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1. Introduction

A few power scaling rules were agreed at RAN1 #59bis in the event that the maximum permitted UL transmission power is exceeded when multiple UL CCs and/or channels are configured. Specifically, the current agreement is:
· Starting point:

· PUCCH power is prioritised; remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, maybe to zero)

· scaling is per channel

· Detailed formula is FFS
This contribution addresses possible power scaling rules when the maximum permitted power is exceeded due to multi-channel transmission on one or multiple UL CCs.
2. Discussion
2.1. Power scaling for PUSCH/PUCCH transmission

It was agreed at RAN1 #60 that a Rel-10 UE is configured to transmit the PUCCH from a single UL CC. Given
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configured UL CCs, define
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as the CC that is configured for PUCCH transmission. There are several cases where PCMAX may be exceeded, namely,
1. The UE is scheduled for concurrent PUSCH/PUCCH transmission on UL CC
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2. The UE is scheduled to transmit PUCCH on CC 
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and PUSCH on a different CC
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3. The UE is scheduled to transmit PUSCH on multiple CCs. 

The trivial case is where PCMAX is exceeded for single channel transmission on one CC. In this case the Rel-8 power control formulas in [1] are applicable. 
Case 1
The PUCCH power is not scaled down in line with the agreement from RAN1 #59bis. Any residual power can be allocated to the PUSCH. 

Case 2

There are two possible scenarios
· The scaling rule for Case 1 is adopted.
· The UE multiplexes UCI and UL-SCH data on the PUSCH in CC
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Note that the second option maintains the Rel-8 rule for data-control multiplexing, albeit on a different CC.

Proposal: re-use Rel-8 data-control multiplexing rule for UCI transmission on a different CC that is scheduled for PUSCH transmission.

Case 3
For multi-PUSCH transmission the UE should weight the transmit power on each CC according to a specified rule. For
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configured UL CCs, and PUSCH transmission on 
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 CCs in subframe n, where
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, the transmit power for the kth PUSCH transmission can be expressed as 
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where 
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is a set of weights. Here we have assumed that the CC-specific maximum power is the same as the maximum UE power, in line with the RAN4 LS [2]. The set of weights can be semi-statically signaled to the UE or it can be computed at the UE from a specified rule. UE-computation may be preferable because the eNB may not know in advance if the required transmit power exceeds PCMAX. A possible weight computation formula was proposed in [3], which is based on the transport block size, similarly to the PUSCH power control formula in [1]
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It is also possible, from a MAC layer perspective, to adjust the weights based on other delay and QoS constraints. Similarly to PUCCH prioritization, if control and data are multiplexed on CC
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· No scaling is applied to CC
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· Residual power can be allocated to te other CCs according to the weights 
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One concern with power scaling is that the transmitted power for a channel may be too low for successful reception at the eNB. Although HARQ re-transmission can be used to recover such transmissions it may be better, in some cases, to turn off transmissions for some channels if the allocated power is too low. This has the advantage of eliminating unnecessary inter-cell interference. The residual power can be re-allocated to other channels. 
Proposal: consider turning off power on a channel if its allocated power is below a threshold.

2.2. Power scaling for UCI transmission

For Rel-10 and beyond it may not be possible to multiplex HARQ-ACK signaling and CQI reports for up to 5 DL CCs on the same PUCCH channel. If multiple PUCCH transmission is allowed the Rel-8 relative priority of HARQ-ACK and SR over CQI should be preserved.
2.3. Power scaling for multiple SRS transmission
Power scaling for simultaneous SRS transmission from multiple CCs is not recommended when total transmission power exceeds PCMAX.  Unlike the case of PUSCH, where we may rely on HARQ to recover errors in transmission, power scaling degrades the UL channel quality estimation for each CC.  Therefore, the simplest solution, which does not involve standardization, is for the eNB to prohibit simultaneous SRS transmissions from multiple CCs. The eNB configures different SRS periodicities and different SRS subframe offsets for each CC. 

Proposal: Simultaneous SRS transmission from multiple CCs should be avoided by eNB configuration of different SRS periodicities and different SRS subframe offsets per CC. 
3. Conclusion

Power scaling rules for transmit power limitation in CA are proposed for consideration. Specifically we propose
· Re-use Rel-8 data-control multiplexing rule for UCI transmission on a different CC that is scheduled for PUSCH transmission.
· For multiple-PUSCH transmission, scale each channel according to a set of weights, which are computed at the UE.
· Consider turning off power on a channel if its allocated power is below a threshold
· Simultaneous SRS transmission from multiple CCs should be avoided by eNB configuration of different SRS periodicities and different SRS subframe offsets per CC.
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