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1 Introduction
For UL power control (ULPC) for TDD eIMTA, the following agreements were achieved in RAN1 #75 [1]:
· P0 and alpha configuration for the two subframe sets is via RRC signalling
· For power control command step size, no change relative to Rel-11
· FFS PHR related issues till RAN1#76, especially regarding whether current PHR mechanism can have PHR reports for the two subframe sets
· FFS till RAN1#76, including at least the following issues:
· Application of power control commands
· Alt 1: separate power control commands only
· Alt 2: configurable between separate and joint power control commands
· TPC timing issues, if any, for configuration #0
· SRS power control related issues
In addition, the following working assumption was made:
· The association of (P0, alpha) with a UL subframe is separately configured via RRC
· For PUCCH PC, no enhancements (including both over-the-air and backhaul enhancements) relative to Rel-11 

Following RAN1#75, there was an email discussion on PHR, summarized in [2]. In this contribution we further discuss the issue of PHR for two UL subframe sets. 
2 PHR for two UL subframe sets
2.1 PH calculation for two UL subframe sets
Since it was agreed that different open-loop power control parameters are applied for different UL subframe sets and TPC commands are accumulated separately for each subframe set, the PH values for different UL subframe sets should be different. In [3], it was proposed to derive the PH for one subframe set form the PH for another subfram set. In order to do so, the eNB needs to have the path loss information and the CLPC accumulation.
· Path loss can be estimated based on RSRP report. However, this would require the UE to send RSRP report quite frequently, which consumes resources.
· The eNB could accumulate TPC command for each UE. Other than the additional complexity, it is not accurate due to the following reasons:
· There is certain range of power level tolerance at the UE implementation when adjusting power based on TPC command. So there would be some difference between the accumulated TPC at the eNB and the UE.
· There could be missed detection of TPC command.
· TPC is not accumulated at the UE when UE reaches the maximum or minimum power.
Based on above analyses, we found that it is difficult to infer the PH values for one set from another set, which means that there would be a need to separate PHRs for the two subframe sets. 

Observation 1: Independent PHRs are necessary for the two UL SF sets.  
2.2 Enhancement of PHRs for two UL subframe sets  
PHR measurement is based on the subframe in which PHR is sent. So depending on which subframe set it belongs to, the UE could report PHR corresponding to one of the two subframe set. However, it is very difficult for eNB to control the UE to send PHR for a particular subframe set, so in reality the eNB may not be able to obtain PH information for the two sets. Therefore, in the following section, we propose some solutions for PHR enhancement. 
The potential triggers for PHR are: 
· Change in path-loss
· Elapsed time since the last PHR. 
Since the path-loss is independent of the subframe set, it would be possible to use a single PHR trigger for both subframe sets. We consider the following proposals for reporting PHRs for two subframe sets:
Alt1: A single trigger is maintained, and UE reports the PHR of each subframe set in the first subframe of the corresponding set in which a new PUSCH transmission occurs after the trigger. Thus after each trigger, two different subframes would contain a PHR. However, currently the timers periodicPHR-Timer and prohibitPHR-Timer are reset when PHR is sent. Given that two PHRs would be sent in different subframes, new procedure would need to be defined for resetting the timers to share the same trigger.  
[bookmark: _GoBack]Alt2: Triggers are maintained independently for the PHRs for the two subframe sets, and UE reports two PHRs for two sets independently. For each set, the PHR procedure follows what is defined in the existing specifications. This is a natural way to address the issue of resetting the timers in Alt 1.  
Alt3: A single trigger is maintained, and UE reports both PHRs in the first subframe of either set in which a new PUSCH transmission occurs after the trigger. The PHR for the subframe set to which the subframe containing the PHRs belongs could be calculated based on the real UL transmission in that subframe; the PHR for the other subframe set could be calculated based on a reference format.

Maintaining a single trigger would simplify the process, and reusing the PHR calculation based on a reference format is a reasonable approach. Providing both PHRs in the first subframe of either set also has the benefit of shortened feedback delay. Therefore Alt3 is preferable.

Proposal 1: A single PHR trigger is used for both PHRs for the two UL SF sets.  
Proposal 2: When PHR is triggered, both PHRs are sent for the two UL SF sets in the same subframe. The PHR for the subframe set to which the subframe containing the PHR transmission belongs is calculated based on the real UL transmission in that subframe; the PHR for the other subframe set is calculated based on a reference format.  

A modification to the MAC header would be required to support the inclusion of two PHRs per cell in one MAC header. The identification of which PHR in the MAC header corresponded to which subframe set could be handled implicitly, for example by associating the first PHR in the header with the subframe set in which the PHR is transmitted and the second with the other subframe set. (Note that if a HARQ retransmission is required for the PUSCH transmission containing the PHRs, the retransmission of the PHRs may happen on the other SF set different from that of the initial transmission of the PHRs, due to the fact that the UL retransmission RTT is not 10ms for configurations 0 and 6 in TDD system; however, the identification of which subframe set each PHR relates to would remain according to the initial transmission.) 
3 TPC timing issue for configuration 0
For TDD UL-DL configuration 0 in the current specification, if both the UL SF n+k and n+7 are scheduled, the close-loop power control of the PUSCH on these two SFs share the same TPC command in an UL DCI 0/4. However, to support eIMTA, the co-scheduled two SFs may be on different UL power control sets due to different interference level on them. According to the agreement that TPC commands are accumulated separately for each subframe set, new schemes to provide different TPC commands for the co-scheduled two UF SFs should be considered for TDD configuration 0 in eIMTA. 
Observation 2: Different TPC commands for the co-scheduled two UF SFs should be considered for TDD configuration 0 in eIMTA.
For the abovementioned problem, the possible solutions are given below: 
Alt1: Separate the 2-bit TPC command to two 1-bit TPC commands for PUSCH of SF n+k and n+7, respectively. The step of power adjustment could be pre-determined by for example ‘0’ for -1dB and ‘1’for 1dB, or be signaled by higher layer signaling. 
Alt2: Divide the 2-bit TPC command field into two fields. One field is a 1-bit TPC command field and the other field is a 1-bit UL SF indicator field. The configuration of the 1-bit TPC is the same as in Alt1, while the 1-bit UL SF indicator field is use to indicated the 1-bit TPC command field is for which UL SF, e.g. ‘0’ for the UL SF n+k and ‘1’ for the UL SF n+7. One of the advantages of this solution over Alt1 is that it provides a state with no TPC change for the other co-scheduled SF.
Alt3: TDM transmissions of the TPC commands for the PUSCH of the co-scheduled UL SFs, e.g. at a frame level

Among the above three alternatives, Alt1 is effcient in terms that it provides TPC for two subframes simultaneously, and the step of the power adjustment could be configured flexibly. Alt2 has the advantage that the eNB does not need to send TPC commands for both subframes, especially when one of them is not scheduled. Thus we propose 
Proposal 3: For close-loop power control of the co-scheduled UL SFs for TDD configuration 0 in eIMTA, adopt one of the following alternatives:
· Alt 1: Separate the 2-bit TPC command to two 1-bit TPC commands for PUSCH of SF n+k and n+7, respectively.
· Alt 2: Divide the 2-bit TPC command field into two fields, one bit for TPC command and the other bit for UL SF indication.

4 Summary
In this contribution, we have discussed the signalling mechanisms for the ULPC subframe pattern and PHR issues. The following are proposed: 
Observation 1: Independent PHRs are necessary for the two UL SF sets.  
Proposal 1: A single PHR trigger is used for both PHRs for the two UL SF sets.  
Proposal 2: When PHR is triggered, both PHRs are sent for the two UL SF sets in the same subframe. The PHR for the subframe set to which the subframe containing the PHR transmission belongs is calculated based on the real UL transmission in that subframe; the PHR for the other subframe set is calculated based on a reference format.  
Observation 2: Different TPC commands for the co-scheduled two UF SFs should be considered for TDD configuration 0 in eIMTA.
Proposal 3: For close-loop power control of the co-scheduled UL SFs for TDD configuration 0 in eIMTA, adopt one of the following alternatives:
· Alt 1: Separate the 2-bit TPC command to two 1-bit TPC commands for PUSCH of SF n+k and n+7, respectively.
· Alt 2: Divide the 2-bit TPC command field into two fields, one bit for TPC command and the other bit for UL SF indication.
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