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1. Introduction
According to the WI description on UL CoMP for Rel-11 [1], enhancements of uplink power control for open-loop as well as closed-loop operation should be supported. In the last 3GPP RAN1 #68 meeting, it is agreed that no enhancement of PUSCH/PUCCH power control is used in Rel-11. CRS-based pathloss measurement and power control mechanism are kept for PUSCH/PUCCH power control. While for SRS power control, the following issues are discussed by email until 3GPP RAN1#68b [2].

· Support of separation of DL and UL association points

· Relation to the PUCCH/PUSCH PC, especially for scenario 4

· Scenarios where CRS is transmitted in an SFN fashion

In this contribution, we share our views about potential enhancements of SRS PC targeting DL CoMP and UL CoMP in Rel-11. The problems of PUSCH/PUCCH PC are analyzed as well.
2. Considerations on Uplink Power Control Enhancement
UL power control mainly targets compensation for path loss and interference reduction with neighboring cells. The current power control mechanism for PUSCH in Rel-10 is written as follows (similar PC formulas are given in [3] for PUCCH PC and SRS PC)

[image: image1.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

×

+

+

=

)

(

)

(

)

(

)

(

))

(

(

log

10

),

(

min

)

(

c

TF,

c

O_PUSCH,

c

PUSCH,

10

,

CMAX

c

PUSCH,

i

f

i

PL

j

j

P

i

M

i

P

i

P

c

c

c

c

a

,  (1)
· 
[image: image2.wmf]c

PL

 is the estimated downlink pathloss calculated in the UE for the serving cell 
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 = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is defined as linear average over the power contributions (in [W]) of all resource elements that carry cell-specific reference signals (CRS) within the operating system bandwidth at eNB side. RSRP is defined as received power (in [W]) of CRS at UE side.
As to SRS power control, both open-loop and closed-loop power control components are the same as PUSCH except for the additional high-layer configured 
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. Both PUSCH/PUCCH and SRS power control use the same pathloss value, which is calculated based on RSRP measurement of CRS from the downlink serving cell. There is no problem for Rel-10 due to the matched serving cell for DL and UL. However, in CoMP scenarios, it will lead to undesired power control consequences as explained in the next subsections.
2.1. Consideration on SRS Power Control 

In Rel-11, SRS would be received by multiple points for CoMP. For DL CoMP, multiple points in the cooperating set/measurement set will receive SRS from a specific UE simultaneously to estimate CSI between these TPs to the UE. For UL CoMP, multiple points in cooperating set/measurement set will receive SRS simultaneously to estimate CSI between these RPs to the UE. Since the transmit power is probably different between Macro and pico RRHs, the DL and UL CoMP sets may be different. According to the agreement in the last meeting [2], there is no enhancement for PUSCH power control, which means the pathloss for PUSCH power control should be estimated by CRS from the downlink serving cell. For the case when the downlink serving cell is not one of the RPs in UL CoMP, for example, when Macro is the downlink serving cell while pico is the uplink receiving cell, the pathloss from Macro cell is larger than that from pico cell. To achieve the desired received power of PUSCH at pico cell, it requires either lower 
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 or frequent negative TPC command to compensate the overestimated pathloss.
If PUSCH power control could work efficiently, it seems there is no big problem for an aligned SRS power control targeting UL CoMP with proper
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. But if the same power is applied to SRS targeting DL CoMP, the received power of SRS at the macro cell would be too small to be successfully received. On the other side, if 
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 is set to be large enough to guarantee the performance of SRS at the macro cell, the received SRS power at pico cell would be excessively high leading to serious uplink interference. Therefore, if there is only one power control process for SRS, the eNB would have to choose to optimize either for UL CoMP operation or for DL CoMP operation, which leads to low efficiency and degraded performance [4][5]. Therefore, we propose to introduce independent SRS power control process for UL and DL CoMP. This can be achieved by several approaches:
· Separate pathloss estimation for SRS could be based on configurable CSI-RS for DL or UL. The pathloss used by SRS power control for DL CoMP is estimated by the aid of CSI-RS configured for DL CoMP while the pathloss used by SRS power control for UL CoMP is estimated by the aid of CSI-RS configured for UL CoMP. Whether other parameters of open-loop part should be separated configured depends on the PUSCH power control scheme,

· If Rel-10 PUSCH power control is reused, the pathloss used for PUSCH power control is different from that used for SRS targeting either UL or DL CoMP. The 
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 used for PUSCH power control is not proper for SRS which leads to either additional separate 
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  configuration for SRS or larger range of
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. 
· If PUSCH power control could be adjusted based on CSI-RS, the open-loop part of SRS for UL CoMP except 
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 could be the same as PUSCH. The range of 
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in Rel-10 may be adequate without any modification.
· Separate pathloss estimation for SRS where the pathloss used by SRS for DL CoMP is based on CSI-RS configured for DL TPs while the pathloss used by SRS for UL CoMP is based on CRS which is the same as PUSCH according to current PUSCH power control agreement. 
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 for UL and DL CoMP could be configured separately. The range of 
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in Rel-10 may be adequate without any modification. 
· The pathloss used by SRS for both UL and DL CoMP are based on CRS which is the same as PUSCH according to current PUSCH power control agreement, while 
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 could be configured separately. The range of 
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 may be adequate for UL CoMP while the range of 
[image: image18.wmf]SRS_OFFSET

P

 would be not enough for DL CoMP.
· In addition, the closed-loop TPC commands could be configured separately to support dynamic power adjustments. 
Proposal 1: Introduce independent SRS power control process for UL and DL CoMP.
2.2. Consideration on PUSCH/PUCCH Power Control
From the above analysis, it can be seen that PUSCH power control affects SRS power control largely,  due to the fact that SRS power control design in Rel.10 is aligned with PUSCH power control except
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. Some considerations on PUSCH/PUCCH power control in CoMP scenarios will be given below.

In CoMP scenario 3, there exists power imbalance between macro and pico cells, and the pico cell’s UL coverage area is larger than its DL coverage area. Therefore for some UEs in the range expansion area, the preferred UL receiving cell does not coincide with the DL serving cell. As depicted in Fig.1, UE1 receives PDCCH from macro eNB while it transmits PUSCH/PUCCH to RRH1. In this case, the PUSCH/PUCCH power control of this UE is based on CRS-based pathloss estimation from the macro eNB. It will incur undesired power control result when the UE moves from macro eNB to RRH1. That means, the transmission power of PUSCH/PUCCH is expected to be reduced, however the estimated pathloss value based on CRS from macro eNB is getting larger, which makes the power control of PUSCH/PUCCH develop in an opposite way. The above problem leads to suboptimal UL power control, resulting unnecessary UL interference and power consumption for the UEs.
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Fig.1 CoMP scenario 3
A similar problem exists for the case of CoMP scenario 4, where CRS is assumed to be transmitted in SFN mode and the UE receives CRS from all the points. While for PUSCH/PUCCH, only one or several points receive the uplink signals, which results in a mismatch for DL CRS transmission and UL reception. Therefore, if there is no enhancement of PUSCH/PUCCH power control, both Rel-10 UEs and Rel-11 UEs have inaccurate PL estimation and thus the power control process is inappropriate. 
Based on the above analysis, PUSCH/PUCCH power control in CoMP scenario 3 as well as CoMP scenario 4 needs to be enhanced. According to previous discussion on PUSCH/PUCCH power control, companies have realized that problems exist in CoMP scenario 3&4 and agreed that enhancements of PUSCH/PUCCH power control are needed. Two ways of PUSCH/PUCCH power control enhancement were discussed in the last meeting. One was CSI-RS based pathloss calculation in the OLPC and the other was RRC based UE-specific adjustment. But unfortunately, the method for enhancement was still not decided and finally no enhancement for PUSCH/PUCCH power control in Rel-11 was agreed. However, it should be kept in mind that traditional CRS-based pathloss estimation mechanism of power control is not optimal in CoMP scenarios and enhancement of PUSCH/PUCCH power control needs to be considered: even if it is not executed in Rel-11 it should be possible to optimize in future releases. Moreover for the new case of additional carrier type, in which no CRS is transmitted, enhancements of PUSCH/PUCCH power control are also needed.

Proposal 2: Further enhancement of PUSCH/PUCCH power control needs to be considered.
3. Conclusions
In this contribution, we discussed potential SRS power control enhancements for CSI estimation in DL CoMP as well as UL CoMP. Also analysis of PUSCH/PUCCH power control was provided in the text. Based on the analysis above, we propose:
Proposal 1: Introduce independent SRS power control process for UL and DL CoMP.

Proposal 2: Further enhancement of PUSCH/PUCCH power control needs to be considered.
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