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1. Introduction

During on-line and offline discussion in RAN1#59bis meeting, there are some progresses regarding the power control in LTE-A [1]. For TPC command carried with PDCCH grant, it would be applied to the corresponding carrier as that in LTE. However, it is still open how to DCI format 3/3A to the corresponding carrier. Besides, how to apply multiple TPC command on the same carrier is also under study. Power headroom report was agreed to be CC-specific, since concurrent transmission of PUSCH and PUCCH is supported in LTE-A, how to take PUCCH power into account when computing power head room report also needs some consideration. PUCCH, if presented, is prioritized over PUSCH when scaling down power due to maximum power limit. Whether to prioritize some types of PUSCH over the rest of them needs to be decided.
In this contribution, we discuss the open issues mentioned above and show our preference respectively.
2. Discussion 

TPC commands on DCI format 3/3A 

    For PUCCH power control, since we haven’t conclude whether to support multi-carrier PUCCHs, it is hard to judge whether we should support feature more than what we have in LTE. Therefore, decision should be made after PUCCH resource allocation is concluded. Here we focus on PUSCH power control.

    During the discussion, we can almost conclude that LTE functionality is not sufficient. The TPC command carried on DCI format 3/3A should be able to map on the UL carrier other than the one paired with the one receiving the TPC. Otherwise SPS transmission will be confined to a certain UL CC, which is not desired. Therefore, assigning cross-carrier TPC command should be supported. Possible candidates are:

· Alt 1: One TPC resource per UE. The mapping between index and uplink carrier is known by Rel-10 UE and may be changed.
· Alt 2: Multiple TPC resources per UE. Each resource is associated to one carrier
    Here a TPC resource is referred to a pair of TPC RNTI and index. Since both alternatives is not backward compactable to LTE and specification effort is needed, we have slight preference for alternative 2, given it is more simple and flexible. As mentioned in the previous discussion, the same power adjustment for eNB as LTE can be reused in LTE-A between carriers for several usages, ex. SPS, non-adaptive retransmission, SRS or quick power adjustment. Such functionality can be turn on or turn off by eNB on a per CC basis depending on whether TPC resource for the carrier is configured or not.
Proposal 1:
There may be multiple TPC resources per UE. Each resource is associated to one carrier

· The application of TPC via DCI format 3/3A can be turn on per carrier by configuration.

Power headroom report
    As mentioned in the introduction, the power which can be utilized by PUSCH is affected by the power status of PUCCH given that we allow concurrent transmission on PUSCH and PUCCH in a carrier. We can simply change the format for PHR, i.e. always including one PH value for PUSCH and another for PUCCH (maybe PUSCH+PUCCH), since the size of PHR report is quite compact and overhead is not a major concern. If a single PH value is preferred per PHR, higher layer configuration is desired for UE to determine which value to be sent. Please note that the PH value should be decoupled from the actual transmission happened in the subframe when PHR is reported, i.e. even though PUCCH is not transmitted in the subframe, some presumed conditions can be applied to calculate the transmission power as well as the PH value with PUCCH. Since the uncertain terms eNB really cares are TPC commands and path loss estimation, the format of PUCCH doesn’t matter. More generally, the same assumption can be made for PUSCH. The PHR report for PUSCH on UL carrier 1 can be transmitted on UL carrier 2 even if UE doesn’t have grant allocated on carrier 1, ex. by assuming 0 RB resource allocation. This can be beneficial considering the delay or reliability on the carrier the PHR is for. Moreover, the power allocation may be related to each other since we have a joint maximum transmission power per UE and the knowledge of PHR on single carrier may not be enough for eNB scheduling.
Proposal 2:

Power headroom values are reported individually on a per-channel basis

· The content of PHR is decoupled from the actual transmission in the same TTI.

Maximum transmission power handling
    It is nature to prioritize the PUSCH containing UCI over others to guarantee the reliability of UCI as what we already do for PUCCH. To support this, how UCI is multiplexed into carriers should also be considered if we agree to support UCI on multiple UL carriers as mentioned in [2]. For simplicity and reliability, only allowing multiplexing of UCIs onto one single carrier is desired. This is of course always true even if we rule out UCIs on multiple carriers later.
Another question is whether this kind of prioritization can be applied to other types of PUSCH, ex. those with higher QoS data or higher layer control signalling which also requires higher reliability. Basically we think this kind of prioritization is quite helpful since it’s possible to reduce the power on some of the carriers down to zero in power limited cases. Choosing part of the payload to be free or suffering less from the power limitation at least forbids all the payloads missed and heavy loading for retransmission due to equally sharing power between PUSCHs among carriers. The key point here is that PHY is agnostic to the content it carries in LTE since we have single carrier transmission without the need to differentiate among carriers. MAC layer is at the best position to handle it and so far multiplexing data for multiple carriers seems to be open in RAN2’s discussion. We should first leave the discussion in RAN2 and if later it is agreed to have some kind of sequence when multiplexing data into carriers instead of uniformly distribution among carriers, we can move further on this topic. Indications from higher layer may be needed to support the prioritization between PUSCHs.

Proposal 3:
PUSCH with UCI is prioritized over other PUSCHs as PUCCH does.
· Only allowing multiplexing UCI(s) onto one single carrier.

· Prioritization of other types of data is helpful for power-limited cases. Details should be studied after confirmation from RAN2.

3. Conclusion

    In this contribution we discuss some open issues in power control and propose the following:

Proposal 1:

There may be multiple TPC resources per UE. Each resource is associated to one carrier

· The application of TPC via DCI format 3/3A can be turn on per carrier by configuration.

Proposal 2:

Power headroom values are reported individually on per-channel basis

· The content of PHR is decoupled from the actual transmission in the same TTI.

Proposal 3:

PUSCH with UCI is prioritized over other PUSCHs as PUCCH does.

· Only allowing multiplexing UCI(s) onto one single carrier.

· Prioritization of other types of data is helpful for power-limited cases. Details should be studied after confirmation from RAN2.
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