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1 Introduction
RAN1#77 meeting had following agreements on mode 1 and mode 2 in coverage,
Agreements:
· 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

Agreement:

· 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

This contribution would like to mainly discuss power control on mode 1, for example unclear points above and basic power control mechanism/ formula. 
2 Discussion
Comparison among different solutions for in-band emission and ICI

We see power control as a valid mechanism to solve in-band emission or inter-carrier interference (ICI) problems especially in case D2D signal and LTE WAN signal are multiplexed in the same subframe. Guard band is also a candidate solution to relax in-band emission/ICI issues. However it may waste the resources and such solution does not work well in narrow system band width. No allocation on LTE WAN resources in D2D subframe can solve the issue completely. However it impacts PUCCH transmission timing, and would impact LTE WAN resource utilization.  Another solution to relax ICI is to use aligned timing between LTE WAN and D2D. This can solve ICI but it would not solve in-band emission. Another issue on this solution is it is somehow difficult to be realized in real system as a possible use case would be D2D uses extended CP (ECP) and LTE WAN uses normal CP (NCP). But even so, power control could be combined with other solutions to better solve the in-band emission/ICI problems. 
Power control mechanism for D2D

We envisage two approaches for power control related to D2D and LTE WAN.
Option 1: totally independent power control mechanism between D2D and LTE WAN

For example, power control is independently accumulated within D2D subframes and within LTE WAN subframes for the same UE. Then D2D power could be flexibly adjusted by eNB without caring LTE WAN interference. It is friendly to D2D coverage but may lead to heavy ICI/in-band emission problem on LTE WAN. On the other hand, it asks two independent implementations on accumulation functions in UE side so that UE complexity is increased. 
Option 2: P0 and alpha are configured differently but fc()function controlled by TPC command is shared between D2D and LTE WAN.
That may mean only one accumulation function is needed for such D2D UE. But that raises a problem that D2D power and LTE WAN power of such UE are mutually impacted. So either LTE WAN or D2D performance cannot be guaranteed. 
We see both of two solutions may have problems on LTE WAN performance impact. So we would like to propose another solution,

Option 3:  P0 and alpha can be configured differently. fc()function of D2D refers to fc() of LTE WAN.  The current D2D subframe's power is adjusted by TPC command used for D2D without accumulation.
This option could be expressed by following formula, 
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Here 
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is the bandwidth of the D2D resource assignment expressed in number of resource blocks valid for subframe i and serving cell 
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. That could be configured same as similar parameter in LTE WAN.
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is a parameter which means targeted received power as indicated P0 above. “j” means different grant type in case of PUSCH but only one value may be sufficient. If SPS is supported, the configuration can be different between SPS and non-SPS.
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is compensation coefficient of downlink pathloss between eNB and D2D UE
- 
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 is the downlink pathloss (between eNB and D2D UE) estimate calculated in the UE for serving cell 
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 in dB and 
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 = referenceSignalPower – higher layer filtered RSRP. “referenceSignalPower” is provided by high-layer signaling for LTE WAN.
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is minor offset similar as current PUSCH power control formula. It may be unnecessary for D2D.
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 is power control adjustment state of the same UE in latest LTE WAN subframe. The value is adjusted by TPC command indicated by LTE WAN subframe grant, for example DCI format 0/4 or DCI format 3/3A, used for PUSCH power adjustment.
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is a correction value used for D2D, also referred to as a TPC command and is included in D2D grant or indicated in DCI format 3/3A.
One intuitive example on above formula usage could refer to Fig.1. Assuming UE needs to calculate D2D power control for subframe 5, in this case “i” = 5, so UE will copy PUSCH power (fc(i-1)) in latest WAN subframe 4 for D2D, and add value (
[image: image12.wmf]D2D,cD2D

()

iK

d

-

) indicated in subframe 1 for current power control adjustment state based on formula 1. Open-loop parameters like 
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are indicated in SIB. 
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Figure 1 Proposed solution (option 3)

From option 3, we can see D2D UE need not do accumulation power especially within D2D subframes. Instead, it just copies fc() of PUSCH and adds dynamic adjustment value indicated in TPC command in D2D grant or DCI format 3/3A.

Regarding TPC command range indicated in D2D grant or DCI format 3/3A, it could be only zero/negative value(s), for example {0, -10}dB, or {0, -5, -10, -20}dB depending on TPC command size. In our companion contribution [1], 1 or 2 bits are possible but the latter is our preference. 
The benefits to utilize fc() of PUSCH and to have  dynamic subframe specific offset by D2D grant are:

· eNB can control D2D power well for better LTE WAN interference control. 
· The standardization effort is small. 
Here we show one example to interpret above two benefits.
In spite of UE baseband's understanding on Tx power is 10 dBm as example, UE's real transmission power could be 1 dBm or 19 dBm as the accuracy of the absolute transmission power in LTE WAN is the order of  +/- 9dB [2]. The receiver of eNB can judge the actual received power is too weak, sufficient or too strong from received signal.

- if received power is too strong or too weak common to both PUSCH/WAN and D2D, TPC command in WAN is used.
- if received power is too strong or too weak only for D2D (as it has semi-static offset), TPC command in D2D grant  is used.
Above behaviour does not require eNB to know what was UE's understanding on Tx power of LTE WAN or D2D and there is no requirement on D2D PHR. Only relative power relations are used and do not rely on absolute power. Therefore, it is not influenced by the accuracy of absolute transmission power of UE. This means WAN interference and dynamic range of eNB receiver can be better controlled.
Except for the benefits above, there are other benefits we can see, for example,

· UEs need no independent power accumulation especially within D2D subframes
· LTE WAN power accumulation is not impacted by D2D

SA could also be basically applied by this power control method like D2D data but probably it would be worth to have separate configuration of P0 and alpha for SA.
Configuration on P0 and alpha for mode 1 modes
Due to different property of mode 1 and mode 2, eNB should be able to configure different P0 and alpha for UEs with different modes. In mode 2, it would support both RRC_connected and RRC_idle. We think it should be possible to configure different P0 and alpha for RRC_connected and RRC_idle.
The need of 
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To have 
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 means UE's transmission power scales according to the number of PRBs with the same PSD. For D2D broadcast, we don't see the specific need to have constant PSD rule. The total transmission power can be same regardless of the number of PRBs. It means in case of wider band transmission, PSD is reduced. The narrower band transmission means PSD is increased. This can maximize the coverage of D2D. Therefore, not to have 
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 is also good option to consider.
3 Conclusion

In this contribution we mainly discussed power control methods for mode 1 although mode 2 or idle UEs are also mentioned shortly in the end. We propose following method should be adopted for power control of mode 1, 

· P0 and alpha can be configured differently. fc()function of D2D refers to fc() of LTE WAN.  The current D2D subframe's power is adjusted by TPC command used for D2D without accumulation.
Reference 

[1] R1-142998, “Discussion for further details on D2D grant design in mode 1 resource allocation”, Panasonic
[2] TS36.101 section 6.3.5
Appendix

Power control formula specified in 36.213,
5.1.1
Physical uplink shared channel

5.1.1.1
UE behaviour

The setting of the UE Transmit power for a physical uplink shared channel (PUSCH) transmission is defined as follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell 
[image: image19.wmf]c

, then the UE transmit power 
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 for PUSCH transmission in subframe i for the serving cell 
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is given by
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If the UE transmits PUSCH simultaneous with PUCCH for the serving cell 
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, then the UE transmit power 
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  for the PUSCH transmission in subframe i for the serving cell 
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 is given by


[image: image26.wmf](

)

ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

×

+

+

-

=

)

(

)

(

)

(

)

(

))

(

(

log

10

,

)

(

ˆ

)

(

ˆ

log

10

min

)

(

c

TF,

c

O_PUSCH,

c

PUSCH,

10

PUCCH

,

CMAX

10

c

PUSCH,

i

f

i

PL

j

j

P

i

M

i

P

i

P

i

P

c

c

c

c

a

 [dBm]

If the UE is not transmitting PUSCH for the serving cell c, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE shall assume that the UE transmit power 
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 for the PUSCH transmission in subframe i for the serving cell 
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 is computed by
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