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1 Introduction
At RAN1 #66 meeting, the power control issues in both CoMP scenarios 3/4 have been discussed. The error in uplink path loss calculation was identified if the Rel-10 power control formula was used. Two candidate approaches [1][2] to overcome the error were proposed in RAN1#67 and supported by different companies, i.e.
· RRC signaled UE-specific adjustment
· CSI-RS based PL estimate
There has been no agreement in the meeting. In this contribution, we discuss these two approaches in terms of performance, signalling overhead, implementation impact and application scenarios taking the two schemes proposed in [3] as references. We finally conclude that these two approaches can coexist and complement each other, as they are suitable to different scenarios and have different pros and cons.

2 Review of two path loss determination schemes
We describe how the above approaches have been implemented in two schemes proposed in [3].

· RRC signaled UE-specific adjustment:

UE determines its UL PL compensation according to the RSRP measured on CRS and a UE-specific adjustment indicated by eNB with RRC signaling. The adjustment can be the gap between a target UL PL compensation and that measured at UE [3]. The procedure of RRC signaled scheme is plotted in figure 1. UE measures RSRP periodically based on CRS, e.g. at T1 and T4. Before carrying UL PC, UE receives its specific RRC signaling at T2 and includes it in the PL calculation before receiving the next RRC signaling.  As channel varying (at T4), the UE-specific adjustment might be updated, e.g. at T5.  
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Figure 1. RRC signalling based scheme

· CSI-RS based PL estimate scheme:

UE measures the path loss according to the CSI-RS resource configured to the transmission points in a cell. UE determines its UL PL compensation from the path loss of its joint receiving points. The procedure of CSI-RS based scheme is plotted in figure 2. Once the receiving point and the corresponding CSI-RS resources are explicitly configured, UE can automatically tracks the variation of path loss. 
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Figure 2. CSI-RS based scheme

3 Comparison between the two schemes 

3.1 Performance 
System level evaluation in [3] have showed that both RRC signalled scheme and CSI-RS based scheme can have significant performance gain compared with Rel-10 scheme in CoMP scehnario 4. Furthermore, the RRC signalled scheme and the CSI-RS based scheme have similar performance when measurements errors are neglected. 

In practical operation system, the performance of RRC based scheme will depend on the implementation algorithm to derive the compensation. Furthermore, the quantization of UE-specific adjustment (e.g., with 1dB step size as in [3]) in the RRC signalled scheme should also be taken into consideration. Regarding the CSI-RS based scheme, the measurement accuracy of path loss will lie on the density of the CSI-RS. 

Observation 1: RRC signalled scheme and CSI-RS based scheme have similar throughput performance when measurement errors are neglected.
3.2 Signalling overhead

For the RRC signalled scheme, two feasible signalling approaches are proposed in [2] .One way is to directly indicate the UE specific path loss offset. As proposed in [3], it is showed that 4bits RRC signalling can be enough to indicate UE-specific adjustment with1dB step size. Alternatively, the adjustment can also be integrated in the existing UE-specific UL PC parameter, such as 
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, if its range is extended from -8~7 dB to -16~7dB using an additional bit. The overall signalling overhead will depends on the final signalling scheme and the desired frequency of the RRC signalling.

For the CSI-RS based scheme, UE should be informed of which TPs are involved in joint receiving. Once the RP is determined, the CSI-RS information only needs to be signalled for one time. The concrete signalling overhead ultimately depends on the multiple CSI-RS signalling scheme.

Observation 2: The required signalling overhead for both the RRC based approach and the CSI-RS based approach cannot be quantified precisely as it is strongly related to implementation aspects.
3.3 Implementation impact
For RRC signalled scheme, the path loss compensation calculation is performed at eNB and depends on vendors’ implementation. UE should receive the offset signalling and include it in the uplink transmit power derivation formula, e.g.
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where
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 is the pathloss measured on CRS and 
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is adjustment indicated by RRC signalling.

For CSI-RS based scheme, eNB should indicate UE the CSI-RS configuration of the target reception point. UE are required to carry on the RSRP measurement on the indicated CSI-RS ports and derive the effective path loss. The path loss PL can be calculated according to the following formula
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where 
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 denotes path loss from RPi in dB. 

Observation 3: At eNB side, RRC signalled scheme has some impact on the implementation. The required modification at UE side for RRC signalling is that additional parameter denoting the path loss offset will be included in the UL PC equation .For CSI-RS based scheme, it is supposed that the UE can reuse the CSI-RS based RSRP measurement for CoMP and derive the effective path loss”.
3.4 Application scenarios

Considering there are some cases where CSI-RS configuration is not configured, such as in case of TM1~8 but CSI-RS is not configured, RRC based scheme can be adopted. 

There are also some cases where CRS does not exist, such as additional carrier. For these cases, CSI-RS based scheme should be applied. Besides, for high mobility UE, CSI-RS based scheme takes advantage over RRC based scheme as the UE can automatically track the channel variation. 

Observation 4: RRC signalled scheme and CSI-RS based scheme have their unique advantages in different application scenario and can not work well independently.

According to the comparisons above, we can find RRC signalled scheme and CSI-RS based scheme have different application scenarios. Both schemes are essential to the standard. 

Proposal: 

· Both RRC signalled scheme and CSI-RS based scheme should be supported for UL Power control of CoMP. 
4 Conclusions

In this contribution, the UL power control issues are investigated for CoMP deployment scenarios with low power RRHs. The following two solutions are compared from several aspects:

· RRC signaled scheme: CRS based path loss measurement and UE specific PL adjustment 

· CSI-RS based scheme: CSI-RS based path loss measurement

Observations:

· Observation 1: RRC signalled scheme and CSI-RS based scheme have similar throughput performance without considering measurement error.

· Observation 2: The required signalling overhead are still uncertain for RRC based scheme and CSI-RS based scheme.

· Observation 3: At eNB side, RRC signalled scheme has some impact on the implementation. The required modification at UE side for RRC signalling is that additional parameter denoting the path loss offset will be included in the UL PC equation .For CSI-RS based scheme, it is supposed that the UE can reuse the CSI-RS based RSRP measurement for CoMP and derive the effective path loss”.

· Observation 4: RRC signalled scheme and CSI-RS based scheme have their unique advantage in different application scenario and can not work well independently.

Proposal: 

· Both RRC signalled scheme and CSI-RS based scheme should be supported for UL Power control of CoMP. 

References
[1] R1-114415, “Way forward on Uplink Power Control ”,  Ericsson, Intel Corporation, InterDigital, LGE, Motorola Mobility, Nokia Siemens Networks, Nokia, Pantech, Samsung, Sharp, ST-Ericsson
[2] R1-114413, “Way Forward on UL Power Control Enhancement”, ZTE, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CATT, Qualcomm
[3] R1-113648, “Power control design for UL CoMP scenario 3 and 4”, Huawei, HiSilicon
_1389340003.unknown

_1389340005.unknown

_1389340006.unknown

_1389340007.unknown

_1389340004.unknown

_1389339999.vsd
�

eNodeB


Preamble


RP selection


CRS


RSRP measurement


UE


Preamble


RP selection


CRS


RSRP measurement&PL calculation


eNodeB


UE


RRC signaling (power offset)


CRS


RSRP measurement&PL calculation


RRC signaling (power offset)


Preamble


RP selection


CRS


RSRP measurement&PL calculation


eNodeB


UE


RRC signaling (power offset)


CRS


RSRP measurement&PL calculation


RRC signaling (power offset)


T0


T1


T2


T3


T4


Preamble


RP selection


CRS


RSRP measurement&PL calculation


eNodeB


UE


RRC signaling (power offset)


CRS


RSRP measurement&PL calculation


RRC signaling (power offset)


T0


T1


T2


T3


T4


PL error still exist


No PL error corrected


Preamble


RP selection


CRS


PL1 


eNodeB


UE


RRC signaling (
CSI-RS configuration)


PL2 


CSI-RS


T0


T1


T2


CRS


T4


PL error 


No PL error 


T4


T5


CSI-RS


PL3 


PL4 



_1389340001.unknown

_1389339996.vsd
�

eNodeB


Preamble


RP selection


CRS


RSRP measurement


UE


Preamble


RP selection


CRS


RSRP measurement&PL calculation


eNodeB


UE


RRC signaling (power offset)


CRS


RSRP measurement&PL calculation


RRC signaling (power offset)


Preamble


RP selection


CRS


RSRP measurement&PL calculation


eNodeB


UE


RRC signaling (power offset)


CRS


RSRP measurement&PL calculation


RRC signaling (power offset)


T0


T1


T2


T3


T4


Preamble


RP selection


CRS


RSRP measurement&PL calculation


eNodeB


UE


RRC signaling (power offset)


CRS


RSRP measurement&PL calculation


RRC signaling (power offset)


T0


T1


T2


T3


T4


PL error still exist


No PL error corrected


Preamble


RP selection


CRS


PL1


eNodeB


UE


RRC signaling (power offset)


RRC signaling (CSI-RS configuration)


PL2


RRC signaling (power offset)


T0


T1


T2


T3


T4


PL error still exist


No PL error 


CRS


CRS


Preamble


RP selection


PL1


eNodeB


UE


RRC signaling (power offset)


RRC signaling (CSI-RS configuration)


PL2


RRC signaling (power offset)


T0


T1


T2


T3


T4


PL error still exist


No PL error 


CRS


CRS


�

CRS


Preamble


RP selection


PL3


eNodeB


UE


RRC signaling ( offset)


RRC signaling (CSI-RS )


PL2


RRC signaling (power offset)


T0


T2


T3


T4


T5


PL error 


No PL error 


CRS


CRS


�

CRS


T1


PL1


PL4


Preamble


RP selection


eNodeB


UE


RRC signaling (offset)


RRC signaling (offset)


T0


T3


T4


T5


PL error 


No PL error 


CRS


CRS


CRS


T1


T2


PL1


�

PL2


PL2



