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1 Introduction
At the RAN1#75 meeting, the UL power control enhancements to facilitate DL-UL interference mitigation techniques in LTE-TDD systems with the dynamic UL/DL reconfiguration were discussed. The RAN1 WG has made the following agreements [1]:

· 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
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 

In this contribution, we continue discussion on the remaining details of UL PC for DL-UL interference mitigation in LTE-TDD systems with dynamic UL/DL reconfiguration.
2 On Association of UL PC Parameters and Subframe Sets
At the RAN1#75 meeting, it was agreed that open-loop power control parameters (P0 and alpha) for the two UL PC subframe sets are configured via RRC signaling. In addition, there was a discussion on how to associate two UL PC subframe sets with two sets of open loop PC parameters (P0 and alpha). In particular, whether dynamic signaling/indication or semi-static RRC signaling should be defined.
In terms of UL PC, the main motivation to divide SIB1 UL subframes into two sets is to differentiate UL subframes based on the potential presence of different interference types. For instance, UL subframes affected by UL inter-cell interference only (i.e. static UL subframes) may be differentiated from the UL subframes that experience both interference types UL inter-cell interference and DL-UL interference. In a given eIMTA capable cell, the decision on whether to assign particular UL subframe to one of the subframe sets depends on whether the neighboring coupled cells use this subframe for DL transmission direction and whether substantial coupling is observed among neighboring cells. 

Our system level study, presented in contributions [2]-[4], has shown negligible performance benefits (both UE power consumption and packet throughput) from introduction of the dynamic indication of the UL power control parameters to be used at the particular subframe. The dynamic ULPC may potentially provide UE energy saving benefits, but those can be achieved only in systems with ideal backhaul, where cells perfectly know the UL/DL configuration to be used by its neighbors and thus may indicate appropriate ULPC settings (i.e. reduce UE transmit power if no DL-UL interference is expected). At the same time, the benefits in energy saving depend on the coupling among cells. If coupling is strong, then instead of significant increase of UE transmit power, it is more advantageous to apply cell clustering based interference management and avoid transmission at the high TX power level to reduce UE power consumption. At the same time when coupling among cells is not significant, then increased UE TX power can be used at subframes impacted by DL-UL interference, however in this case the total TX power is relatively small so that it is masked by power consumption caused by TX/RX signal processing. 
On the other hand in systems with non-ideal backhaul the dynamic indication of ULPC cannot be applied, since the dynamic UL/DL configuration is not known. The intended UL/DL configuration that can be exchanged over X2 interface does not guarantee that this configuration will be actually applied, unless sophisticated DL-UL interference management is not implemented. The failure to use the intended UL/DL configuration as an actual one may result in failure to correctly receive UL transmission and thus cause retransmissions, negatively affecting UE power consumption.
Our previous analysis has also shown that ULPC based on two ULPC parameters applied to different ULPC subframe sets is advantageous in Macro-Pico adjacent channel scenario to handle adjacent channel DL-UL interference from Macro cells. The DL transmission in Macro cells often affects the UL reception in Pico cells even if transmissions occur in adjacent channel. The Macro cells are not supposed to change the UL/DL configuration and thus the interference injected from the adjacent channel has semi-static nature and always presents on the subframes used by Macro cells for DL transmission (at least due to CRS transmission).

Based on these arguments, we propose to define RRC signaling for both configuration of two sets of open loop ULPC parameters and for semi-static association of these parameters with two UL subframe sets.
· Confirm RRC signaling for association of two ULPC parameter sets (P0 and alpha) with two semi-statically configured ULPC subframe sets.

· Two non-overlapped ULPC subframes sets are semi-statically configured from the set of SIB1 UL subframes.
· Each ULPC subframe set is associated with one set of open loop ULPC parameters.
· The RRC signaling details are defined by RAN2 WG.

3 On PUCCH ULPC Enhancements
The PUCCH uplink power control cannot be enhanced for legacy UEs operating based on the previous LTE releases. If legacy UE is served in eIMTA capable network, the proper eNB implementation should take care about potential DL-UL interference and either avoid configuring PUCCH transmissions in flexible subframes, increase PUCCH transmission power settings by adjusting cell specific parameter P0,PUCCH or make sure that there will be no DL-UL interference through inter-cell interference coordination mechanisms. For eIMTA capable UEs, the PUCCH ACK/NACK transmission shall happen on static UL subframes according to the agreed HARQ timing operation, which are supposed to be safe from the DL-UL interference perspective. However, in general case, the DL reference HARQ timing configurations used by coupled and serving cells may be different. If that the case, then there may be potential problem. It means that although, the PUCCH is transmitted on static subframes from the serving cell perspective, some of the static UL subframes can suffer from the DL-UL interference (see Figure 1). In order to avoid this problem, it is desirable to align the subset of SIB1 UL subframes that can dynamically change transmission direction among cells. Such alignment may be done in explicit way by configuring the network operational parameters. The eNB can also conduct interference measurements, detecting UL subframes that suffer from DL-UL interference and then select appropriate DL HARQ timing reference configuration. Alternatively, the backhaul signaling may be defined in order to exchange information about the set of SIB-1 UL subframes that can change transmission direction. In our view, the latter approach is more straightforward and can be applied in practical systems for enhanced interference management.
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Figure 1: Illustration of different DL reference HARQ timing configurations.

· For enhanced interference management and traffic adaptation it is beneficial to exchange information on the subset of SIB1 UL subframes that may change transmission direction.
· Confirm working assumption that no PUCCH enhancements is introduced in physical layer specifications.

4 Power Headroom Reporting
The power headroom reporting (PHR) procedure provides the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission. The PHR report is generated for UL subframe where PUSCH transmission is scheduled. Therefore, UL subframe carrying PHR report can implicitly indicate the ULPC subframe set for which PHR is reported. The eNB may control it by scheduling UL PUSCH transmissions in different ULPC subframe sets, although this may be complicated since PHR is triggered by higher layers.
However, it needs to be further discussed whether UE should calculate and report two PHRs or single PHR report for one of the ULPC subframe sets is sufficient. In our view, sending two PHRs may be redundant since eNB can derive the PHR value for the second ULPC subframe set, based on PHR report for one of the subframes sets. Additionally, eNB can measure the received power in all subframe sets as well as derive pathloss from RSRP reports. It can also estimate power headroom report difference by measuring received power from two transmission on different ULPC subframe sets. This information seems to be sufficient to derive the PHR for the 2nd ULPC subframe set. Therefore sending two PHRs by UE may be redundant.

5 Remaining Details of ULPC
In this section, we discuss and provide our views on the following list of the remaining ULPC details:
· 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
5.1 Application of TPC Commands
One of the aspects that needs to be further discussed is whether only separate TPC commands should be supported for two ULPC subframe sets or joint TPC operation over two sets of ULPC subframes can be also configured.

The separate TPC commands were introduced, since the different interference characteristics (variations) are expected among static and flexible UL subframes. The potential drawback of separate TPC commands is the reduced ULPC adjustment rate. If ULPC subframe set is composed only from one UL subframe then convergence/reaction time may be larger than variation of channel propagation conditions, degrading closed loop power control performance. However, in our view the DCI Format 3/3A can be used to ensure the needed power control rate. Therefore, instead of introducing two different UE behaviors, i.e. joint and separate accumulation of ULPC commands the existing TPC mechanism based on DCI Format 3/3A can be used to achieve the required ULPC adjustment rate. The definition of bits in DCI format 3/3A can be redefined for eIMTA capable UEs configured with the two ULPC subframe sets. The UE behavior for DCI format 3/3A needs to be specified when two ULPC subframe sets are configured.
· Keep separate TPC accumulation loops, when two ULPC subframe sets are configured.
· Specify UE behavior when two ULPC subframe sets are configured and DCI Format 3/3A is transmitted.

5.2 On TPC Timing for UL/DL Configuration #0
In case of UL-DL configuration #0, there are 4 DL subframes and 6 UL subframes. In order to schedule all 6 UL subframes in 4 DL subframes, two options can be used 1) one UL grant can trigger PUSCH transmissions in two UL subframes by setting 2 bits UL index field to ‘11’, 2) two UL grants can be transmitted in one DL subframe in order to schedule two PUSCH transmission in different UL subframes. In the 1st case, there may be potentially an issue for eIMTA operation with two ULPC subframe sets, since there is ambiguity with regard to which ULPC subframe set the single TPC command should be applied. However, from implementation perspective, it is unlikely that single UL grant will be used to trigger two PUSCH transmissions from different ULPC subframe sets. This behavior is not practical since the MCS level (CQI) is likely to be different and thus scheduling using single UL grant is not desirable option from the UL spectral efficiency perspective. Therefore we consider the TPC timing issue for this case as an optimization problem. 
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Figure 2: Scheduling of two UL PUSCH transmissions.

· The TPC command timing ambiguity may exist when two PUSCH transmissions are scheduled by single UL grant. 

· The alternative solution with scheduling two UL grants from single DL subframe may be used instead. 

The usage of single UL grant may be only applicable if MCS level in two ULPC subframe sets is the same or very similar. In this case the TPC timing accumulation issue may be resolved. Several solutions may be considered in this case, when DCI Format 0/4 schedules two PUSCH transmissions in two ULPC subframe sets:
· Option 1: Use MSB/LSB bits of TPC command for different ULPC subframe sets. 

· Option 2: Apply TPC command for one of the ULPC subframe set (i.e. for PUSCH transmission on ULPC subframe set 1 or 2). The association of TPC command with ULPC subframe set can be done in different ways:

· The particular set may be indicated /configured by higher layer signaling;
· Fixed in the specification;

· The reserved bit field ‘00’ of UL index is used;

· 01 – TPC is applied to the second ULPC subframe set while scheduling PUSCH in the second ULPC subframe set only;
· 10 – TPC is applied to the first ULPC subframe set while scheduling PUSCH in the first ULPC subframe set only;
· 11 – TPC is applied to the UL subframe from the 1st ULPC subframe set while scheduling PUSCH in both subframes;
· 00 – TPC is applied to the UL subframe from the 2nd ULPC subframe set while scheduling PUSCH in both subframes;
· Consider to optimize TPC behavior when single UL grant schedules two PUSCH transmissions from the two ULPC subframe sets.
5.3 SRS Power Control
In general, the ULPC subframe sets of PUSCH and SRS may be configured independently, i.e. separate subframe sets may be defined and indicated for PUSCH and SRS. However the benefits of independent subframe sets are not evident since both PUSCH and SRS are affected by the same pattern of DL-UL interference from neighbor coupled cells. In our view the same principle as used in earlier LTE releases should be used for PUSCH and SRS transmission. In other words, the SRS transmit power control basically follows that of the PUSCH.
· SRS transmit power control uses the same ULPC subframe sets and open loop ULPC parameters (P0 and α) as PUSCH.
6 Conclusions

In this contribution, we provided our views on the remaining details of ULPC for eIMTA support. Based on the discussions provided in previous sections we have following proposals:
· Confirm RRC signaling for association of two ULPC parameter sets (P0 and alpha) with two semi-statically configured ULPC subframe sets.

· Two non-overlapped ULPC subframes sets are semi-statically configured from the set of SIB1 UL subframes.

· Each ULPC subframe set is associated with one set of open loop ULPC parameters. 
· The RRC signaling details are defined by RAN2 WG.

· Confirm working assumption that no PUCCH enhancements is introduced in physical layer specifications. 

· Keep separate TPC accumulation loops, when two ULPC subframe sets are configured.

· Specify UE behavior when two ULPC subframe sets are configured and DCI Format 3/3A is transmitted.

· Consider to optimize TPC behavior when single UL grant schedules two PUSCH transmissions from the two ULPC subframe sets.

· SRS transmit power control uses the same ULPC subframe sets and open loop ULPC parameters (P0 and α) as PUSCH.
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