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1 Introduction

In RAN1#75, the following agreements and working assumptions were made regarding UL power control for eIMTA.

Agreements:
· P0 and alpha configuration for the two subframe sets is via RRC signaling

· 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

Working assumptions:

· 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
This contribution considers the following aspects:
· SRS power control

· TPC timing for TDD UL-DL configuration 0

· PHR
· TPC commands by DCI Formats 3/3A

· Support of non-adaptive retransmissions

A companion contribution [1] considers the above working assumptions.
2 Remaining Aspects for UL Power Control in eIMTA
2.1 SRS Power Control 
A-SRS power control can follow the UL power control process associated with the subframe of its transmission. This association can be either by RRC signaling or by dynamic signaling. In case of dynamic signaling, the UL power control process can be indicated by the DCI format (e.g. using 1 bit from the 3 bits of the CS and OCC index field in an UL DCI format or always using the second UL power control process if triggering is by a DL DCI format in any subframe other than #2 considering that A-SRS would be primarily needed to capture DL interference). In case of RRC signaling, the UL power control process is determined by the UL subframe set (the first/second UL power control process is used for a SRS transmission in an UL subframe of the first/second subframe set).
In a subframe that is an UL one in the DL HARQ reference configuration, P-SRS power control can be as in Rel-11 even if there is dominant DL interference. The reasons are similar to the ones for using only the legacy UL power control for PUCCH transmissions (e.g. P-SRS transmissions cannot adjust to DL/UL interference switching, impact to legacy UEs and in-band emissions can be substantial if large P-SRS transmission power is used) [1]. However, since SRS can benefit both DL and UL scheduling and since it is beneficial to obtain channel sounding without relying on A-SRS triggering (not all UEs can have timely A-SRS triggering before scheduled PDSCH/PUSCH transmissions in eIMTA), P-SRS transmission in an UL flexible subframe should be supported [2]. The UL power control process can also be configured and the network can make the corresponding selection.

Proposal 1: The UL power control process for an A-SRS transmission in an UL flexible TTI is determined from the associated DCI format. The UL power control process for a P-SRS transmission in an UL flexible TTI is configured by RRC signaling.
2.2 TPC Timing for TDD UL-DL Configuration 0
For TDD UL-DL configuration 0 a problem occurs when a single UL DCI format schedules PUSCH transmissions in two subframes that are associated with different UL PC processes as the UL DCI format provides only a single TPC command. It is noted that there is no problem when a single UL DCI format schedules PUSCH transmissions in two subframes that are associated with a same UL PC process as the conventional operation applies. It is also noted that in case the TPC commands are joined for the two subframe sets associated with the two UL power control processes, there is no problem with TDD UL-DL configuration 0.
TDD UL-DL configuration 0 is unlikely to be an adapted configuration. Moreover, when TDD UL-DL configuration 0 can be used for adaptation, the similar UL-heavy TDD UL-DL configuration 6 can also be used for adaptation. Therefore, optimizing UL power control for TDD UL-DL configuration 0 is not necessary.

Even if TDD UL-DL configuration 0 is an adapted configuration and the two subframes are associated with different UL power control processes, the problem arising from having to schedule PUSCH to a UE over the two subframes can be avoided by the scheduler. A UE can still be scheduled PUSCH over two subframes by two respective PDCCHs. 
Therefore, given the marginality of the case where TDD UL-DL configuration 0 is an adapted configuration and a single UL DCI format schedules PUSCH transmissions in two subframes associated with different UL power processes, it is preferable in this case to leave the UE behavior undefined. 

Proposal 2: UE behavior in case a single DCI format schedules PUSCH transmission in two subframes associated with different UL power control processes is not defined.
2.3 PHR
Assuming that PUCCH is transmitted using only a first UL power control process, separate type-2 PHRs for subframes associated with a the first UL PC process and the second UL PC process are not needed and the issue reduces to whether separate type-1 PHRs are needed.

If TPC commands are jointly considered for the two UL power control processes, separate type-1 PHRs are not needed. If TPC commands are separately considered for the two UL power control processes, missed PDCCHs for each subframe set can lead to different understanding at a NodeB and a UE for the respective PHRs. It has been argued that based on the PHR for a subframe in the first set of subframes and from the difference in the received power for signals transmitted in different sets of subframes (e.g. DMRS or SRS), a NodeB can determine the PHR for the second subframe set. It is noted that a NodeB can be already expected to measure received power based on SRS and with a reasonable number of averaged measurements the impact of interference difference can be sufficiently suppressed. 

An additional aspect is the treatment of the accumulated TPC commands at the end of the adaptation period of a TDD UL-DL configuration. If TPC commands in each subframe set (in case of separate accumulation) track only the channel variations and considering a slowly varying channel (low speed UEs) that can be captured by the separate closed-loop power control loops, there is little difference between the two separate accumulation and it is better in this case to have a joint accumulation. If TPC commands in each subframe set are also intended to adjust interference variations, the accumulated TPC commands over subframes in the first set of subframes can be substantially different than accumulated TPC commands over subframes in the second set of subframes. Moreover, it is preferable to set the value of the closed loop power control for the second UL power control process to be same as the value of the closed loop power control for the first UL power control process as the interference in flexible subframes during a new TDD UL-DL configuration may not be strongly correlated with the interference in flexible subframes prior to the new TDD UL-DL configuration. In such case, a separate type-1 PHR for the second set of subframes is not needed.
Observation 1: For the set of subframes associated with the second UL power control process, a type-2 PHR is not needed while a type-1 PHR may also be avoided.
2.4 TPC Commands by DCI Formats 3/3A
For eIMTA operating with two UL power control processes, it may be considered that DCI Formats 3/3A need to provide TPC commands for each process. However, as DCI Formats 3/3A intend to adjust a transmission power of periodic UL signaling that is not associated with a PDCCH, such as SPS PUSCH or PUCCH conveying UCI other than HARQ-ACK that is in response to PDCCH detections, and as such periodic signaling needs to use the first UL power control process, there is no apparent need to provide additional TPC commands by DCI Formats 3/3A for the second UL power control process, particularly in case it is semi-statically associated with UL subframes. 
Observation 2: DCI Formats 3/3A do not need to provide TPC commands for the second UL power control process.

2.5 Support of Non-Adaptive Retransmissions
An initial transmission of a transport block (TB) in a PUSCH can be in a subframe using the first UL power control process and a non-adaptive retransmission can be in a subframe using the second UL power control process (or the reverse). Reception reliability issues can then occur if the operating BLER is different (for example, in UL subframes where a UE experiences DL-dominant interference, the BLER can be significantly higher than in a subframe where a UE experiences UL-dominant interference) or if the UE operates near its maximum transmission power with the second UL power control process. For the PDSCH, the reverse condition can occur but the adaptive retransmissions can account for the improved interference conditions in a subframe where a UE experiences UL-dominant interference.
In order to provide effective HARQ combining and reliable reception for PUSCH retransmissions without requiring excessive increase in the transmission power when using the second UL power control process, a UE can be configured to apply an offset to the data MCS in a PUSCH retransmission if it is in a subframe of a different set than the subframe of the initial PUSCH transmission for the same data transport block. The data MCS offset can be added (or subtracted) from the MCS assigned by the DCI format scheduling the initial PUSCH transmission if the initial transmission is in a subframe in the second set of subframes (or first set of subframes) and the non-adaptive retransmission is in a subframe in the first set of subframes (or second set of subframes). This can enable each transmission to have similar BLER for efficient HARQ combining, utilize existing scheduler strategies without having to redefine the scheduler for eIMTA operation, and avoid relying on excessive increase in the UL transmission power in order to achieve similar BLER.

Proposal 3: A UE is configured an MCS offset to apply to a non-adaptive PUSCH retransmission in a subframe of a different set of subframes than the subframe of the initial PUSCH transmission for the same data TB.

3 Conclusions

This contribution considered remaining issues for UL power control in eIMTA. In particular, the following are proposed:

Proposal 1: The UL power control process for an A-SRS transmission in an UL flexible TTI is determined from the associated DCI format. The UL power control process for a P-SRS transmission in an UL flexible TTI is configured by RRC signaling.

Proposal 2: UE behavior in case a single DCI format schedules PUSCH transmission in two subframes associated with different UL power control processes is not defined.
Proposal 3: A UE is configured an MCS offset to apply to a non-adaptive PUSCH retransmission in a subframe of a different set of subframes than the subframe of the initial PUSCH transmission for the same data TB.

Additionally, the following are observed:

Observation 1: For the set of subframes associated with the second UL power control process, a type-2 PHR is not needed while a type-1 PHR may also be avoided.

Observation 2: DCI Formats 3/3A do not need to provide TPC commands for the second UL power control process.
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