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1. Introduction
In the RAN#61bis meeting, RAN1 received RAN2 LS asking the clarification of the current agreed CC specific PHR for CA [1] as follows. 
To RAN1:
RAN2 kindly asks RAN1 to clarify the concerns on the current agreed CC specific PHR for CA and evaluate the necessity of providing additional information, i.e. per UE PHR.

To RAN4:
RAN2 kindly asks RAN4 to clarify the concerns on the current agreed CC specific PHR for CA, e.g. whether MPR used for calculating the per-CC PHR of uplink transmission of a certain CC takes into consideration of uplink transmissions on other CCs.
Therefore, in this document, we investigate the possible implementation of MPR in carrier aggregation and the impact on PHR depending on approaches. In addition, we discuss whether CC specific PHR provides enough information for uplink scheduling and the additional information is required. 
2. Determination of MPR
There could be two possible approaches to apply MPR in carrier aggregation.
· Approach 1: MPR due to multiple CCs (MPRc in Figure 1) is applied to each CC specific maximum power and the UE maximum power is the same maximum transmission power as the maximum power of UE power class. Figure 1 (a) shows this approach. 
· Approach 2: MPR due to own CC(MPR1 and MPR2 in Figure 1) is applied to CC specific maximum power and MPR due to multiple CCs is applied to the UE maximum power. Figure 1 (b) shows this approach.
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Figure 1: the relationship between MPR and PHR
In approach 1, CC specific PHR considers uplink transmission on other CCs. It would be beneficial in the sense that this CC specific PHR would be more close the actual remaining power when multiple CCs are scheduled. However, one concern is that this PHR may not be accurate when each CC is scheduled separately. Figure 2 shows an example of CC specific PHRs assuming approach 1. In subframe k where two CCs are scheduled, MPR1 is applied and PHR1 is reported. However, in subframe k+10, if only CC1 is scheduled, the smaller MPR (MPR2) should be applied because only CC1 is scheduled. In this case, if PHR of CC1 is not updated with PHR2 and the eNB still assumes PHR as PHR1, it is less likely to increase the data rate to utilize the increased power headroom.  As shown in [2], MPR value supporting two CCs can be from 0 dB to 7dB depending on the actual uplink bandwidth, which is quite larger than the range of MPR defined in Release-8. Therefore, the difference between PHR in single CC and PHR in multiple CCs will be quite different and the frequent PHR would be required if the approach 1 is applied.  Based on this observation, it is preferred that MPR due to own CC is applied to CC specific maximum power and MPR due to multiple carrier transmission is applied to the UE maximum power. 
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Figure 2: example of CC specific PHR depending on the number of scheduled CCs

3. Necessity of per UE PHR

As discussed in [3], it was concerned that per-CC PHR is not sufficient for the eNB to determine the remaining power when multiple CCs are transmitted. According to the agreed per-CC PHR, the eNB receives PH1 and PH2, which indicates the remaining power in CC1 and CC2 respectively. It will work well if only one CC is scheduled. However, when multiple CCs are scheduled, the total power is also controlled the UE maximum transmit power as well as CC specific maximum power. Figure 3 shows an example of the case where the total transmit power exceeds the UE maximum power. In this case, looking at PH1 and PH2, a sufficient power margin exists in each CC in the case that only one of the CC’s is scheduled. When both CCs are scheduled simultaneously based on the PH1 and PH2 reported for each CC, the total power may exceed the UE maximum power. Due to the limitation of the UE maximum power, the UE will scale down the total transmit power and hence the uplink transmission performance could be degraded. Furthermore, a worse problem is that the eNB may not be aware that this power scaling/reduction has occurred at the UE, and therefore cannot correct or compensate for it. It is noted that this problem can happen regardless of how to define MPR discussed in Section 2. 
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Figure 3: the relationship between CC-specific power and total power
To avoid the issue, per UE PHR can be sent along with CC-specific PHR as proposed in [3]. However, it may be redundant to always transmit the per-UE PHR whenever the UE transmits per-CC PHR in terms of signalling overhead. CC specific PHR is sent periodically or when the pathloss change is larger than a threshold to indicate a significant change in channel conditions. Since the channel situation for each CC is known with the CC specific PHR, it may not be necessary to transmit per-UE PHR as often as CC specific PHR. Simply, if the UE informs the amount of MPR used in each CC or per UE, the eNB is able to calculate per-UE PHR only with CC specific PHRs. In addition, the per-UE PHR provides limited information because it indicates the power margin of scheduled CCs. For example, assuming there are five CCs, if per-UE PHR is calculated when 2 CCs are scheduled, this PHR may not be correct when more than 2 CCs are transmitted or when other CCs (e.g. a different group of CCs) are scheduled.  

4. Conclusion

In this document, we discussed the possible implementation of MPR in carrier aggregation and the impact on PHR depending on approaches. In order to provide the exact CC specific PHR regardless of the number of scheduled CCs, it is preferred MPR due to own CC is applied to CC specific maximum power and MPR due to multiple carrier transmission is applied to the UE maximum power.

In addition, we discussed the necessity of per UE PHR. Since the eNB doesn’t know whether the total power exceeds the UE maximum transmit power, it is necessary for the eNB to know the total remaining power to avoid the frequent power limited situation. Per UE PHR can be one approach to indicate the total remaining power to the eNB. Alternatively, if the UE informs the amount of MPR, the eNB is able to calculate the total remaining power without per UE PHR. 
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