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1. Introduction

To support UL CoMP in different homogeneous and heterogeneous network scenarios, PUSCH power control has attracted much attention as in [2]~[8] and PUCCH orthogonality and capacity enhancement was also analyzed and discussed in [9]~[12].  
In this contribution, we investigate the potential issues and present our views on PUCCH power control in terms of pathloss measurement and PSD calculation.
This contribution is a resubmission of R1-113327 [14].
2. PUCCH Power Control in Rel-10

The PUCCH power control formula [13] for serving component carrier c is given as follows,
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 can be seen as the target received power and reflect the average interference level. 
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 is composed of the sum of a cell-specific component 
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 and a UE-specific component 
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 provided by higher layers.  
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 is the DL pathloss estimate calculated in the UE for serving component carrier 
[image: image7.wmf]c

.  
[image: image8.wmf](

)

SR

HARQ

CQI

n

n

n

h

,

,

 and 
[image: image9.wmf](

)

F

PUCCH

F

_

D

 are PUCCH format dependent parameters and 
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  corresponds to the number of antenna ports for PUCCH transmission.
3. PUCCH Power Control for UL CoMP

Even though PUSCH could be received jointly by multiple points for UL CoMP, PUCCH may be received by either a single point or multiple points, and therefore PUCCH power control should be able to operate effectively with either single-point or multi-point reception. 
3.1. Single-point reception of PUCCH

In homogeneous network deployment and CoMP Scenario 3, the single-point reception of PUCCH relaxes the requirement of PUCCH orthogonal resources, since the inter-cell interference carried on PUCCH could be mitigated by interference randomization.  If the serving cell is selected as the single reception point of PUCCH, the PUCCH power control mechanism in Rel-10 based on CRS pathloss measurement could be fully reused.  

For CoMP Scenario 3, the DL serving cell association is based on the maximum RSRP.  The RSRP border is not matched with the optimum UL pathloss border as discussed in [8].  The macro-UEs between two borders may incur serious interference to the pico-UEs’ PUCCH.  Boosting the PUCCH transmit power of pico-UEs to suppress the interference from macro-UEs may bring severe inter-cell interference if the LPN is located at the macro-cell edge.  Another solution is to distinguish UL reception point(s) from DL transmission point(s) which has been proposed by several companies such as [4] and [8].  Thus the single reception point of PUCCH may be not the DL serving cell of the UE, such as the closest LPN to macro-UE.  Furthermore, the desired pathloss to the single reception point for PUCCH is in general different from the equivalent pathloss from multiple points for PUSCH.  To address this issue, an independent reference signal (CRS or CSI-RS) for PUCCH pathloss measurement and calculation could be indicated to the UE via higher-layer signalling.  However, the orthogonal resource of PUCCH format 1/1a/1b depends on the corresponding CCE index on PDCCH from its serving cell.  As discussed in [1], it needs to be carefully studied whether the orthogonal resource of PUCCH received by non-serving cell of the UE can be guaranteed.
For CoMP Scenario 4, in view of the fact that multiple points share the same cell-ID and the PUCCH resources are guaranteed to be orthogonal within the macro-cell coverage area, the single-point reception of PUCCH cannot release the available PUCCH orthogonal resources.  It seems more reasonable to assume multi-point reception of PUCCH in CoMP Scenario 4 to achieve coherent combining gains if the backhaul latency is sufficiently low. 
Note also that if simultaneous transmission of PUCCH and PUSCH is used the transmit power setting between PUCCH and PUSCH may be not proportional, if PUCCH is configured for only single point reception while PUSCH are configured for multi-point reception for UL CoMP. 

3.2. Multi-point reception of PUCCH
For simplicity, we assume that PUSCH and PUCCH are decoded at the same set of cooperating reception points in case of multi-point reception of PUCCH.

Similar to PUSCH power control, especially in heterogeneous networks, the DL cooperating points requiring CSI reporting may be different from the preferred UL cooperating points requiring pathloss measurement.  Using the CRS or CSI-RS transmitted from DL cooperating points may lead to a mismatch of UL pathloss measurement.

Note that the control signals in PUCCH of LTE-Advanced Rel-10 have fixed modulation and coding level.  Different from PUSCH, the coherent combining gain from multi-point joint reception can not be transferred to signal throughput improvement.  Thus in case of multi-point reception of PUCCH, the design of PUCCH power control for UL CoMP UEs could aim to reduce the transmission power of UE so as to minimize the inter-cell interference.
Regarding the flexible UE-specific cooperating set of UL CoMP, the cell-specific component[image: image11.wmf]PUCCH
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 becomes not optimized and UE-specific component[image: image12.wmf]PUCCH
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may not cover the effective pathloss variation, especially for CoMP Scenario 4.  To address this issue and realize optimum PUCCH power control, we suggest some possible solutions as follows,
· Alt 1: Predefine the effective pathloss calculation as in [2].

· Alt 2: Extend the dynamic range of UE-specific component[image: image13.wmf]PUCCH
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.
· Alt 3: Introduce a fractional pathloss compensation factor 
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dedicated for PUCCH, which is a UE-specific parameter indicated by higher-layer signalling.  
With Alt 3, the misalignment issue of DL/UL cooperating points are handled since the effective UL pathloss for PUCCH power control could be measured and calculated based on SRS at macro-eNB/RRHs.
4. Conclusions

In this contribution, we analyze the PUCCH power control for UL CoMP subject to single-point or multi-point reception of PUCCH, respectively. To optimize the PUCCH power control, we therefore make the following proposals:

Proposal 1: In order to support single-point reception of PUCCH while CoMP reception is used for PUSCH (such as with respect to homogeneous networks and CoMP Scenario 3), 
1. Introduce RRC signalling of the Cell ID and Antenna Port to be used for pathloss derivation for PUCCH power control, independently of the Cell ID / Antenna Port used for PUSCH pathloss compensation. 
Proposal 2: In order to support multi-point reception of PUCCH (such as with respect to CoMP Scenario 4): Adopt one of the following:

1. Predefine the effective pathloss calculation (which may be different from PUSCH effective pathloss calculation), or 

2. Extend the dynamic range of UE-specific component[image: image15.wmf]PUCCH
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, or
3. Introduce a fractional pathloss compensation factor 
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dedicated for PUCCH.
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