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1 Introduction
At the RAN1#74 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]:

· 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 (P0 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 continue discussion on the remaining details of UL PC for DL-UL interference mitigation and provide our views on some of the FFS aspects of UL PC agreements listed above.
2 UL PC for eIMTA Support
2.1 UL Subframe Sets and Signaling

At the RAN1#74 meeting, it was agreed that up to two sets of subframes will be UE-specifically signaled per serving cell. The potential UL subframe may belong to one of the subframe sets. At the same time, it was agreed that two sets of open-loop power control parameters (P0 and alpha) are defined. The open question is how to define the two sets of subframes and map them to two sets of UL PC parameters and whether the subframe set is signaled in semi-static or dynamic manner. In terms of UL PC, the main motivation to divide SIB1 UL subframes into two sets is to differentiate UL subframes based on the presence of different interference types (e.g. UL subframes affected by UL inter-cell interference only - static UL subframes) or UL subframes that may be affected by both UL inter-cell interference and DL-UL interference (flexible subframes that may be used for DL and UL transmission direction – Figure 1).
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Figure 1: Illustration of flexible subframes.

UL PC Subframe Sets
It has to be noted, that flexible subframes used by serving cell and neighboring coupled cells may be different, if the set of UL-DL configurations used for traffic adaptation is independently chosen in each cell (see Figure 2). In order to prevent the impact of DL-UL interference, the serving cell needs to either:
· Adjust UL PC settings on subset of flexible subframes, where strong DL-UL interference is observed. The serving cell may take into account the level of potential DL-UL interference from the dominant DL-UL interferer or all potential DL-UL interferers and compensate it by increased UE TX power. This approach can be applied only at the moderate inter-cell coupling levels.
· Align transmission direction among strongly coupled cells, coordinating transmission direction.

Both approaches may require some sort of coordination or information exchange among coupled cells so that at least coupled cells are aware about the potential set of flexible subframes used in each cell (see Figure 2). Alternatively, the serving cell may attempt to blindly detect the utilized set of flexible subframes in neighboring coupled cells by analyzing the interference and based on this information configure two UL PC subframe sets.
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Figure 2: On difference between UL PC subframe sets and set of flexible subframes.
Observation 1

· The set of flexible subframes used in given serving cell may not be the same as used in neighboring coupled cells. 
· In order to properly configure two UL PC subframe sets and map two sets of open loop UL PC parameters, the serving cell (eNodeB) needs to be aware about the actual set of flexible subframes applied in neighboring coupled cells.
· The cell-specific information about the actual set of flexible subframes may be exchanged over X2 interface. This information may be reported either in the form of the most DL favored UL-DL configuration used in the cell or by direct indication of the set of UL-DL configurations applied for traffic adaptation or direct indication of the convertible UL subframes.
In all considered cases, the information about the instantaneous (dynamic usage of flexible subframes) in given cell may not be available, if non-ideal backhaul is considered. Therefore the cell (eNodeB) may be aware only about the potential set of flexible subframes in neighboring coupled cell. Based on the above arguments, we suggest that two UL PC subframe sets are semi-statically configured for each UE.
Proposal 1

· Two sets of subframes with different UL PC settings are semi-statically configured.
· By default each UL PC subframe set is linked with the corresponding set of open loop UL PC parameters. 

· Flexible subframe set used for traffic adaptation in serving cell is independent from UL PC subframe sets.

2.2 Determination of UL PC Parameters for PUSCH and SRS

In general, the UL PC 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.
Proposal 2
· SRS transmit power control uses the same UL PC subframe sets and open loop UL PC parameters (P0 and α) as PUSCH.
Another aspect that needs to be discussed is how the two sets of UL PC parameters are defined. One approach is to configure P0 and α settings independently. Another approach, when two sets of UL PC parameters are dependent on each other at least for the P0 values. In other words, the P0, set2 value for the second subframe set is derived from the P0, set1 by adding ΔPUSCH offset (P0,set2 = P0, set1 + ΔPUSCH). The range of ΔPUSCH value may be further discussed, but should not be extremely large. The max ΔPUSCH offset of 15-20 dB can be considered as a starting point for further discussion. There at least two motivations to limit the difference between P0, set2 and P0, set1. The first one is that UE transmit power directly affects UE power consumption. If strong coupling is observed between coupling cells then it may be more preferable by UE terminal to save the battery instead of slight packet throughput improvement. This tradeoff may be especially remarkable if DL-UL interference is rather strong. The proposed maximum value of ΔPUSCH offset seems to be reasonable, since even if DL-UL interference is 15dB higher than average level of UL inter-cell interference the proposed ΔPUSCH will ensure that UE operates at the similar SINR values as on static UL subframes. Another argument in favor of introducing the ΔPUSCH offset is the UE-UE interference. The likelihood that coupled cells are located close to each other is higher comparing to the isolated cells. Therefore in such scenarios the impact from the UE-UE interference is also increased and thus may degrade DL reception performance in coupled cells if UE transmit power is increased dramatically. Additional RAN4 studies may be needed to carefully study this effect in case of coupled cells and define the value of ΔPUSCH offset. In latter case, the cell clustering based interference management and traffic adaptation is capable to provide significantly improved performance.
Proposal 3
· The difference between P0,set2 and P0,set1 is defined through ΔPUSCH offset (P0,set2 = P0, set1 + ΔPUSCH).
· The maximum value of ΔPUSCH offset is FFS. As a starting point for discussion the 15 dB can be considered.

One more question that needs to be specified is whether the second set of UL PC parameters should be always used on the second set of UL PC subframes or it usage should be dynamically indicated. Obviously, due to traffic variation the transmission direction in neighbor coupled cell may change and thus increased UL transmit power may not be necessary. Because of this reason it may be appropriate to indicate whether the second or the first set of UL PC settings should be used on the second set of UL PC subframes. The possibility to dynamically indicate the set of UL PC parameters, to be used on the second set of UL PC subframes may be beneficial to reduce UE terminal power consumption. This topic is further discussed in the next section jointly with the closed loop power control operation.
2.3 Enlarging of TPC Steps

At the previous RAN1#74 meeting, it was agreed that transmit power control commands (TPC) are accumulated separately for each subframe set (UL PC subframe set). In addition, it was recommended to further discuss the necessity of the enlarging (TPC) steps. In our view, the need for enlarging TPC steps is not justified since it was already agreed to specify two sets of UL PC parameters and UL PC subframe sets. In addition, it was agreed that each UL PC subframe set is characterized by its own closed loop power control process emulated by corresponding TPCs. Assuming, that open loop UL PC settings are defined to partially or fully compensate loss from the DL-UL interference, the enlargement of TPC steps may not bring any significant benefit on top of the already defined TPC steps.
Proposal 4
· Keep existing TPC steps for closed loop UL PC for eIMTA support.
In the previous section, it was mentioned that dynamic indication of the UL PC parameter set to be used on the second set UL PC subframes may be beneficial to reduce UE power consumption by avoiding unnecessary transmission at the increased power level in the absence of DL-UL interference. In this case, the additional indication of open loop UL PC set to be applied at the subframes of the second UL PC subframe set may be necessary.
Depending on the format of the explicit L1 signaling to be used for UL-DL reconfiguration different options may be considered. In the first case, the DCI used for dynamic UL-DL reconfiguration can also carry information on the open loop UL PC settings that should be applied for subframes from the second UL PC subframe set. Alternatively, this indication may be directly encoded into the DCI format 0/3/4 in the TPC Command Field [5].

Proposal 5
· Decide on indication of UL PC parameter set to be used in the second set of UL PC subframes after agreements on the DCI format of the explicit L1 reconfiguration signaling.
2.4 Power Headroom Reporting Operation

The power headroom reporting (PHR) procedure is used to provide the serving eNodeB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission. According to [2], the reporting delay of the power headroom shall be 0 ms, which is applicable for all configured triggering mechanisms for power headroom reporting. At the same time, the reported power headroom shall be estimated over 1 subframe. A PHR can only be sent in subframes where UE has an UL grant and report associated with the subframe where it is sent. There are two types of PHR: Type 1 reporting assumes PUSCH-only transmission, the Type-2 report assumes combined PUSCH and PUCCH transmission.

In both cases, the PHR is dependent on the parameters such as: open loop UL PC settings 
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The existing procedure of PHR reporting assumes only one set of ULPC parameters for all subframes. When two sets of UL PC parameters are used on different UL PC subframe sets, two different PHR reports may be generated at UE side depending on the UL subframe used for power headroom reporting [4]. However it needs to be clarified whether two PHR reports corresponding to different ULPC subframe sets should be used. In general, we see following potential options to clarify the PHR reporting for the case of two sets of ULPC parameters. 

Option 1. Send one PHR for one of the pre-configured UL PC parameter sets (i.e. set 1 or set 2) specified by higher layers.

1a) The report is sent only on scheduled UL subframes, corresponding to the pre-configured UL PC subframe set for PHR reporting.

1b) The PHR report is sent on any scheduled UL subframe once it is triggered..

Option 2. Send two PHRs for both UL PC subframe sets (i.e. set 1 and set 2)

2a) Once PHR is triggered, reports are sent on scheduled UL subframes corresponding to different UL PC subframe sets;

2b) Once PHR is triggered, two reports are sent on any scheduled UL subframe;

When accumulation of TPC is configured, the option 2a seems to be more general and consistent with the existing PHR reporting requirements and does not impose specification changes comparing to Option 2b. The latter one will require at least changes of the MAC control element format for PHR reporting. In our view further discussion is needed on the necessity to send two PHR reports, taking into account the fact that eNodeB is aware about UL PC settings and TPC issued commands.
3 Conclusions

In this contribution, we provided our views on the remaining details of ULPC issues for eIMTA support. In our view, the set of static and flexible subframes used by serving cell for traffic adaptation may be different from two subframe sets of used for ULPC based interference mitigation and thus should be configured independently. The eNodeB can use higher layer signaling to configure the subframe sets for UL PC.
Based on the discussion we have following proposals:
Proposal 1

· Two sets of subframes with different UL PC settings are semi-statically configured.

· By default each UL PC subframe set is linked with the corresponding set of open loop UL PC parameters. 

· Flexible subframe set used for traffic adaptation in serving cell is independent from UL PC subframe sets.

Proposal 2

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

Proposal 3

· The difference between P0,set2 and P0,set1 is defined through ΔPUSCH offset (P0,set2 = P0, set1 + ΔPUSCH).

· The maximum value of ΔPUSCH offset is FFS. As a starting point for discussion the 15 dB can be considered.

Proposal 4

· Keep existing TPC steps for closed loop UL PC for eIMTA support.

Proposal 5

· Decide on indication of UL PC parameter set to be used in the second set of UL PC subframes after agreements on the DCI format of the explicit L1 reconfiguration signaling.
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