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1. Introduction

    With the introduction of multiple timing advances, mainly two issues raise to be solved. Firstly, the UL transmission timings of UL carriers among different timing advance group are different so that the subframe boundaries are not well-aligned. Channels in neighboring subframe thus likely to overlap as shown in below figure:
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Besides, in order to acquire the transmission timing on new timing advance group, PRACH transmission on SCell in addition to PCell is required, which means new combination of channel coexistence is introduced. In the same subframe, there will be overlapping between PRACH transmission on SCell and channels on other cells.
    Both issues may induce new power control mechanisms in power limited case, referring to the case the total amount of transmission power required in an instance exceeds the maximum transmission power. In RAN1#68 meeting, these issues were discussed and the following conclusion was achieved:
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 the partial overlap case, one argument is that the partial overlap only occurs within a short transient period thus RAN4 requirement is enough to handle the case and no explicit power reduction rule is needed. An LS was sent to RAN4 to confirm it. While according to RAN4’s reply [1], UE should still obey the maximum transmission power restriction within the transient period. Thus RAN1 work is still needed to solve the partial overlap issue. In RAN1#69 meeting, it was agreed to reduce the UE power so that maximum transmission power still holds. In this contribution, we give our views on the issue to finalize the power control mechanism for multiple TA.

2. Discussion 

Partial overlap between PUSCH and PUSCH/PUCCH

Regarding how to reduce the power, there are mainly two possibilities. One is to allocate the power according to certain priority, ex. those defined in Rel-10. The other is to puncture some of the overlap symbols so that there will not be overlap in transient period.  To puncture the symbol is a simpler solution to avoid exceeding the maximum power, while degradation is applied to all the channels. Also a new PUCCH might be introduced as the first or last symbol of PUCCH might be punctured and the orthogonality between legacy and the punctured one might not hold. For power reallocation, some of the channel can be transmitted with whole subframe, while retuning/calculation power within transient period is needed. Considering keeping the impact on performance minimized and also the specification change is not so significant, we prefer to reallocate the power within the transient period.
Proposal 1: For partial overlap case, power allocation follows PUCCH->PUSCH with UCI->PUSCH as defined in Rel-10 during transient period.
Partial overlap between RACH on SCell and PUCCH/PUSCH
 For RACH and PUCCH/PUSCH, there can be two cases. The first case is that the PRACH is the last subframe of preamble transmission. In such case, as there is gap period at the end of preamble to guarantee the maximum RTT for a cell, the maximum overlap period is 30 us (assuming the gap period is fully utilized so that the next subframe is transmitted directly after the last preamble) contributed by the assumed timing difference between two UL cell. However, it can be questioned that whether supporting this maximum TA value case for a CA UE with multiple TA is necessary. If this is not considered as practical scenario, there will be no partial overlap for the last subframe of PRACH with other channels.
Proposal 2: Clarify if UE with maximum TA value configured with UL interband CA is meaningful so that partial overlap between the last subframe of PRACH and other channel is possible and needs to be solved.

    The second case for partial overlap between PRACH and PUCCH/PUSCH is that the PRACH is not the last subframe of preamble transmission. As RAN1 has agreed to prioritize PRACH power for full overlap case, we think same method can be applied here.
Proposal 3: For partial overlap between PRACH (not the last subframe) and PUCCH/PUSCH, PRACH has higher priority to allocate power.
3. Conclusion

In this contribution, the issues related to power control for multiple TAs are discussed. Given the response for RAN4, we have the following proposals to finalize the issues:
Proposal 1: For partial overlap case, power allocation follows PUCCH->PUSCH with UCI->PUSCH as defined in Rel-10 during transient period.

Proposal 2: Clarify if UE with maximum TA value configured with UL interband CA is meaningful so that partial overlap between the last subframe of PRACH and other channel is possible and needs to be solved.

Proposal 3: For partial overlap between PRACH (not the last subframe) and PUCCH/PUSCH, PRACH has higher priority to allocate power.
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