3GPP TSG-RAN WG4 #68bis
R1-121519
Jeju, Korea, March 26-30, 2012
Source:
Intel Corporation
Title:
Signal quality metrics for CoMP RRM measurements
Agenda Item:
7.5.3
Document for:
Discussion and Decision
1. Introduction

The CoMP RRM measurements for configuration of CoMP measurement set have been actively discussed in RAN1. On the last meeting CSI-RS based measurements option was agreed as working assumption in RAN1 [1] and the LS was sent to RAN4 for the following evaluation [2]. However the RAN1 agreement doesn’t capture the specific metric that should be used for CoMP RRM measurements, making feasibility study in RAN4 problematic. This paper provides further clarification on the specific metric to use as well as measurement definitions that can be used in RAN1/4 in the following discussions/evaluations. 
2. Signal quality measurements metrics
It seems to be a common assumption in RAN1 that RSRP on CSI-RS should be used as signal quality measurements. Indeed the received power from cooperating points conveys information on the nearby transmission points of CoMP cluster that may be used for configuration of CoMP measurement set. However RSRP alone doesn’t capture information on interference generated outside of the CoMP cluster that might be very useful for the network due to following reasons:

1. CoMP UE is usually requested to perform CSI measurements for non serving points, which typically may have up to 10dB weaker signal than signal of the serving point. In this case the CSI report for cooperating points (especially relying on subband measurements) become more sensitive to interference generated outside of CoMP cluster. Ignoring this information during configuration of CoMP measurement set may lead to unreliable CSI reports (see Appendix for evaluation results). 
2. RSRP alone is not sufficient metric for evaluation of the points for cooperation usefulness. For CoMP UEs located on the CoMP cluster boundary the strongest interference is usually generated outside of the CoMP cluster, so any coordination with points inside CoMP cluster may not provide benefits and in some cases may deteriorate the system performance.

The example of the measurement issues solely relying on RSRP is illustrated in Figure 1, where UE located on the boundaries of two non synchronized CoMP clusters is shown. In the considered example RSRP measurement on CSI-RS is used for configuration of CoMP measurement set, which consist from two points with RSRP of 0 and -10dB. However the interference power of -5dB generated by the neighbouring CoMP cluster will make coordination with coordination point (with RSRP of -10dB) useless, since interference impact from neighbouring CoMP cluster is more sever. The issue becomes especially important for DPS CoMP scheme, where coordinating point with RSRP of -10dB can be selected as transmitting point. In this case it may take considerable amount of time for the network to identify the issue via several iterations of the outer loop link adaptation. Additionally the negative SINR on CSI-RS of cooperating point is likely further degrade CoMP performance comparing to non CoMP case due to non reliable CSI feedback. On the other hand if CSI-RS RSRQ (or SINR) measured on CSI-RS will be additionally reported, the network will be able to evaluate the interference level generated by neighbouring CoMP clusters (it is assumed that zero power CSI-RS is configured within CoMP cluster). When interference generated outside of CoMP cluster will be accounted in configuration of CoMP measurement set the cooperating point (with RSRP of -10dB) is unlikely to be configured for CSI feedback, therefore providing robustness to the CoMP system and saving CSI feedback overhead. 
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Figure 1: Illustration of CoMP cluster boundary effect
Given the discussion above we propose the following:

Proposal 1: Consider RSRQ (or SINR) measurement on CSI-RS as an additional signal quality metric for CoMP set management, since it may capture interference from neighboring CoMP clusters. 

Proposal 2: Inform RAN2 and RAN4 about the candidate metrics for the following discussion and evaluations.
3. Signal quality definitions

For the sake of clarity we propose to use the following terminologies for different signal quality measurements to be used in the following RAN1/4 discussions:
CSI-RS Signal to Interference and Noise Ratio: CSI-RS SINR

The signal to interference and noise ratio on the downlink CSI-RS measured within the CSI-RS bandwidth.

CSI-RS Reference Symbol Received Power: CSI-RS RSRP

The received power on the downlink CSI-RS measured within the CSI-RS bandwidth. 

CSI-RS Reference Signal Strength Indicator: CSI-RS RSSI

The total received power on the downlink CSI-RS measured within the CSI-RS bandwidth. 
CSI-RS Reference Symbol Received Quality: CSI-RS RSRQ

The received quality measured as ratio CSI-RS RSRP to CSI-RS RSSI measured within the CSI-RS bandwidth.
Proposal 3: Inform RAN4 about definitions of the candidate metrics for the RAN4 evaluations.
Conclusions

In this contribution we have discussed signal quality metrics in CoMP RRM measurements. It has been explained that RSRP alone is not sufficient for configuration of CoMP measurement set, so other metrics CSI-RS RSRQ (or CSI-RS SINR) should be also provided to the network, so as to accurately depict the contribution of interference generated by neighboring CoMP clusters. The additional signal quality metric is expected to improve quality of CoMP measurement set configuration and provide robustness to CSI measurements. It was also proposed to inform RAN4 about considered candidates and provide clear definitions in order to facilitate feasibility analysis requested in RAN1 LS.
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Appendix
This section illustrates possible zero-power and non zero-power CSI-RS configurations and corresponding SINRs on CSI-RS. For sake of illustration CoMP Scenario-1 of homogenous deployment is shown. Figure 2 illustrates three neighboring CoMP clusters (where each CoMP cluster consists of three cells of the same site) with two CSI-RS configurations. Two CSI-RS antenna ports is assumed for CSI measurements. 
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Figure 2: Illustration of synchronous and asynchronous CSI-RS configurations

Typical SINR range on CSI-RS is depicted in Figure 3. It was assumed that zero-power CSI-RS is configured within entire eNB site (3 high power and 12 low power nodes). Geometry SINR was measured on CSI-RS of CoMP measurement set, which for CoMP UEs consist from serving point and up to two cooperating points with RSRPs within 10dB range comparing to the strongest link. The CSI-RS SINR for non CoMP case (for serving points only) is provided in Figure 3 for reference.
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Figure 3: System level evaluation for CSI-RS geometry SINR 

The following observations can be made:

· CSI-RS geometry SINRs for CoMP case are lower than for non CoMP case due to weaker links corresponding to cooperating points.

· CSI-RS geometry SINRs for asynchronous configuration are lower than for synchronous due to higher number of interfering points.

· For asynchronous configuration there is significant number of CSI-RS with negative SINR, where subband CSI measurements are likely to be unreliable. [image: image5.jpg]


















































































































