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1
Introduction
D2D transmissions cause interference to FDMed cellular traffic due to mismatch both on CP lengths and transmission timings as well as due to in-band emissions. Protection mechanisms for cellular traffic were considered in previous RAN1 meetings, and it was agreed to introduce transmission power control on D2D transmissions. More specifically, it was agreed in RAN1#76bis [1] that eNodeB or Rel-10 relay controls transmission power of SA and Data using PDCCH or EPDCCH for Mode 1 transmission. In RAN1#77 [2], several agreements related to D2D TPC were reached: 
· 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 signalled 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

In this contribution, we present our views on some of the remaining D2D transmission power control details.
2
Discussion
The key function for D2D TPC is to protect cellular traffic when eNB would otherwise face significant interference from frequency domain multiplexed D2D transmissions on PUCCH or cellular PUSCH. Contrary to cellular TPC, D2D TPC does not control transmission power from actual D2D reception point of view. Quite in opposite, any D2D TPC can reduce coverage of D2D transmissions and, hence, may lead to deteriorated D2D performance. Further, Rel-12 D2D design itself does not facilitate D2D reception optimization with eNB controlled TPC, as information on the received signal levels at D2D UEs is not available at eNB. The D2D TPC focus on the protection of cellular traffic has significant impact on the remaining open details discussed in following.

It was agreed in RAN1#77 that an open loop TPC mechanism is specified for in-coverage UEs for communication Mode 2 and Type 1 and Type 2 discovery. Contrary to communication Mode 1, no baseline for the open loop TPC was agreed. We see that D2D open loop TPC formula can be a simplified form of the LTE PUSCH power control formula:   
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the bandwidth of the D2D signal, PL is is the pathloss from eNB to UE.
When compared to the LTE PUSCH TPC formula, terms depending either on TPC command or on MCS value are removed. It is hard to see any reason to introduce a MCS dependent 
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term for any D2D TPC, including communication Mode 1 TPC, as the target is to control interference level at eNB.
Proposal #1: TPC formula for Mode 2 communication and Type 1 and Type 2 discovery is based on PUSCH TPC formula by removing 
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Proposal #2: Communication Mode 1 TPC formula is based on PUSCH TPC formula by removing
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In the following, we discuss the available value sets for alpha and P0, addressed also on the email discussion [77-20]. In RAN1#77 it was agreed that value 0 is one of the values available for alpha. When considering other usable values for alpha, we see that at least alpha value 1 should also be supported. With alpha value 1, interference level at the eNB remains constant also when pathloss changes with UE’s movement. 

Proposal #3: At least alpha value 1 is contained in the set of available alpha values in addition to alpha value 0.  

The target for the D2D TPC is that D2D transmissions are received at the eNB at a power level that is roughly comparable to the range of received cellular signal strengths, so that overwhelming interference is not caused on PRBs in cellular use. For that purpose, the configurable range for nominal PUSCH P0 seems to be sufficient and may be taken as a baseline for available D2D P0 value set.

Another requirement for D2D P0 set by RAN1#77 agreements is that P0 and alpha values that lead to transmission at Pcmax by all D2D UEs are supported. From that point of view, the nominal PUSCH P0 set limited to 24 is sufficient for typical UEs. However, public safety UEs with larger Pcmax value needs some further consideration. LTE PUSCH P0 set is composed as a sum of nominal PUSCH P0 and UE PUSCH P0 components, reaching maximum configurable value of 31. Basically, D2D TPC P0 can also be based on combination of nominal D2D P0 and UE D2D P0 components, with value sets corresponding to those of LTE PUSCH. However, a bit simpler signalling is reached when signalling of UE D2D P0 component is not introduced and D2D TPC P0 set is based on the nominal PUSCH P0 value set extended to support public safety UE transmission at Pcmax.
It can be noted that the resolution of PUSCH P0 value set is quite fine for D2D TPC which can be expected to have relatively coarse operation. Although some bits could be saved on RRC signaling by defining a more coarse resolution for D2D TPC P0 value set, we are concerned on the standardization effort it may take. We prefer the simpler solution of using the same resolution as in the existing P0 value sets.     
Proposal #4: Available D2D TPC P0 set is based on the nominal PUSCH P0 value set extended to support public safety UE transmission at Pcmax.
2.2
Details specific for D2D communication Mode 1 TPC
In the following, we present our views on the remaining details that were identified in RAN1#77 specifically for D2D communication Mode 1 closed loop TPC. As D2D TPC is essentially a cellular traffic protection mechanism, it is hard to see any motivation to have different TPC operation for scheduling assignments and data. Hence we see that the same power control parameters can be used for both scheduling assignments and data.

Proposal #5: The same power control parameters are used for both scheduling assignments and data.
Regarding absolute/accumulate TPC command modes, network may prefer that the same TPC command mode is used both on UL PUSCH and D2D communication Mode 1. For example, switching from TPC command accumulation mode in UL PUSCH to absolute TPC command mode in D2D communications could result in sudden change in Tx power when accumulation is reset. As both TPC command modes are possible in UL PUSCH, both absolute and accumulate TPC command modes should be supported also in the D2D communication Mode 1 TPC.
Proposal #6: Both absolute and accumulate TPC command modes are supported for D2D communication Mode 1.
Both 1-bit and 2-bit TPC commands are supported for LTE PUSCH in the accumulated mode. We see benefit from the wider Tx power correction range provided by the 2-bit command, even at the expense of 1 additional bit in the D2D grant.  
Proposal #7: TPC command conveyed in D2D communication Mode 1 grant has 2 bits.
Network may allow that D2D Mode 1 transmissions can be received at eNB at considerably higher signal levels than cellular PUSCH via the configuration of D2D Mode 1 specific alpha and P0 values. As information on the received signal levels at D2D UEs is not available at eNB, configuration of alpha and P0 values is a sufficient method for boosting D2D Mode 1 Tx powers to the maximum level bearable from eNB interference management viewpoint. Additional benefit from further dynamic D2D Tx power boosting with TPC commands seems questionable. In order that network can safely maximize the D2D Mode 1 Tx powers via alpha and P0 configurations, it is important that eNB has a mechanism to dynamically reduce D2D Mode 1 Tx power when absolutely necessary to protect cellular traffic. The eNB may command D2D Tx power reduction for a near-by UE when constant D2D Tx power (alpha = 0) is configured. D2D Tx power reduction may also be commanded also when eNB schedules D2D Mode 1 transmission on PRBs significantly interfering PUCCH – instead of restricting such PRBs away from any D2D traffic. Hence we see that D2D Mode 1 TPC command in the absolute TPC command mode is used for temporal or UE-specific Tx power reduction. For that purpose, the symmetric set of LTE PUSCH absolute 
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 values, {-4, -1, 1, 4}, is not well suited. An asymmetric set of absolute
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values with a wider Tx power reduction range, such as {-8, -5, -2, 0}, is more suitable for D2D communication Mode 1.     
It is desireable also with the accumulate TPC command mode that D2D Tx power can be significantly reduced with a single TPC command in order to protect cellular traffic. Equally, D2D Tx power is preferably increased gradually to avoid large single step changes in interference level at eNB. However, the set of LTE PUSCH accumulated 
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 values, {-1, 0, 1, 3}, is designed oppositely for fast increase and gradual decrease of PUSCH Tx power. Clearly, a different set of values is needed for D2D Mode 1 accumulated
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, e.g. {-5, -2, 0, 2}. 
Proposal #8: D2D communication Mode 1 
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3
Conclusion

In this contribution, we discussed some remaining D2D transmit power control details with the following proposals: 
Proposal #1: TPC formula for Mode 2 communication and Type 1 and Type 2 discovery is based on PUSCH TPC formula by removing 
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Proposal #2: Communication Mode 1 TPC formula is based on PUSCH TPC formula by removing
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Proposal #3: At least alpha value 1 is contained in the set of available alpha values in addition to alpha value 0. 
Proposal #4: Available D2D TPC P0 set is based on the nominal PUSCH P0 value set extended to support public safety UE transmission at Pcmax. 
For D2D communication Mode 1transmit power control, we propose: 

Proposal #5: The same power control parameters are used for both scheduling assignments and data.
Proposal #6: Both absolute and accumulate TPC command modes are supported for D2D communication Mode 1.

Proposal #7: TPC command conveyed in D2D communication Mode 1 grant has 2 bits.
Proposal #8: D2D communication Mode 1 
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