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1 Introduction

In RAN1 #68bis meeting, it was agreed for the configuration of Pc as following:
· Configuration of multiple non-zero-power CSI-RS resources includes at least:
· AntennaPortsCount
· ResourceConfig
· SubframeConfig
· Pc 
· Parameter X to derive scrambling initialization

· These parameters are configured per CSI-RS resource

However, some companies proposed to modify this agreement to configure Pc per CSI process [1].
In this paper, we discuss whether Pc should be configured per CSI-RS resource or per CSI process and/or per subframe set. System simulations are conducted to compare the performance of these schemes.
2 Discussion on the configuration of Pc
In Rel-10, the definition of Pc in TS36.211 is: “UE assumption on reference PDSCH transmitted power for CSI feedback Pc. Pc is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the PDSCH EPRE to the cell-specific RS EPRE is denoted by ρA, as specified in Table 5.2-2 and Table 5.2-3.”

In Rel-8, the UE assumption of PDSCH EPRE to CRS EPRE is given by PA, which takes values in [-6, -4.77, -3, -1.77, 0, 1, 2, 3] dB, and Δoffset, which takes values in [-2, 12] dB with a 2 dB step size. Pc was defined in Rel-10 as a combination of PA and Δoffset. 
In Rel-10, Pc is configured per CSI-RS resource and the UE can only be configured with a single CSI-RS resource in TM9. For other transmission modes, the UE is signaled a single value for each of PA and Δoffset. This is the case in Rel-10 no matter whether the UE is configured to report CQIs for multiple subframe sets in HetNet. Thus in Rel-10, the eNB has to operate with a single value of Pc, PA and Δoffset for both CQIs, where the two CQIs are associated with the same channel part and different interference parts. A similar situation can occur in Rel-11 for CoMP, where two CSI processes can be configured for one UE, where the CSI processes share the same CSI-RS resource but use different IMRs. 
It is expected that interference measurements defined in Rel-11 for CoMP will be more accurate than legacy interference measurements since interference conditions can be better controlled at the network side in CoMP operation since IMRs are used for interference measurements. A single Pc per UE for the same channel part should be sufficient for multiple CQI reports from the same UE to account for varying degrees of CQI inaccuracies due to different UE implementations, since these inaccuracies would typically depend on the UE implementation rather than on the channel and interference conditions.
Another concern raised about the configuration of Pc per CSI-RS resource rather than per CSI process is the fact that it would be cumbersome to send signalling for RRC re-configuration of CSI-RS resources when only Pc needs to be updated. However, a similar concern can be raised for the re-configuration of CSI processes if only Pc needs to be updated, but no re-configuration is needed for the association of CSI-RS resource and IMR as well as for CSI reporting modes. If frequent tuning of the UE assumption of PDSCH EPRE to CSI-RS EPRE for CQI derivation needs to be supported, it should be limited to the part of Pc related to Δoffset rather than to the part of Pc that represents the actual ratio of PDSCH EPRE to CSI-RS EPRE (similar to PA).

Observation 1: if frequent tuning of the UE assumption of PDSCH EPRE to CSI-RS EPRE for CQI derivation needs to be supported, then the range of Pc configured per CSI-RS resource should be [-6, -4.77, -3, -1.77, 0, 1, 2, 3] dB and separate signaling of Δoffset in the range of [-2, 12] dB with a 2 dB step size can be appropriately defined by RAN2, in order to be able to update Δoffset without having to re-configure the CSI-RS resources and the CSI processes for the UE. The UE assumption of PDSCH EPRE to CSI-RS EPRE would be given by Pc + Δoffset.
3 System Evaluation
System simulation was conducted to see whether different adjustments for multiple CSI processes associated with the same CSI-RS resource provides any benefit. In the simulation, 3GPP configuration 4b with 4 picos per macro area is assumed. DPS and DPB are utilized in the coordination area consisting of 3 macro sectors. Bursty buffer traffic with FTP model 2 is assumed, with λ=0.2 and packet_size = 0.5 Mbytes. The UE reports 2 DPS CQIs (1 CQI by assuming PDSCH sent by macro, 1 CQI by assuming PDSCH sent by the strongest pico and macro is not blanking) and DPS/DPB CQI (assuming PDSCH sent by the strongest pico and macro is blanking), to help the scheduler allocate resources and select the transmission method. Tuning of the UE’s assumption of PDSCH EPRE to CSI-RS EPRE for a CQI is modelled in the simulation by OLLA. 
Two cases are compared:
· Case 1 (baseline): same OLLA for multiple CSI processes associated with same CSI-RS resource. 

· Case 2: different OLLA for multiple CSI processes associated with same CSI-RS resource.
In Table 1, the performance gain of case 2 over case 1 is provided. For low load with (=0.2, case 2 provides only very marginal performance gain. For high load with (=5, case 2 shows degraded performance. The reason for this degradation is that for 2 OLLA processes assuming pico as the serving cell, the number of HARQ reports used for one OLLA in case 2 is much less than that in case 1, which results in slower convergence of OLLA in case 2, since more traffic is offloaded to the picocell as the traffic load increases. Similar to OLLA, the eNB would also have less relevant information for updating Pc or Δoffset.
Table 1. Performance gain of separate OLLA per CSI process (case 2) over the baseline (case 1)
	Antenna Configuration
	Traffic load (λ)
	Mean UPT
	5% UPT

	2x2
	0.2
	1.63%
	1.24%

	2x2
	5
	-2.42%
	-3.14%

	4x2
	0.2
	-0.52%
	0.46%

	4x2
	5
	-1.35%
	-0.38%


Observation 2: compared with Pc per CSI-RS resource, very marginal benefit or even performance degradation is expected by configuring Pc per CSI-RS process.
Proposal: Pc is configured per CSI-RS resource, as in the current agreement.
· FFS if separate signaling of Δoffset is defined in Rel-11.
4 Conclusions

This paper discussed how to tune the UE’s assumption on PDSCH EPRE to CSI-RS EPRE for CQI derivation. Based on analysis, it was observed that:
Observation 1: if frequent tuning of the UE assumption of PDSCH EPRE to CSI-RS EPRE for CQI derivation needs to be supported, then the range of Pc configured per CSI-RS resource should be [-6, -4.77, -3, -1.77, 0, 1, 2, 3] dB and separate signaling of Δoffset in the range of [-2, 12] dB with a 2 dB step size can be appropriately defined by RAN2, in order to be able to update Δoffset without having to re-configure the CSI-RS resources and the CSI processes for the UE. The UE assumption of PDSCH EPRE to CSI-RS EPRE would be given by Pc + Δoffset.
Based on system simulations, it was observed that:
Observation 2: compared with Pc per CSI-RS resource, very marginal benefit or even performance degradation is expected by configuring Pc per CSI-RS process.
 Finally we propose that:

Proposal: Pc is configured per CSI-RS resource, as in the current agreement.
· FFS if separate signaling of Δoffset is defined in Rel-11.
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