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SEP Process (Broadly):

R&D                 patenting     Standard setting    final standard    implementation     production
by potential                                process                                          by downstream     and sales
patent holders 
                                                                  ------------------------R&D---------------------     
                                                 ---------- licensing --------------
 
                                           ----------------------------------------------litigation---------------------------------

                                      Patent Pool?     Buyer Group?    Frand?            
----------------------------------------------------------------------------------------------------------------------------------------------  >
                                                                                                                             time

Extensive literature (omitted here for time) on this process and all its stages exists…so what is new about our work?

University of Essex
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Our Model - Contributions

1.  Simple characterisation of this entire process ➔ each step stylised + “plug and play”.

                           Esp: no detail of standard setting process except pooled groups or not.  
                           Licensing: (contingent) fixed fee only.  
                           Stepwise approach: pools, buyer groups*, FRAND, litigation.

 2.  New mechanism for (existing) results and some new (and surprising) results.

                           viz: Buyer groups can be bad for members.  FRAND can raise fees.

                         

University of Essex

*”Buyer Groups” refer to “Licensing Negotiation Groups” in Commission terms.  
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3. Hold-up:

Often SEP modelling has been looking at challenges of implementers.  To what extent is hold-up responsible for this?

          Royalty stacking:    “hold up” vs. “market power with complementarity” because no sunk  investment 
                                             is at the root.   Not really hold-up.  NB:  both sides can be hurt by stacking.

          “Commitment to Standard”:  If commit to A, have given up opportunity for B.  Is this a hold-up issue?
                                                              Not really modelled explicitly whether this is a future or a past investment issue
                                                              ➔ examine adoption of standard more fully?  

Our approach:  

            Licensing:  If no ex ante licensing, bilateral hold-up due to R&D by patent-developers and  R&D on 
                               product design/adaptation to standard by implementers *if* this can occur before licensing stage. 

                               NB: amount sunk at the time of licensing measures hold-up for implementers 
                                      timing of implementer investment measures hold-up exposure (continuously)    
                                          (anticipated) fee transmits hold-up’s effects on investment incentives for both

                               NB: Even if don’t have precise standard, you may know what its intended capabilities are ➔
                                      This needs to be incorporated into your product, marketing, overall design.  
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Our SEP Process:

R&D                     final standard   [FRAND]   licensing         implementation by N,     
by M potential                                                (Nash               production and sales
patent holders                                                 Bargaining)
and patenting
(suppressed today)                           
                                                 
         ------R&D (cost = R, 
         completion time: 
          T+ ti)                                             

----------------------------------------------------------------------------------------------------------------------------------------------  
                                          Ts                                                                     profits earned (π)                                          H

Today:  implementers in separate markets
             No feedback effect on patenter R&D
             No change in cost of implementer R&D 
                      over time.  (Fixed at “R”)
             Time to complete implementer R&D fixed for all at “T” ➔
                  earliest R&D start date = Ts-T.  Latest = Ts  

                    Each decision is taken simultaneously by relevant parties                

                    

              

Time Ends
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Number of Parties: Patent 
holders, Implementers

No Buyer Group Buyer Group

No Patent Pool M, N N, 1

Patent Pool 1, N 1, 1

SEP Process:

Today:  Will look at effect of moving to buyer group (top row move), moving to patent pool (first column) and adding FRAND
             commitment to illustrate intuition only.    Will not do all results, will not do all cells.  



CRESSE                    Saturday, 9AM session                   July, 2026                  7

M, N Case -  Basic Intuition of Direct, Indirect Channels on Design Date:

The patent-holder (net) surplus, Fji and the implementer net surplus can be used to determine the NBS level of the fee:

𝑀𝑎𝑥𝐹𝑗
𝐹𝑗𝑖[( 𝑡𝑖 + 𝑇 𝜋𝑁 + 𝐻 − 𝑡𝑖 − 𝑇 𝜋𝑠 − 𝑅

𝑡𝑖 + 𝑇 − 𝑇𝑠

𝑇
− 𝑀 − 1 𝐹𝑧𝑖 − 𝐹𝑗𝑖 − 𝑡𝑖 + 𝑇 𝜋𝑁 − 𝐻 − 𝑡𝑖 − 𝑇 𝜋𝑁 ]

                        
                                  no standard        standard               non-sunk part     payment to  pymt   profit if no license agreed               
                                 incorporated      implemented        of R&D cost         z patent        to j                  
                                                                                              at Ts, start ti         -holders                    

                                                                          agreement payoff                                      disagreement payoff

𝜕𝐹𝑖(𝑡𝑖)

𝜕𝑡𝑖
=

− 𝜋 𝑆 − 𝜋 𝑁 −
𝑅
𝑇

𝑀 + 1
< 0

 
ie, a small increase in implementation date reduces the (bargained) fee by reducing the period during which the increased
profit is earned (so reducing the surplus) and also because the amount of hold-up is reduced by R/T.  
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𝑀𝑎𝑥𝑡𝑖
𝑡𝑖 + 𝑇 𝜋 𝑁 + 𝐻 − 𝑡𝑖 − 𝑇 𝜋 𝑆 − 𝑅 − 𝑀𝐹𝑖 𝑡𝑖

𝜕𝜋𝑖

𝜕𝑡𝑖
=

− 𝜋 𝑆 − 𝜋 𝑁 + 𝑀
𝑅
𝑇

𝑀 + 1

The solution of the maximisation yields a profit that falls when a later date is selected because this postpones earning 
higher profits but rises when the cost of design work rises because the hold-up exposure increases.  

➔ As these terms are both linear, we have a “bang-bang” solution depending on whether the profit or the hold-up
      effect dominates ➔ ti = Ts – T if the hold-up effect is relatively small, Ts otherwise.  F* varies with ti.  

Anticipating this fixed fee solution, the implementer selects an optimal design date:
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Buyer Group Compared to Independent Purchasers?  Adding a “Free Riding Effect” 

NBS expression for independent case can be rewritten:

𝑀𝑎𝑥𝐹𝑗
𝐹𝑗𝑖[ 𝐻 − 𝑡𝑖 − 𝑇 [𝜋 𝑆 − 𝜋 𝑁 ] − 𝑅

𝑡𝑖 + 𝑇 − 𝑇𝑠

𝑇
− 𝑀 − 1 𝐹𝑧𝑖 − 𝐹𝑗𝑖]

Vs. expression for Buyer Group:

𝑀𝑎𝑥𝐹𝑗
𝐹𝑗[ 𝐻 − 𝑡𝑖 − 𝑇 𝜋 𝑆 − 𝜋 𝑁 −

𝑅

𝑇
𝑡𝑖 + 𝑇 − 𝑇𝑠 + 𝑁 − 1 𝐻 − 𝑡𝑘 − 𝑇 𝜋 𝑆 − 𝜋 𝑁

− 𝑁 − 1
𝑅

𝑇
𝑡𝑘 + 𝑇 − 𝑇𝑠 − 𝐹𝑗 − (𝑀 − 1)𝐹𝑧]

➔One subscript on the F as the entire group is negotiating a single aggregate fee of which each firm pays 1/N…but 
so that the surplus is now the total surplus of all firms.  
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𝜕𝜋𝑖

𝜕𝑡𝑖
= − 𝜋 𝑆 − 𝜋 𝑁 −

𝑀

𝑁

− 𝜋 𝑆 −𝜋 𝑁 −
𝑅

𝑇

𝑀+1
  vs.  

𝜕𝜋𝑖

𝜕𝑡𝑖
=

− 𝜋 𝑆 −𝜋 𝑁 +𝑀
𝑅

𝑇

𝑀+1

The difference is that the second term is divided by N, now, so that the expression is more negative than before.  

Why?  The first term remains the same (the incentive to move earlier is always the foregone profits of the member in
Market i).  The second term is the incentive to move later.  In the second term, we can see that the fee changes due to 
both a direct effect on the “time horizon” for earning higher profits AND the hold-up effect.

When each member negotiates individually, she shoulders the entire effect of the fee change. However, as part of the 
group, she only suffers 1/N of this so there is a tendency to move earlier.  Hence, the range for which the early 
date is chosen rises.

If  𝑀
𝑅

𝑇
> 𝑁(𝑀 + 1) − 𝑀 𝜋 𝑆 − 𝜋 𝑁 , then 𝑡𝑖

∗ = 𝑇𝑠

If  𝑀
𝑅

𝑇
< 𝑁(𝑀 + 1) − 𝑀 [𝜋 𝑆 − 𝜋 𝑁 ]. Then 𝑡𝑖

∗ = 𝑇𝑠 − 𝑇

Anticipating this fixed fee solution, each implementer independently selects an optimal design date :

 𝑀𝑎𝑥𝑡𝑖
[ 𝑡𝑖 + 𝑇 𝜋 𝑁 + 𝐻 − 𝑡𝑖 − 𝑇 𝜋 𝑆 − 𝑅 −

𝑀

𝑁
 𝐹𝑗 𝑡𝑖 , 𝑡𝑘 ] vs.  

𝑀𝑎𝑥𝑡𝑖
𝑡𝑖 + 𝑇 𝜋 𝑁 + 𝐻 − 𝑡𝑖 − 𝑇 𝜋 𝑆 − 𝑅 − 𝑀𝐹𝑖 𝑡𝑖
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Total Fees 

Do not change if the timing does not change because group and the (sum of) individual negotiations generate the
same trade-off when implementation markets are separate (the direct profit incentive does not change, nor does the cost, R,
of design when this is fixed).  

But with an earlier implementation date, the total fees rise for the group.  The “public good” problem imposes a cost on 
the group.  

Welfare:

As fees are a transfer, welfare results only depend on introduction date, which shifts earlier with the buyer group.  This 
effect in itself is better for consumers.  Given that the total fee also increases, then if we *do* take into account the 
initial R&D stage for patent-holders, to the extent that a greater fee increases their R&D incentives, this can be a further
consumer gain.  For implementers, however, we have shown that the buyer group *must* make them worse off for the
range where design initiation dates are affected.  
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Patent Pool Compared to Independent Negotiators: Effect of Attenuating Royalty Stacking

Patent pools reduce the royalty stacking problem.  This reduces the fee, all else equal.  But with the fee reduced, the indirect
effect of hold-up, running through the fee, is attenuated.  As hold-up tends to delay the design date, reducing the 
indirect effect results in An earlier design date.  

The effect on implementers’ fees is ambiguous.  Where fees fall, the implementers are unambiguously better off since they
also introduce earlier.  Where they rise it is less clear.

Consumers do better from the perspective of introduction date, but the feedback effect on patent-holder R&D can go the
Other direction.  

FRAND:  Effect of Directly Truncating “Indirect” Channel

From this intuition, it is possible to see directly that a FRAND commitment can have perverse effects, where FRAND is 
a policy setting the highest cap to licensing payments:

As FRAND dampens the indirect channel through which hold-up functions to delay design work, it will tend to result 
in an earlier design initiation.  This can, however, *raise* fees by reducing the implementers’ incentives to 
attenuate hold-up (where the design date is affected by the change).   Perversely, where such an effect is 
present, FRAND *raises* innovation Incentives for patent-holders even though it raises fees for designers.  
It also helps consumers.    
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FRAND: Implementers indifferent between moving early and late. 

Implementer
Pay-off

Implementer
Pay-off

Fee
𝐹𝐸

Fee
𝐹𝐿

Early Implementation                                                          Late Implementation

𝐹𝑚𝑎𝑥 = 𝐹𝐸 − 𝜀 induces early implementation
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FRAND:

Implementer
Pay-off

Implementer
Pay-off

Fee
𝐹𝐸

Fee
𝐹𝐿

Early Implementation                                                          Late Implementation

𝐹𝑚𝑎𝑥 = cap.  induces early implementation

𝐹𝑚𝑎𝑥
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Conclusions and Next Steps

1. Two-Sided R&D and Hold-Up: Where both parties, patenters and implementers, conduct R&D to introduce an 
       improved product, bilateral hold-up arises.  
2. Fee Transmits Hold-Up: Hold-up operates via the fee paid for the SEP license and is balanced against any direct 
       profit effect.
2. Buyer Group may Hurt Buyers:  Versus independent bargaining, combining implementers into a buyer group 
       can be positive for consumer surplus and patent-holders but negative for implementers due to “free riding” 
       in the date at which they initiate their design R&D.
4. Patent Pools may Hurt or Help: Versus independent bargaining, combining patent-holders into a patent pool can be 
      positive for consumer surplus and may be positive for implementers if fees fall.  Similarly, they can help or hurt 
      incentives for SEP R&D.
5. FRAND can Raise Fees: can have the perverse effect of raising equilibrium fees to implementers by attenuating the 
       incentives to reduce hold-up.  Consumers may or may  not be helped.
6. Plug and Play Design:  LOTS of additional  bells and whistles and experiments can be placed in this framework:

             - (continuously) changing cost of design R&D as move earlier?
             - competition across implementation markets?
             - litigation and probabilistic patents?  
             - additional policy experiments that modify how these institutions work.           


