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1 Introduction

UE behaviour in case of power limitation for multiple TA (timing advance) has been discussed in RAN1 meetings. In RAN1#68, the following behaviour was agreed. 
Conclusions for behaviour when power-limited:
· Partial overlap between:
1. SRS+PUCCH/PUSCH/PRACH

· drop SRS

2. PUSCH+PUCCH/PUSCH

· TBD

3. PRACH on SCell + PUCCH/PUSCH

· TBD

· Full overlap between:

PRACH on SCell and SRS 

· drop SRS

PRACH on SCell and PUCCH/PUSCH

· PRACH>everything else 
For partial overlap case, RAN1 is asking RAN4 in LS [1] on the following aspects. 
· Whether power can not exceed even overlap duration and whether constant PRACH power is required. 
· Transient period definition for multiple TA

· MPR/A-MPR value for partial overlap duration  
On the other hand, it was agreed RAN1 continue discussion on channel priority between TAGs (TA groups) in case of power limitation, and provide the information to RAN4 if needed. In this document, UE behavior for power limited case in the partial overlap duration together with the channel priority is discussed. 
2 UE behaviour for power limited case
If RAN4 reply is to calculate the total UE power in the duration where at least a cell is transient period is feasible, RAN1 should specify the UE behavior for total UE power limited case. The following should be taken into account in RAN1 perspective: 

· Complexity of power calculation 

· Need to take into account the possibility of separate MPR/A-MPR for overlap duration depending on RB allocation of each CC. A special handling for calculation of the maximum transmission power may be needed. 

· Power utilization 

· Performance (coverage, error rate, throughput) 

Following options can be considered. 
Option 1: Pre-configured allowed power per CC [2]
Maximum allowed power for each CC is configured semi-statically. Transmission power for a given CC shall not exceed the configured allowable power regardless of transmission power for another CC. For example, the maximum power for CC(i) is defined by the following equation: P(i)= α(i) x Pcmax, Σα(i) =1. 

In this option, transmission power can not be fully utilized even if only one CC is assigned for uplink transmission, i.e. cause unnecessary restriction and reduce the coverage. 
This option is simple because maximum power for each CC is not dynamically changed. However, because Pcmax depends on MPR/A-MPR, a special handling of power calculation during the partial overlap period may be needed if separate MPR/A-MPR is used for the overlap period. Always reserve worst case MPR/A-MPR value is another option but this further limit the possible usable power. The maximum transmission power has to be further reduced in the situation where P-MPR needs to be applied. A solution for P-MPR handling is also required. However, to take into account P-MPR dynamically is not inline with the behaviour of option 1 while always reserve P-MPR is not in line with the inteion of P-MPR. 

[image: image1]
Figure 1 pre-configured allowed power 
Option 2: Power scaling for whole subframe (i.e. constant power during subframe) when the total power exceeds Pcmax 
This option leads an excessive power reduction when only partial overlap period exceeds Pcmax because partial overlap period is at most 30us (+RAN4 torelance). This causes unnecessary coverage limitation. In addtion, the power during the transient period is necessary in order to calculate the total power when at least one CC is during the transient period. Currently the power during the transient period is not defined. MPR/A-MPR/P-MPR needs specific handling in this period. 

In this option, power calculation for subframe n needs power for subframe n and subframe n+1 in different CC. Depending on the channel prioritization, an infinite loop of power calculation may occur. For example, power for {CC1, subframe 1} needs power for {CC2, subframe 1} and {CC2, subframe 2} that needs power for {CC2, subframe 2} that needs power for {CC1, subframe 2} that needs... In order to avoid above problem, a specific Cell (e.g. PCell, earlier timing Cell) should be prioritized. The following two alternatives could be considered. 
· Alt1: Prioritize PCell 
· Alt2: Prioritize earlier timing Cell
For Alt 1, PUCCH is protected. However, power calculation 1ms before is required. Such change of timing relation would cause a significant impact on the UE design. On the other hand, for Alt 2, PUCCH is not necessarily protected although power calculation timing is same as Rel.8~10. Therefore, both above alternatives are not preferred. 
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Figure 2 Power scaling for whole subframe 
Option 3: Puncture or power reduction of overlap symbol when the total power exceeds Pcmax

In this option, full overlap duration (intra-subframe overlapping) and partial overlap duration (inter-subframe overlapping) can be separately controlled as described below. 
· Full overlap duration: Same as Rel-10 power control including power scaling
· Partial overlap duration: when total power exceeds Pcmax, puncture (or power reduction) low priority channel. Because the partial overlap duration includes the transient period, it is up to UE implementation how to judge whether total power exceeds Pcmax. Puncture or power reduction may be also up to UE implementation. 
Because full overlap duration and partial overlap duration is separately controlled, an infinite loop (as in option 2) does not occur. Ideally priority of the channels would be:


PRACH > PUCCH > PUSCH w/ UCI > PUSCH w/o UCI. 
On the other hand, during the transient period (will be defined in RAN4), UE does not have to follow the priority rule because the waveform/power of CC during the transient period is implementaion specific and usually not constant. Therefore, to mandate the strict rule all the time is difficult. Therefore, in order to allow an implementation freedom but to recommend the implementation, to have "should" description in the spec on the priority of UL channels is one approach. 
Because the partial overlap period is relatively short compared with the whole subframe length, this option is the most efficinet power amplifier usage and would achieve the best coverage of among all options for uplink CA operation. 
Note that eNB can know the timing relation (i.e. which CC is earlier) between CCs in different TAG, e.g. from the PRACH reception timing for each CC or the pathloss calculated by reported RSRP for each CC. Therefore, eNB can know which part (first or last) is potentially punctured/power-reduction and allows for improving the error correction performance in the decoder.    
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Figure 3 Puncture overlap symbol
Option 4: Always puncture overlap symbol 
In this optoin, overlap symbol for low priority channel is always punctured when partial overlap between transmission channels happen (even in case of non-power limited). This is simple and the UE power is fully utilized. When only one CC is transmitted at the subframe level, the wider coverage is expected compared to option 1. A special handling of power calculation for overlap duration is not needed even if separate MPR/A-MPR is applied for overlap duration. On the other hand, this option causes throughput loss of around 8% when multiple CCs are simultaneously transmitted. 
Based on above discussion, we propose option 3. 
3 Conclusion

In this contribution, we discussed UE behavior for power limited case in the partial overlap duration together with the channel priority. In order to efficiently utilize power amplifier and avoid a complicated power calculation during the partial overlap duration, we propose puncture or power reduction of overlap symbol when the total power exceeds Pcmax. 
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