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1 Introduction

This contribution discusses the power control aspects for PUCCH format 3, which was agreed for carrier aggregation at RAN1 #61bis.
2 Discussion

Power control for PUCCH is described in section 5.1.2.1 in ‎[1]. The power control for PUCCH contains a general part for all PUCCH formats and specific parameters that are based on the load on PUCCH. The specific part is constructed by the two parameters 
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The parameter 
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 defines the relative performance difference between PUCCH 1a and the used PUCCH format. For PUCCH format 3 there will be a need define this relative offset. Similar to the other PUCCH formats the aim should be to define 3 to 4 different values that can cover potential different eNB receiver implementations.

Proposal:

· Define 
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 for PUCCH format 3 with 3 to 4 different values. Exact values should be defined at RAN1 #63.
The parameter 
[image: image5.wmf](

)

,

CQIHARQ

hnn

 adapts the power to the number of bits that are transmitted. For PUCCH 1a/1b this is 0 since these formats only support one payload size for the format. PUCCH format 3 is however similar to PUCCH format 2 in that it supports different payload sizes. The power control should therefore adapt based on the number of ACK/NACK bits that are transmitted with PUCCH format 3. The power control would be possible to adapt to

· The number of ACK/NACK bits that corresponds to the number of configured component carriers and configured transmission modes

· The number of ACK/NACK bits that corresponds to the number of activated component carriers and configured transmission modes

· The number of ACK/NACK bits that corresponds to the number of transmitted ACK/NACK bits by the UE.

At a first glance it may seem beneficial that the UE would set it power based on the number of actual transmitted ACK/NACK bits, because then the UE would adapt its power to the actual number of feedback bits. 
In case the UE would miss one ore several DL assignments from the eNB, the UE would set these corresponding ACK/NACK bits to NACK, because it has been agreed for PUCCH format 3: Codebook selection based on configured CCs and configured transmission modes for each CC.
The fact that the UE has missed the downlink assignments is not known to the eNB and consequently the eNB has to use a hypothesis when decoding that the UE has actually received the missed DL assignments. If the UE would in such a case transmit with lower power it would be very difficult for the eNB to correctly decode the ACK/NACK feedback. When discussing this subject we should also keep in mind that the ACK/NACK feedback for carrier aggregation should be designed for a low number of simultaneously scheduled UEs. 

Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC

In other words this means that it is very seldom that a UE is not scheduled on all resources that it can receive. I.e. if the UE is activated on multiple component carriers and it is scheduled it is then in most time scheduled on all it’s activated component carriers. To avoid that the UE transmits with too low power it is therefore beneficial that the UE would set the power on PUCCH format 3 based on the number of activated component carriers. 

The reason why the code-book size for PUCCH format 3 is based on the number of configured CCs and not the number of activated component carrier was the potential error cases that could occur if the eNB and UE have different understanding about the number of activated component carriers. There are mainly two aspects here, NACK->ACK or ACK->NACK error in case a component carrier is activated or deactivated, and the case with autonomous deactivation of component carriers. Autonomous deactivation was introduced in case the eNB “forgets” to deactivate component carriers; this could therefore be avoided by the eNB implementation. The NACK->ACK or ACK->NACK errors will however occur in some situations; but the impact of this would be small if it only affects the power control compared to the coding part, because for the power control the eNB could compensate by transmitting some additional TPC commands. Further if the power control is based on the number of activated component carriers together with the configured transmission modes on these component carriers, the transmitted power of the UE will in most cases correspond to the number of scheduled component carriers.

Proposal:

· The parameter 
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 for PUCCH format 3 is based on the number of activated component carriers together with configured transmission modes on the associated component carriers. An exact formula should be decided at RAN1 #63

3 Conclusion
In this contribution we discuss power control for PUCCH format 3, based on the discussion we propose
· Define 
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 for PUCCH format 3 with four different values. Exact values should be defined at RAN1 #63.
· The parameter 
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 for PUCCH format 3 is based on the number of activated component carriers together with configured transmission modes on the associated component carriers. An exact formula should be decided at RAN1 #63
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