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1 Introduction

In RAN1 #74 meeting, the following agreements were made [1].
Agreements:
· 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, we discuss signaling on closed loop power control for TDD eIMTA. This paper also provides PHR operation for different subframe sets.

2 Whether to enlarge TPC steps
In RAN1 #74 meeting, it was agreed that TPC commands are accumulated separately for each subframe set and it was assumed that the number of TPC bits is the same as in current specification. But whether to enlarge the TPC steps in TPC command field is for further study.

It is natural that the legacy accumulated TPC values {-1, 0, 1, 3} in the TPC command field can be applied at least to the fixed subframe set since the interference type is the same as legacy system. Whether it is sufficient to apply the legacy accumulated TPC values also to the set of flexible subframes or whether needs to enlarge TPC steps for flexible subframes should be studied further. From the performance point of view, if significant benefit can be shown, enlarged TPC steps could be introduced for flexible subframe set. Otherwise, it is not necessary to change the accumulated TPC values with enlarged TPC values for flexible subframe set. 
On the other hand, if enlarged TPC steps are introduced, two tables should be specified in the specification for different subframe sets since the legacy accumulated TPC values should be kept for fixed subframe set and legacy UEs. There is some more standard impact to define UE’s behavior especially for UL-DL configuration 0 when a UE receives a TPC command from one downlink subframe, but the downlink subframe corresponds to two uplink subframes simultaneously and these two uplink subframes may belong to two different subframe sets. In this case, if two sets of TPC steps are defined, it will be more difficult to resolve how to map one TPC command to two UL subframes, and each of these subframes will use different set of TPC steps.
Based on the analysis above, we have the proposal:
Proposal 1: The same accumulated TPC values as Rel-8 are adopted for the subframe set which does not suffer cross-link interference. Enlarged TPC steps can be considered for flexible subframe set, if significant benefit can be observed.

3 TPC commands for different subframe sets
It has been agreed that TPC commands are accumulated separately for each subframe set. But based on the legacy signaling design, the TPC commands received currently by a UE do not indicate which subframe set it should be applied to. 
For configuration 0, one TPC command can be related to more than one uplink subframe. It is obvious that one common TPC command field in DCI 0/4 or 3/3A cannot control the power of two uplink subframes especially when these two uplink subframes belong to different subframe sets. So it is necessary to solve this issue for configuration 0. 
When TDD UL-DL configuration 0 is configured as UL reference configuration, UE should judge whether the two uplink subframes belong to the same subframe set, when UE receives a TPC command from DCI format 3/3A or 0/4. 

· If the two uplink subframes belong to the same subframe set, then the legacy solution can be reused as in Release 8-11 for TPC command.

· If the two uplink subframes belong to different subframe sets, the following schemes can be considered for configuration 0. 

· For DCI 3/3A, different RNTIs can be allocated to indicate different subframe sets. 
Alternatively, one TPC command is carried by DCI 3/3A as the legacy way, which is only applied to one uplink subframe, and the other uplink subframe will use a predefined TPC value.

In another way, two TPC commands, where the resource assignment for these two TPC commands is signaled by RRC signaling, can be used for one UE respectively for fixed subframe set and flexible subframe set. When two TPC commands are carried in one DL subframe, the relationship between TPC commands and uplink subframes should be defined.

· For DCI 0/4, if only one uplink subframe indicated by UL index is scheduled, the legacy timing can be reused. If two uplink subframes indicated by UL index are scheduled, and these two uplink subframes belong to different subframe sets, it should be further studied whether it should be supported or not. 

Proposal 2: For configuration 0, the issue that TPC command may relate to more than one uplink subframe from different subframe sets should be considered.

For TDD UL-DL configuration 1-6, reusing the legacy solution is a basic choice without additional standard effort. When TDD UL-DL configuration 1-6 is configured as UL reference configuration, according to the timing defined by KPUSCH and Km in [2], if the subframe that the TPC is intended to be used for belongs to subframe set 1, then the TPC value should be applied for the related subframes of subframe set 1, and if the subframe that the TPC is intended to be used for belongs to subframe set 2, then the TPC value should be applied for the related subframes of subframe set 2. This is a simple way for the UE to apply the closed loop power control and calculate the transmit power without any additional effort.

Proposal 3: The legacy timing table can be reused for TDD UL-DL configuration 1-6. 

4 PHR operation
Now there are two subframe sets defined in uplink with different open loop power control parameters and closed loop accumulation, the power headroom value can be very different between the two subframe sets. Whether to report a single PHR or separate PHRs for different subframe sets should be further considered.

· Alternative 1 : Single PHR

One alternative is to report only one single PHR either for fixed subframe set or flexible subframe set. And PHR of the other subframe set is calculated through an offset by the eNB. Since the open-loop power control and closed loop accumulation are separate for different subframe sets, the PHR calculations for fixed subframes and flexible subframes may be quite different. The offset would not expect to be a fixed value. It is not precise to calculate the power headroom value of the other subframe set based on the reported one. Thus it is not preferred to only report one single PHR.
· Alternative 2 : Separate PHRs
Another alternative is to report subframe dependent or subframe set dependent PHR. Separate PHRs for different subframe sets are reported to eNB. eNB can directly obtain both PHRs of two subframe sets without any estimation or calculation. The delay and accuracy can be ensured. Although the overhead will be doubled, it is preferred to report separate PHRs for different subframe sets. The details of trigger mechanism and report may be discussed in RAN2. 
For PHR operation, we propose that:

Proposal 4: Subframe dependent or subframe set dependent PHR is preferred. RAN2 should handle the discussion for the details of trigger mechanism and report.
5 Conclusion

In this contribution, we discuss the power control related issues for TDD eIMTA. Some possible mechanisms and power control parameters are provided based on the type of a subframe and/or type of interference for a subframe.
Based on the above discussion, we have the following proposal and observations:

Proposal 1: The same accumulated TPC values as Rel-8 are adopted for the subframe set which does not suffer cross-link interference. Enlarged TPC steps can be considered for flexible subframe set, if significant benefit can be observed.

Proposal 2: For configuration 0, the issue that TPC command may relate to more than one uplink subframe from different subframe sets should be considered.

Proposal 3: The legacy timing table can be reused for TDD UL-DL configuration 1-6.

Proposal 4: Subframe dependent or subframe set dependent PHR is preferred. RAN2 should handle the discussion for the details of trigger mechanism and report.
References
[1] Chairman’s Notes RAN1 #74 - final.
[2] 3GPP TS36.213 “Physical layer procedures”



















































































































































































































































