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1 Introduction

In RAN1#62bis, two outstanding issues were identified for the transmission power of PUCCH Format 3:

a) The formula for the function 
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 in the PUCCH power control formula [1]

b) The determination of the HARQ-ACK payload, 
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, for deriving the PUCCH Format 3 transmission power control based on one of the following alternatives:

a. number of activated CCs together with configured TM per activated CC

b. number of configured CCs (together with configured TM per activated CC)

c. number of received PDCCHs (determining the received TBs, together with SPS PDSCH)

This contribution focuses on the derivation of the HARQ-ACK payload, 
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, for the purposes of PUCCH Format 3 power control and extends the discussion to TDD. A companion contribution [2] addresses the first issue.

2 PUCCH Format 3 Transmission Power
The first and the second alternatives (
[image: image4.wmf]HARQ

n

 based on either the activated cells or the configured cells, together with the respective TM) are practically equivalent as the number of configured and activated cells will be very similar in practice (if not the same). In a typical CA operation, the NodeB will deactivate configured cells and fall-back to single-cell operation when peak rates are not required and activate the configured cells when peak rates are required (of course, the number of cells where scheduling occurs per sub-frame can vary based on channel/interference conditions and network priorities). Obviously, in case of 2 configured cells, the notion of configured cells and activated cells is the same in the context of CA. Note that the biggest differentials in the required transmission power for PUCCH Format 3 occur between two relatively small HARQ-ACK payloads (e.g. between 2 bits and 4 bits). Moreover, as the HARQ-ACK payload in the PUSCH is determined from the number of configured cells and the respective TM per cell (no DL DAI in the cell domain), a proper implementation will not configure many more cells than the activated ones as otherwise PUSCH will be penalized with unnecessary overhead. Therefore, there is no material difference between the first and second alternatives for the determination of 
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 for PUCCH Format 3 power control and they will be treated as one in the remaining of this contribution.

With the third alternative, a lower than required transmission power for PUCCH Format 3 will occur when the UE misses some PDCCH as, due to the absence of a DL DAI in the cell domain, the UE will underestimate the actual HARQ-ACK payload it transmits. The issue then is to which extend the impact of such PDCCH misses is detrimental to the overall probability of HARQ-ACK errors.   
If 
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 is based on the number of configured or activated cells (and the TM/cell), then as the TPC commands in the PDCCH scheduling PDSCH (in the Pcell) are intended to track fading variations as in Rel.8, they cannot track variations resulting from transmitting different HARQ-ACK payloads. Therefore, in order to always achieve the desired error targets, the PUCCH Format 3 transmission power should be the maximum one (corresponding to scheduling from all configured/activated cells assuming the TM providing the maximum possible number of TBs). This can result to the UE transmitting with substantially larger power than necessary, such as 4-6 dB, leading to:

a) significant unnecessary UE power consumption

b) likely reductions in the PUSCH transmission power (at least in Scells) as 
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 is more likely to be reached
c) severe interference increase resulting to overall worse performance 
d) reduction in multiplexing capacity per PRB to less than 4-5 UEs as the SINR needs to improve (by reducing interference) to support relatively large HARQ-ACK payloads.
This was discussed in detail in [3] where in order to avoid the drawbacks associated with the UE having to always transmit PUCCH Format 3 with maximum power and enable the appropriate power setting, extending the range of the TPC command in the PDCCH scheduling PDSCH in the Pcell was suggested by including 1 RV bit in the 2 TPC bits since the absence of DTX feedback diminishes/reverses the usefulness of IR HARQ for the last 2 retransmissions. Therefore, if 
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 is based on the number of configured or activated cells (and the TM/cell), 1 RV bit in the PDCCH scheduling PDSCH in the Pcell should be used to complement the 2 TPC bits.

For the third alternative, the impact of missed PDCCH on the HARQ-ACK error rate is subsequently analyzed. The worst case scenario occurs when the reduction in the PUCCH transmission power is the largest. This happens for 2 configured/activated cells with PDSCH conveying 2 TBs when the UE misses one PDCCH. Obviously, more activated/configured cells could be considered and respectively more PDCCH could be assumed missed by the UE but the relative increase in the PUCCH Format 3 BLER is much smaller than the probability of missing multiple PDCCH. For example, 5 configured/activated cells could be assumed with the UE missing 4 PDCCH, but the PUCCH Format 3 BLER increase from using a transmission power of 2 bits instead of 10 bits is in the order of 10x (e.g. [4, 5]) but, even on its own, the probability of missing 4 PDCCH is much smaller than the target HARQ-ACK BER. 
Considering therefore the worst case scenario where the UE misses one PDCCH and transmits the PUCCH Format 3 with the power required to achieve the desired BLER for 2 bits, instead of the power required to achieve the desired BLER for 4 bits, the overall HARQ-ACK error rate is:
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where 
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 is the PDCCH miss probability and 
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 is the PUCCH Format 3 BLER when 4 HARQ-ACK bits need to be transmitted but the power corresponds to 
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 HARQ-ACK bits.  
 For 
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 (e.g. [4, 5]), it is
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Based on the above analysis, the worst case scenario for the HARQ-ACK error rate increase when the transmission power is based on the TBs the UE receives is at most 4%. In typical scenarios, an increase in the order of 2% is expected. This variation is negligible and within the noise of the PUCCH Format 3 BLER computed by simulations based on which the 
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 formula will be derived. Therefore, it can either be ignored, or statistically accounted in the 
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 mapping, or a small dB offset of about 0.1 dB can be added. In conclusion, using the received TBs for the UE to determine the PUCCH Format 3 transmission power is the simplest approach that avoids having to always transmit PUCCH Format 3 with maximum power and has a negligible impact on the nominal HARQ-ACK error rate.
Proposal 1: The UE determines the PUCCH Format 3 transmission power based on the number of received TBs.

If the UE determines the PUCCH Format 3 transmission power based on the configured/activated cells, extending the range of the TPC commands is necessary as it was previously discussed.

2.1 Extension to TDD
In Rel.8 TDD, the TPC commands are accumulated for all PDCCHs the UE receives. Therefore, although channel selection is based on the bundling window size 
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, the transmission power depends on the number of received PDCCH (spatial bundling is applied in Rel.8 TDD).
If the number of received PDCCH is not considered, then similar to FDD with CA, the PUCCH Format 3 (single or dual RM) transmission power should be based on the assumption that 
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 where 
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 is the number of configured or activated cells and 
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 is the maximum number of TBs the UE is configured to receive in CC 
[image: image23.wmf]c

 (in FDD, 
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Obviously, the difference between the PUCCH Format 3 transmission power the UE should use based on the actual HARQ-ACK payload it conveys and the transmission power computed assuming 
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 can be much larger in TDD than in FDD and therefore, the alternatives not relying on the received TBs (received PDCCH) can result to even worse drawbacks than the ones outlined for FDD. Then, the requirement to extend the range of the TPC command by increasing the number of bits from 2 to at least 3, in order to avoid transmitting with very large power and experiencing multiplexing capacity reductions, is further reinforced.  
If the PUCCH Format 3 transmission power is based on the PDCCH the UE receives, as for channel selection in Rel.8, the PUCCH Format 3 transmission power can be much closer to the nominal one, especially if the DL DAI is used to identify missed PDCCH as in Rel.8 (the exact DL DAI design for TDD with CA is not yet decided). A difference in Rel.10 relative to Rel.8 is that spatial bundling may not be used and for that reason the received TBs instead of the received PDCCH is a more appropriate parameter. 

Therefore, the same proposal as for FDD applies (PUCCH Format 3 transmission power is based on the number of received TBs) and the motivation is even stronger in case of TDD.

2.2 PUCCH Power Control Adjustment for SRS Puncturing
When simultaneous SRS and PUCCH transmissions are supported in the same sub-frame, the last PUCCH symbol is punctured (at least if simultaneous SRS and PUCCH transmission in the same symbol is not supported) and the PUCCH performance loss is about 0.5 dB (with small variations depending on the PUCCH Format) [6, 7]. As a ~0.5 dB performance loss is too large to be neglected, it was proposed in [1] to adjust the PUCCH transmission power depending on whether the last PUCCH symbol is punctured. However, no decision was made. Note that such an adjustment already exists for the PUSCH transmission power through the computation of 
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 (for 
[image: image27.wmf]25

.

1

=

S

K

) [1] or as in the case of the UCI resource determination according to the spectral efficiency of the data transmission [8]. 
Then, the PUCCH transmission power is given by
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Proposal 2: The PUCCH transmission power accounts for the SRS puncturing of the last symbol.
3 Conclusions

This contribution considered the outstanding issues for HARQ-ACK resource mapping in the PUCCH in support of CA. The following are proposed:

Proposal 1: The UE determines the PUCCH Format 3 transmission power based on the number of received TBs.
Proposal 2: The PUCCH transmission power accounts for the SRS puncturing of the last symbol.
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