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1 Introduction

In this contribution, we discuss remaining details of power control in application to D2D operation. There are several agreements and open questions that need to be finalized by RAN1 WG as listed below:
RAN1#77:
· For communication Mode 1, the current PUSCH UL PC is baseline:

· Values of P0 and alpha for Mode 1 D2D communication are configured by eNB. 
· P0 and alpha for D2D can be different from P0 and alpha for WAN 

· eNB-UE path loss is used not UE-UE path loss. 

· X bits TPC command is conveyed in D2D grant. 

· FFS: X bits (X > 0) 

· FFS whether power control parameters are the same between SA and data 

· FFS whether accumulate PC or absolute PC 

· FFS boosting range is different from cellular 

· Maximum power transmission is not precluded 

· Open loop power control mechanism is specified for in-coverage UEs for Mode 2 communication and Type 1 and Type 2 discovery 

· Values of P0 and alpha are signaled by higher layers (let RAN2 decide details) 

· Different values of P0 and alpha can be used for Type 1 discovery, Type 2 discovery, and communication 

· One of the values of alpha available is 0. 

· Values of P0 and alpha that lead to transmission at Pcmax by all UEs are supported 

RAN1#78:
· TPC bit switches between maximum available power and open-loop power control and 
· In D2D WI in Rel-12,
· No change in 36.213 to PC for cellular UL transmissions compared to Rel-11
RAN1#78bis:
· In coverage, D2DSS & PD2DSCH (when supported) open loop power control parameters, i.e. P0 and alpha, can be independently configured from power control parameters of other channels

· FFS whether DCI format 5 power control parameter also applies to D2DSS and PD2DSCH

In this contribution, we continue discussion on the remaining details of D2D power control by addressing FFS aspects, discussing TPC commands and power headroom reporting.
2 Remaining Power Control Details

In this section, we discuss the remaining power control aspects for D2D communication.
2.1 Power Control Parameters for Different Channels

There are still no agreements on whether power control parameters can be separately configured for SA and data transmissions. Both alternatives are discussed below:

· SA and data power control parameters are configured jointly.
In this case, there is a single set of parameters signaled in RRC and applied to both data and SA. These may be beneficial from the perspective of minimizing the control overhead and specification work. In case of the same power control settings for both SA and data, the resulting link budget of these two channels may be different due to selected MCS, resource allocation size, etc. and therefore in terms of coverage these two channels may not be aligned. For example, if SA coverage is much better than data coverage, then an UE anyway may not be able to decode corresponding data due to lower data transmission range. On the other hand it is quite natural approach to have higher link budget for control, than for data channel. It can be also beneficial from collision avoidance perspective, so that UEs can decode SA and become aware about resource utilization for D2D operation.
· SA and data power control parameters are configured separately.
Although additional signaling is needed, this alternative may provide more flexibility in terms of power control configuration. From system level performance perspective, separate power control parameters may be useful to align coverage of SA and data channels. This may be needed because the data rate and interference conditions are likely to be different between SA and data. However potential performance benefits of such signaling needs to be carefully studied and may be in the scope of future releases. In addition, it is important to note that data channel coverage is UE specific since UE is responsible for selection of transmission parameters (e.g. MCS, resource allocation).
Proposal 1
· In Rel.12, SA and Data are configured with the same power control parameters.

2.2 Power Control Parameters for Different Resource Pools
As was discussed in [2], per resource pool power control parameters may enable network to configure different pools for different UE power classes and fulfil the requirement of supporting different D2D operation ranges. Mixing UEs with different power ranges in the same resource pool may degrade performance of the UEs with the lower power class due to unbalanced mutual co-channel and in-band emission interference. Therefore it is beneficial to specify power control configuration independently for each resource pool, especially assuming that these pools may be orthogonal in terms of spectrum resources.
Proposal 2
· Power control parameters are configured per D2D resource pool.

2.3 Power Sharing in Multicarrier Operation

If UE has more than one TX chain, the WAN TX + D2D TX scenario is possible. In this case, it needs to be discussed how to share the available PCMAX between WAN and D2D transmissions. There are two potential approaches:

· Equal scaling of the PUSCH without UCI and D2D channels.

This option may be considered as a fair tradeoff between WAN and D2D operation, however it may not be possible without changes to the legacy Rel.12 UE power control which are already precluded by current RAN1 agreements.

· Deprioritized scaling of the D2D transmission power.

Since WAN transmission is prioritized over D2D in case of a single carrier, it is natural to extend this concept to the power sharing between WAN and D2D carriers. If the sum power of transmissions exceeds the PCMAX value at the D2D UE, then the legacy power scaling procedure is performed without taking into account transmissions on D2D carrier. The remaining power (if any), left after PUCCH, PUSCH and SRS scaling on other carriers is allocated for D2D transmission.

Proposal 3
· Prioritize PUCCH, PUSCH and SRS power allocation for D2D transmit power calculation.
· Drop D2D transmission on a D2D carrier if there is no room after allocation of PUCCH, PUSCH and SRS power on a WAN carrier.

2.4 UE-specific PO Setting

In [1], [3] the UE-specific PO component signaling for D2D was proposed. The main reason is to compensate TX coverage difference between cell center and cell edge D2D UEs. However, there is another possibility available to align coverage within current agreements – set alpha to zero with any PO (including the leading to maximum power). One more approach is to enable TPC command accumulation (as discussed in the next sub-clause). It should be noted that these UE specific power settings can be considered only in application to Mode-1 D2D communication.
Observation 1
· Introduction of UE-specific PO setting does not seem to be critical for LTE Rel.12 D2D functionality and thus may be de-prioritized.

2.5 TPC Commands

It was agreed, that the TPC bit sent in the DCI Format 5 (i.e. D2D grant) switches transmission power between the maximum and the power controlled. In order to provide further flexibility and possible provision for next releases, additional TPC commands may be sent for D2D using mechanisms similar to the existing DCI Format 3/3a. The TPC-PUSCH-RNTI in this case is substituted with TPC-PSSCH-RNTI or the same TPC-PUSCH-RNTI is used but the tpc-index range is between UL and D2D [1]. However, given that eNB may not be aware about D2D RX and the quality of the D2D links the only motivation to define such behavior is to try to control the impact on WAN infrastructure. On the other hand such behavior may negatively affect D2D receiver performance, especially if power control commands reduce transmit power of the terminal.
Observation 2
· The usage of DCI Format 3/3a for D2D power control is not fully justified for LTE Rel.12 D2D operation.

2.6 Power Headroom Report

In Mode-1, it is essential for eNodeB to be aware of the UE power headroom to schedule proper resource allocation size and configure power control parameters. Since only RRC_CONNECTED UEs operate in Mode-1, an eNodeB is likely to have actual PHR for PUSCH on a given carrier which may be used for scheduling D2D transmissions. In case D2D UE operates in a dedicated carrier then the PHR for the D2D carrier may be derived from the PHRs from all other carriers. In our view modification of the current PHR mechanisms may not be needed for LTE Rel.12 UEs, since it is unlikely to significantly affect D2D performance.
2.7 DCI Format 5 TPC Command for D2DSS & PD2DSCH
As it was discussed in our companion contribution [4], it is beneficial to decouple transmission triggering of D2DSS & PD2DSCH from SA and Data availability at the D2D UE, i.e. we assume that UE may transmit synchronization signals and channels even when it doesn’t have data to transmit for a certain long term period. Additionally, the power settings related to synchronization procedure should be semi-statically configured because they have significant impact on initial search, measurements, sync transmission activation, etc. behavior of D2D UEs, and therefore it should not be dynamically changed through DCI signaling. Considering these aspects, we propose:
Proposal 4
· TPC bit in the DCI Format 5 is not applied to D2DSS & PD2DSCH.
3 Conclusions

In this contribution, we provided our views on the details and some of the remaining open issues of the D2D power control. Based on the discussion presented in the document we have the following list of proposals:
Observation 1
· Introduction of UE-specific PO setting does not seem to be critical for LTE Rel.12 D2D functionality and thus may be de-prioritized.

Observation 2
· The usage of DCI Format 3/3a for D2D power control is not fully justified for LTE Rel.12 D2D operation.

Proposal 1
· In Rel.12, SA and Data are configured with the same power control parameters.

Proposal 2
· Power control parameters are configured per D2D resource pool.

Proposal 3
· Prioritize PUCCH, PUSCH and SRS power allocation for D2D transmit power calculation.

· Drop D2D transmission on a D2D carrier if there is no room after allocation of PUCCH, PUSCH and SRS power on a WAN carrier.

Proposal 4
· TPC bit in the DCI Format 5 is not applied to D2DSS & PD2DSCH.
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