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1 Introduction
In RAN1#74 meeting, regarding the issue of UL power control, it was agreed [1] that
· In UL, 
· Up to two sets of subframes will be UE-specifically signaled per serving cell
· A potential UL subframe will belong to one of the above mentioned sets

· Up to two sets of open-loop power control parameters (Po and alpha) are defined

· These parameters are applicable to PUSCH and SRS channels

· TPC commands are accumulated separately for each subframe set
· FFS on
· whether the subframe set is signaled in semi-static or dynamic manner
· details of how to determine the parameters of each PUSCH and SRS transmission 
· whether to enlarge TPC steps assuming the same number of TPC bits as in current specification
· PHR operation
In this contribution, potential issues of power headroom (PH) reporting in eIMTA are identified and discussed. The problems occur due to the decision of separate configuration for open/closed-loop power control parameters per subframe set.
2 Discussion
In RAN1#73 meeting [2], it has been agreed that the open-loop power control parameters P0 and alpha are separately configured for each subframe set. In RAN1#74 meeting [1], it was further agreed that closed-loop TPC commands are separately accumulated for each subframe set. Therefore, given the same scheduling assignment, the PHs values of different subframe sets can have large difference.
Table 1 An example for eIMTA power control configuration
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Observation 1: Given the same scheduling assignment, the PH values of different subframe sets can have large difference.
After triggered, PH reports (PHRs) are transmitted at a subframe when the UE has UL resources allocated for new transmission, and the allocated UL resources can accommodate a PHR MAC (or an extended PHR MAC) control element plus its sub-header as a result of logical channel prioritization. 
PH shall be estimated over 1 subframe, and there is no reporting delay (i.e., the time between the beginning of the PH reference period and the time when the UE starts transmitting the PH over the radio interface). That is, PHs are estimated and transmitted at the same subframe. 
In TD-LTE, subframe 2 is the only fixed UL subframe, and subframes 3, 4, 7, 8, 9 are flexible subframes. If the network configures subframes {2} and {3, 4, 7, 8, 9} as the first and second subframe sets, respectively, then the occurrence of PHRs for the first subframe set would be much less frequent than the PHRs of the second subframe set. The consequence is that the serving eNB may have outdated PH information when scheduling the first subframe set.
Observation 2: PH reporting in eIMTA has the following two properties:

· If PHs are to be transmitted at subframe i, only the PH of the subframe set to which subframe i belongs can be obtained. 
· The number of subframe of each subframe sets are unevenly distributed. 
If eNB can infer the PH of one subframe set from the PH of the other subframe set, then uneven distribution of PHs of subframe sets is not a serious problem. However, this is difficult due to not knowing the exact value of pathloss and potential TPC error, more details in [3]. 
Observation 3: It is difficult for the network to infer the PH of one subframe set from the PH of the other.
Therefore, we have following proposals for PHR of eIMTA. 

Proposal 1: If the PH reporting procedure determines that at least one PHR has been triggered, PHRs of all subframe sets are triggered and will be reported.
To fulfil the above proposal, there are at least three methods. 
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Figure 1: Illustration of Method (a)
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Figure 2: Illustration of Method (b)
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Figure 3: Illustration of Method (c)

Proposal 2: Considering the following three methods of PHR:
· Method (a): If PHR is triggered, for each subframe set, real PH is obtained at corresponding subframe. PHR is transmitted when both PHs are obtained.
· Method (b): If PHR is triggered, for each subframe set, real PH is obtained and separate PHR is transmitted at next corresponding subframe.
· Method (c): If PHR is triggered, for each subframe set, either real or virtual PH is obtained at next uplink subframe. PHR is also transmitted at the same subframe.
See Figures 1, 2, and 3 for illustrations of Methods (a), (b), and (c) respectively. Assume the network configure two subframe sets: {2} for subframe set 1, and {3, 4, 7, 8, 9} for subframe set 2, and PHRs are triggered at subframe 5 of frame n. 

If Method (a) is adopted, PHs of subframe sets 1 and 2 are obtained at subframe 8 of frame n and subframe 2 of frame n+1, respectively. At the latter subframe, since PHs of both subframe sets are available, the UE sends PHRs of both subframe sets at that subframe. In Method (b), PH of subframe set 2 is obtained and reported at subframe 8 of frame n; PH of subframe set 1 is obtained and reported at subframe 2 of frame n+1. In Method (c), real PH of subframe set 2 is obtained and reported at subframe 8 along with the virtual PH of subframe 1.
3 Conclusion 
In this contribution, we discussed the issues of PH reporting in eIMTA. The problem occurs due to the RAN1 agreement of separate TPC commands and configuration of open-loop power control parameters in different subframe sets. We had the following observations and proposals:
Observation 1: Given the same scheduling assignment, the PH values of different subframe sets can have large difference.
Observation 2: PH reporting in eIMTA has the following two properties:

· If PHs are to be transmitted at subframe i, only the PH of the subframe set to which subframe i belongs can be obtained. 
· The number of subframe of each subframe sets are unevenly distributed
Observation 3: It is difficult for the network to infer the PH of one subframe set from the PH of the other.

Proposal 1: If the PH reporting procedure determines that at least one PHR has been triggered, PHRs of all subframe sets are triggered and will be reported.

Proposal 2: Considering the following three methods of PHR:

· Method (a): If PHR is triggered, for each subframe set, real PH is obtained at corresponding subframe. PHR is transmitted when both PHs are obtained.

· Method (b): If PHR is triggered, for each subframe set, real PH is obtained and separate PHR is transmitted at next corresponding subframe.

· Method (c): If PHR is triggered, for each subframe set, either real or virtual PH is obtained at next uplink subframe. PHR is also transmitted at the same subframe.
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