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1 Introduction

During RAN1#58bis, the following questions are FFS [1]:
· It is FFS which PC parameters are CC-specific or common to all CCs

· FFS whether it should be possible to derive pathloss of several UL CCs from the RSRP measurement on a single DL component carrier

· Simultaneous transmission of PUSCH and PUCCH is possible in LTE advanced

· How to share power between PUSCH and PUCCH in case of power limitation should be configured by the eNB or defined by a rule. The exact procedure is FFS

· Transmission over multiple component carriers can be realized with a single PA or multiple PAs

· In case of single PA

· UE should scale (or reduce to zero) power on different CCs in case of power limitation. The exact standardized rule is FFS

· The tx power difference between multiple CCs with non-zero transmit power may be limited depending on input from RAN4. The exact standardized rule is FFS

· The multiple PA case is FFS

· UE power headroom reporting in carrier aggregation and/or with simultaneous PUCCH/PUSCH is FFS 

In this paper, we present our views and considerations on these open issues.
2 Discussion
· It is FFS which PC parameters are CC-specific or common to all CCs
As proposed in [2], the CC-specific power control parameters should generally be supported. This should be acceptable at least for the cases that CCs belong to different frequency bands as stated in the following. For some parameters, such as the pathloss, TPC commands, and etc., when CCs belong to a same frequency band and share a PA, they can be common for these CCs. However, the standards still need to support CC-specific parameters and such cases may be dealt with within the same framework.
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. It is possible that different CC handles different services, so it seems preferable to keep 
[image: image7.wmf]k

j

 CC-specific. Since the interference situation may be different for different CC, so it seems also preferable to keep 
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 is the fractional path-loss compensation factor of UL CC 
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. CC-specific alpha should be supported to address e.g. the CC-specific propagation and interference environments.
· 
[image: image11.wmf])

(

k

PL

 is the DL path-loss estimate for DL CC 
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 in the UE in dB. CC-specific PL should be supported at least for the cases of frequency separation.
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 is the format-depending power offset to the transmit power, it should be CC-specific since the UL grant is different for each CC.
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 indicates the explicit close loop power control commands. Since the service and the interference situation may be different in different CC,  
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PUCCH
Similar to the PUSCH power control, 
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 may be different in each CCs, 
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could be CC-specific. For
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, due to the independent scheduling, it could be also CC-specific if each CC has individual PUCCH. 
SRS
Same to the PUSCH power control, 
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should also be CC-specific. 
· FFS whether it should be possible to derive pathloss of several UL CCs from the RSRP measurement on a single DL component carrier
We think it is reasonable that in case contiguous carrier aggregation the pathloss observed from a single DL CC can be applied to multiple UL CCs. For non-contiguous carrier aggregation scenario, the pathloss should be measured independently.
· Simultaneous transmission of PUSCH and PUCCH is possible in LTE advanced

· How to share power between PUSCH and PUCCH in case of power limitation should be configured by the eNB or defined by a rule. The exact procedure is FFS
· Transmission over multiple component carriers can be realized with a single PA or multiple PAs

· In case of single PA

· UE should scale (or reduce to zero) power on different CCs in case of power limitation. The exact standardized rule is FFS

· The tx power difference between multiple CCs with non-zero transmit power may be limited depending on input from RAN4. The exact standardized rule is FFS

· The multiple PA case is FFS
In principle, reducing the transmit power on some CCs in case of power limitation will degrade the data demodulation performance given a certain assigned MCS format from eNB. Furthermore, the uplink is basically orthogonal, so no other UE would be able to use such radio resources responding to the power reduced. Therefore overall system capacity would be reduced. It is then preferable that power limitation happens as less as possible through proper eNB scheduler design.
To support carrier aggregation in UE, various possible UE architectures were proposed [3] where the main difference between the options is whether multiple carriers share one PA or not. To assist eNB scheduling CCs with different PA structures, we propose that UE should signal its carrier aggregation information which describes the aggregated CCs and corresponding PA configurations to eNB. 
Taking this information into account, eNB scheduler may allocate the radio resource to UE accordingly and reduce the probability that the corresponding transmit power on these radio resource exceeds the maximum output power of the (shared) PA. On the other hand, without this information, the eNB may allocate too much radio resource to one CC or CCs. For example, in the case that two CCs share one PA whose maximum output power is 23dBm, eNB may allocate uplink radio resource to this UE with power limitation of 23dBm on each CC. It is then possible that the sum of transmit power on all CCs eNB assigned will exceed 23dBm.
Proposal 1: UE should report its carrier aggregation information to eNB for uplink scheduling. The detailed format is FFS.
In case of power limitation, many UE behaviors have been proposed to solve this problem [4] ~ [9]. The main viewpoint is prioritizing the CCs and/or physical channels for power reduction. 
In LTE-Advanced, there will be four possible CC types:
Type1: CC carrying only PUSCH

Type2: CC carrying only PUCCH

Type3: CC carrying concurrent PUSCH/PUCCH

Type4: CC carrying PUSCH with piggybacked PUCCH

Basicly the quality/power of CCs carrying uplink control channel should be kept unchanged. It means if Type1 CC(s) exists, its power will be decreased first. Based on this principle, one possible power scaling procedure of UE on CC level is given here:

Step1: Decrease the transmit power of Type 1 CC(s). If there are more than one Type1 CCs, the power scaling should try to minimize the UE throughput reduction.
Step2: If the transmit power still exceeds the UE maximum output power after step 1, we should decrease the PUSCH power of Type3 CC(s), while keeping the PUCCH power on Type3 CC(s) unchanged.

Step3: If the transmit power still exceeds the UE maximum output power after step 2, we should decrease the power of Type 2 and Type 3 CCs. The order to perform power reduction on these two kinds of CCs is FFS.
Another issue is the uplink power difference between multiple CCs with non-zero power. In our understanding, this difference should be defined by RAN4. In the case that this parameter may be configured to different values, it should be signaled to UE for uplink power calculation.
Proposal 2: Power difference parameter between CCs should be studied by RAN4 and this parameter may be signaled to UE for uplink power calculation.
· UE power headroom reporting in carrier aggregation and/or with simultaneous PUCCH/PUSCH is FFS 

In LTE, the purpose of power headroom reporting (PHR) is let eNB know the power spectral density (PSD) used at the UE. This can avoid the eNB allocates a transmission bandwidth and MCS format that cannot be supported given the UE power class which further result in a lower SINR than expected. The reference point for PHR calculation is the UE maximum output power.
Since it has been agreed that LTE-Advanced supports component carrier specific UL PC, CC-specific power headroom report should be supported.
Proposal 3: CC-specific Power headroom report should be supported
3 Conclusions
In this contribution, we present our views and considerations on UL PC open issues and propose that CC-specific power control parameters should generally be supported. 

In addition, it is proposed the following:
Proposal 1: UE should report its carrier aggregation information to eNB for uplink scheduling. The detailed format is FFS.
Proposal 2: Power difference parameter between CCs should be studied by RAN4 and this parameter may be signaled to UE for uplink power calculation.
Proposal 3: CC-specific Power headroom reporting should be supported. 
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