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1. Introduction
In order to support the uplink CoMP scenarios defined in [1] [2], uplink power control related issues were addressed in [3] [4] [5] [6] [7] [8] [9] [10]. The uplink power control enhancements were summarized in [2] as follows: 
Enhancements to the uplink power control for open-loop as well as closed-loop operation may be considered including e.g. 

· enhancement to support selection of intended reception point(s) 

· potentially take into account new interference environment

· path-loss determination and signaling that targets intended reception point(s)

· reception point(s) may vary for different uplink physical channels
To ensure accurate reception of SRS at the coordinating points, further enhancements to the power control scheme for SRS may be considered. Enhancement for the uplink timing advance control to support efficient JR CoMP operation may be considered
· including possible enhancement on RACH transmission

In addition, coexistence with legacy UEs should be considered in these UL CoMP enhancements. 
This contribution studies the issues of cell specific uplink power control parameter signaling specified in Rel-10 [11] [12] [13] [14] in the context of the uplink CoMP scenarios defined in [1] [2]. 
2. Summary of Uplink Power Control Cell Specific Signaling Issues in UL CoMP
In the previous discussion, such as in [4] [15], there was a common view for DL/UL CoMP that the downlink TPs and uplink RPs may not be same for a specific UE, which introduces both issues of pathloss measurement and cell specific signaling for uplink power control.
In uplink power control according to current Rel-10 specs, there are cell specific parameters broadcasted by each cell:
· P0 value: P0 used in the power control equation [13] includes the cell specific part and UE specific part as well as a distinction between PUSCH and PUCCH in each CC. Thus, the cell specific P0 part includes the following:
· 
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: The alpha value is only cell specific (not UE specific)
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 value corresponds to a PUCCH format (F) relative to PUCCH format 1a
· 
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: deltaPreambleMsg3 is used to set the cell specific power offset of uplink transmission of the random access response grant in random access procedure
All parameters are signaled in UplinkPowerControlCommon IE as:
UplinkPowerControlCommon ::=

SEQUENCE {


p0-NominalPUSCH




INTEGER (-126..24),


alpha






ENUMERATED {al0, al04, al05, al06, al07, al08, al09, al1},


p0-NominalPUCCH




INTEGER (-127..-96),


deltaFList-PUCCH




DeltaFList-PUCCH,


deltaPreambleMsg3




INTEGER (-1..6)

}

The enhancements of Rel-10 features were included in UplinkPowerControlComon-V1020 and UplinkPowerControlCommonScell-r10. 
The issues of cell specific uplink power control parameters in uplink CoMP can be summarized as follows: 
1. In CoMP Scenarios #1 and #3, for single TP and RP, when the RP is different than the TP for a specific UE, which set of cell-specific power control parameters should be applied for this UE?
2. In CoMP Scenarios #2 and #4, for RPs with same Cell ID but with different locations, are same cell specific power control parameters applicable?
3. In all CoMP scenarios, for multi-RPs, when the multi-RPs are allocated to one specific UE, how should the legacy cell specific power control parameters defined for this UE?
The detailed discussion of each issue for each cell specific power control parameter is presented in Section 3.
3. Detailed Discussion of each Signaled Cell Specific Power Control Parameter

In this section, each cell-specific power control parameter will be discussed one by one for the uplink CoMP scenarios.
3.1 P0 cell specific component
The P0 value plays the key role in uplink power control equation to decide the base power level. Two different parameters, p0-NominalPUSCH and p0-NominalPUCCH, are used to support the PUSCH/SRS and PUCCH channels separately. 
Unlike other cell specific only parameters, the P0 value also includes the UE specific component for each channel (p0-UE-PUSCH, p0-UE-PUCCH and pSRS-Offset). It is therefore natural to ask whether the UE specific component is sufficient for compensating the P0 gap between the cell specific value and the ideal value for UL CoMP.
We can use the simple case in CoMP Scenario #3 to check this: Let’s assume that only one RP is used for UL CoMP (RP selection case) and this RP is different than the TP for one specific UE. Therefore, for this UE, P0 should be the value in the RP rather than the value received from the TP. E.g., a P0 distribution for Scenario #3 can be obtained from [16] (other simulation settings and detailed results can be found in [16]), see Figure 1.
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Figure 1 P0 Distribution of Uniform UE Distribution, CRE = 0 dB and 16 dB

From Figure 1, we can see that the range of P0 among different cells can reach 20 dB; however, the range of the UE specific P0 parameter (p0-UE-PUSCH and p0-UE-PUCCH) is limited to (-8…7) dB, i.e., the current specification is not sufficient for compensating the possible cell specific P0 value gap.
Observation: 

· The UE specific P0 components cannot compensate efficiently for the gap of the P0 value in UL CoMP.
Alternative methods are necessary to compensate the value gap between the UL CoMP intended P0 value and the received TP P0 value.
Two straightforward candidate solutions would be:

Alt.1 - The new parameters of P0 are added in Rel-11 and are defined as RP set specific for uplink CoMP, which will be used to replace the original cell specific P0 component used in the power control equation.
Alt.2 - Use the closed loop power control mechanism to compensate the P0 value gap in uplink CoMP. This alternative does not require specs changes but needs evaluation of the incurred signaling overhead.
Therefore, we propose that:
Proposal: 

· The investigation and comparison of the following two alternative solutions for P0 setting in UL CoMP:

· RP Set Specific P0 value for UL CoMP
· CLPC TPC Command Only for compensating the P0 value gap
3.2 alpha value of the FPC algorithm
Alpha (
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) plays an essential role in the FPC (Fractional Pathloss Compensation) power control algorithm and can be set to different values for different Cell IDs.
When the RP is different than the TP in Scenarios #1 or #3 for a specific UE, the RP related alpha value rather than the TP related alpha value should be signaled to the UE. However, when multi-RPs are selected for a specific UE, it is not straightforward to decide the appropriate value for alpha. Moreover, the efficiency of the FPC algorithm needs to be investigated in this case.
Proposal: 

· We need to investigate the efficiency of the FPC in UL CoMP:

· If FPC is still sufficient for UL CoMP, an RP Set Specific alpha value is necessary.
· If FPC is not sufficient for UL CoMP, the alpha value should be set as default to 1 in order to disable FPC for UL CoMP.
3.3 
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 (deltaFList-PUCCH), which is cell specific according to the current specification, plays a key role for compensating the difference among uplink PUCCH channels. For UL CoMP, independently from whether a single RP or multi RPs is defined, the new RP set specific value list should be signaled to the UE. 
Proposal: 

· RP Set Specific deltaFList-PUCCH should be supported for UL CoMP.

3.4  
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 provides the cell specific power offset for the transmission of the random access response grant in random access procedure, see Figure 2.
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Figure 2 Uplink Power Control Procedure in Random Access
Since there is also the UE specific power offset adjustment parameter 
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, this needs to be investigated for its efficiency in compensating the potential gap due to uplink CoMP.
In addition, because of the importance of the random access procedure as the initial transmission during network entry, the relationship between random access and uplink CoMP needs to be also investigated.
Proposal: 

· In a first step, we need to investigate the relationship between UL CoMP and random access procedure. Then, we need to investigate the efficiency of the UE specific power offset adjustment parameter 
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 for uplink CoMP:

· If 
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is  sufficient, no change is required in the current specs.
· If 
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is not sufficient, a new random access response grant is necessary to include the RP set specific parameter deltaPreambleMsg3.
4. Summary
This contribution addresses the issues of cell specific uplink power control parameter signaling specified in Rel-10 in the context of the uplink CoMP scenarios of Rel-11. Based on the results and discussion in Sections 2 and 3, the following observations are made:

· The UE specific P0 components cannot compensate efficiently for the gap of the P0 value in UL CoMP. 
Based on the identified problems of cell specific uplink power control parameter signaling in UL CoMP scenarios, the following is proposed:
· The investigation and comparison of the the following two alternative solutions for P0 in UL CoMP:

· RP Set Specific P0 value for UL CoMP

· CLPC TPC Command Only for compensating the P0 value gap.
· We need to investigate the efficiency of the FPC in UL CoMP:

· If FPC is still sufficient for UL CoMP, an RP Set Specific alpha value is necessary.
· If FPC is not sufficient for UL CoMP, the alpha value should be set as default to 1 in order to disable FPC for UL CoMP. 
· RP Set Specific deltaFList-PUCCH should be supported for UL CoMP.

· In a first step, we need to investigate the relationship between UL CoMP and random access procedure. Then, we ned to investigate the efficiency of the UE specific power offset adjustment parameter 
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 for uplink CoMP:

· If 
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is  sufficient, no change is required in the current specs.
· If 
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is not sufficient, a new random access response grant is necessary to include the RP set specific parameter deltaPreambleMsg3.
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