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1. Introduction

On RAN1#68 meeting CSI-RS based signal quality measurements on CoMP resource management set was agreed as working assumption in RAN1 [1]. On RAN1#68bis some details of CoMP resource management set and measurement were clarified [2]. This paper discusses the remaining issues of the signal quality metrics in CSI-RS based signal quality metric definition. 
2. Discussion on signal quality measurements metrics
Signal quality metrics in CoMP are expected to provide initial information to the network on the nearby transmission points for configuration of CoMP measurement set. It is therefore important that signal quality metric can be measured accurately. In Rel-8 RRM measurement are performed on CRS which are autonomously detected by the UE. In this case UE will not perform RRM measurements until the CRS signal and CRS parameters (PCI) are reliably detected by the UE. On the contrary the CSI-RS resources (CSI-RS parameters) on which RSRP should be measured are configured by the network using RRC signalling. In this case UE may start the signal quality measurements without CSI-RS parameters detection step. However since CSI-RS resources are blindly configured for CoMP resource management set UE may still perform CSI-RS signal detection similarly to CRS to avoid signal quality measurements on weak links. 
Another aspect of CSI-RS signal quality definition is the number of CSI-RS antenna ports that UE may need to measure on. Typically larger number of antenna ports helps to average out the effect of fast fading and therefore give more accurate signal quality metric. This is especially helpful for fading channels with low frequency selectivity and short measurement period where the number of measurement samples may not be enough to collect channel statistics. The measurement over larger number of antenna ports is desirable, for example, in CRS based RSRP/RSRQ measurements, since the CRS measurement bandwidth in general case may be smaller than the system bandwidth. On the contrary the CSI-RS measurement bandwidth is likely to be the same as system bandwidth due to configuration of CSI-RS parameters. In this case the importance of signal quality measurement over multiple antenna ports is not very high, but may be useful. 
Proposal 1: The measurement over multiple configured CSI-RS antenna ports is not mandatory and may be performed at the UEs discretion.

As mentioned above the measurement bandwidth for CSI-RS can be assumed the same as system bandwidth which is known to the UE. In this case signalling of the measurement bandwidth information for CSI-RS based signal quality measurements is not needed. 
Proposal 2: The measurement bandwidth of CSI-RS can be assumed the same as system bandwidth.

Another aspect of signal quality definition is measurement metric. So far only RSRP metric was assumed for configuration of CoMP measurement set. In order to demonstrate that RSRP alone is not sufficient to accurately configure CoMP measurement set a system level simulation were carried out for CoMP scenario 4. It was assumed that CoMP measurement set was configured only by applying CoMP threshold to RSRP of the transmission points. The SINR on CSI-RS resources configured for CoMP measurement set are presented in Figure 1 under assumption that ZP muting is configured for all transmission points in entire CoMP coordination area (i.e. 4 low power nodes and 1 overlay high power macro node).
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Figure 1: SINR on CSI-RS of CoMP measurement set configured 

It can be seen that CoMP threshold values of -9 dB or -12 dB provide notable fraction of CSI-RS resources (transmission points) with very low SINR below (e.g. -3dB or -6 dB), which were included in CoMP measurement set. Since muting for CSI-RS SINR calculation was assumed over entire CoMP coordination area, low SINR on CSI-RS indicates that any CoMP coordination and CSI feedback for such transmission points should be avoided, as it doesn’t provide performance benefits and can even deteriorate the performance in some cases (e.g. in DPS). Therefore additional CSI-RS metrics should be considered for configuration of CoMP measurement set.  
As discussed in [3-4] absolute value of RSRQ type of the measurements may be useful for the network as it captures total interference power on measured CSI-RS and therefore conveys additional information to the network on the quality of the measurement and interference level generated outside of muting transmission point set. However in contrast to conventional CRS based RSRQ measurements, where carrier RSSI is considered in denominator, RSRQ definition for CSI-RS should include RSSI on the REs occupied by CSI-RS only. 
Proposal 3: CSI-RS based RSRQ type of measurements should be supported in addition to RSRP as it provides additional information to the network on the total interference level on measured CSI-RS. CSI-RS based RSRQ is defined as ratio of RSRP to RSSI, where RSSI should be measured on the REs of CSI-RS.
Given discussion above the following CSI-RS based RSPP/RSRQ definitions can be proposed.
RSRP:

CSI-RS reference signal received power (CSI-RS RSRP), is defined as the linear average over the power contributions (in [W]) of the antenna port R15 channel-state information reference signals within the considered system frequency bandwidth.

The channel-state information reference signal R15 according TS 36.211 [3] shall be used by the UE.  UE may use other CSI-RS antenna ports in addition to R15 to determine RSRP if other CSI-RS antenna ports are also configured by the network. 
RSRQ:

Reference Signal Received Quality (RSRQ) is defined as the ratio (CSI-RS RSRP)/(CSI-RS RSSI). The measurements in the numerator and denominator shall be made over the same set of CSI-RS resource elements.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in the reference symbols for antenna port R15, in the system bandwidth by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over CSI-RS in the indicated subframes.

3. Conclusions

In this contribution we have discussed signal quality metrics for CoMP resource management set and the following proposals were made: 
Proposal 1: The measurement over multiple configured CSI-RS antenna ports is not mandatory and may be performed at the UEs discretion.
Proposal 2: The measurement bandwidth of CSI-RS can be assumed the same as system bandwidth.
Proposal 3: CSI-RS based RSRQ type of measurements should be supported in addition to RSRP as it provides additional information to the network on the total interference level on CSI-RS. CSI-RS based RSRQ is defined as ratio of RSRP to RSSI, where RSSI should be measured on the REs of the considered CSI-RS.

Given the proposals above the following CSI-RS based RSPP/RSRQ definitions can be considered.

RSRP:

CSI-RS reference signal received power (CSI-RS RSRP), is defined as the linear average over the power contributions (in [W]) of the antenna port R15 channel-state information reference signals within the considered system frequency bandwidth.

The channel-state information reference signal R15 according TS 36.211 [3] shall be used by the UE.  UE may use other CSI-RS antenna ports in addition to R15 to determine RSRP if other CSI-RS antenna ports are also configured by the network. 

RSRQ:

Reference Signal Received Quality (RSRQ) is defined as the ratio (CSI-RS RSRP)/(CSI-RS RSSI). The measurements in the numerator and denominator shall be made over the same set of CSI-RS resource elements.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in the reference symbols for antenna port R15, in the system bandwidth by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over CSI-RS in the indicated subframes.
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