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1. Introduction

In RAN1 #68bis [2], it was concluded with some open issues that:
Agreement:

- The CSI-RS based received signal quality measurement would at least be CSI-RS RSRP

Open issues FFS until RAN1#69:

· Maximum size of the CoMP Resource Management Set

· How many antenna ports are used for the CSI-RS RSRP measurement

· Whether to support RSRQ-type CSI-RS based measurement in addition to CSI-RS RSRP measurement

· Bandwidth for the CSI-RS RSRP measurement 

· use system bandwidth

· or CSI-RS BW if configured separately

· or do not specify in RAN1 specs

· Detailed wording of CSI-RS RSRP measurement definition

In this contribution, we proceed with the discussion on further details on CoMP resource management set.



2. CSI-RS based measurement 
CoMP Resource Management Set can contain a large number of CSI-RS resources, so the signal quality measurement should be simple for UE to implement and good for eNB to determine whether a transmission point (TP) should be included in the CoMP measurement set or not, if so, at least the corresponding CSI feedback will be required with possible additional CoMP-specific report (e.g., aggregated CQI). 
It was agreed that CSI-RS based received signal quality measurement and reporting for each CSI-RS resources defined in the CoMP Resource Management Set would be at least CSI-RS based RSRP.

CRS-based RSRP definition in TS36.214 is:

	Definition (CRS-based RSRP [TS36.214])
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals R0 according TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP.

The reference point for the RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches. 

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

Clearly for CSI-RS based RSRP, the definition will be revised to “resource elements that carry CSI-RS”. Two aspects were left or further discussion.
Considered measurement frequency bandwidth
CSI-RS configuration does not contain bandwidth information because CSI-RS normally occupies the same bandwidth as system bandwidth. For CoMP operation which is for intra-frequency co-channel deployment, it is very difficult to imagine that different eNBs (or TPs) occupy different bandwidth in the same band and same network. The scenario mentioned in [3] is not normal. A reduced PA cost from a reduced bandwidth seems not justified compared to the more important metrics to operators: spectral efficiency and network capacity.

System bandwidth is clearly in the RRM scope, and should not be involved in CSI-RS based RSRP measurement. In RRM CRS-based RSRP measurement, UE may have to deal with a different system bandwidth in the inter-frequency case. Even in that case, the RSRP measurement bandwidth is left to UE implementation (see note-1 above). But in CoMP, there is no reason for the UE not to assume the CSI-RS bandwidth is the same as system bandwidth. 

Proposal #1: UE can assume CSI-RS occupies the system bandwidth during CSI-RS based received signal measurement. 

Antenna ports used for CSI-RS based receive signal measurement 

For CRS-based RSRP for RRM, UE may not know the neighbor cell configuration: its existence, synchronization status, system bandwidth, number of CRS ports, etc. Hence CRS port #0 may be the only port that a UE can use to measure RSRP. For CSI-RS RSRP measurement, everything is known and the CSI-RS resources are configured in the CoMP Resource Measurement Set. Normally the UE can use all the ports in the corresponding CSI-RS resource to measure RSRP. Even for the case where multiple geographically separated TPs are aggregated and configured as a single CSI-RS resource, the main purpose there is to enable some aggregated CSI/CQI feedback, perhaps in a TP-transparent manner. That actually means this “aggregated” TP should be treated as a whole in CoMP measurement set configuration. RSRP measurement is for the purpose of making sure that further aggregated CSI is indeed useful and thus this “aggregated” TP should be included in the CoMP measurement set. For that reason, the RSRP measurement should actually include all antenna ports in that combined CSI-RS resource.

Proposal #2: UE should use all the antenna ports defined in the CSI-RS resource for CSI-RS based received signal measurement. 

3. CSI-RS based RSRQ  
RSRP measurement will require UE to explicitly estimate the channel from the CSI-RS sequence and accumulate the power. The relative RSRP difference between TPs reflects well the relative receive quality from different TPs, for the purpose of determining if further CSI feedback should be fed back.  The only thing that eNB does not know is the comparison to interference power. If the RSRP of a TP is much lower than interference power, it may not be useful to include that TP in the CoMP measurement set. However, since the TPs included in the CoMP measurement set are typically within a small threshold, there is a good chance that either all the TPs in this pack are included or excluded. In any case, eNB may be able to get an interference measurement if it needs to compare RSRP of a TP to the interference power out of the CoMP measurement set, becuase eNB is in the best position to know the reference interference power of a particular UE (which could be different for different UEs).  
SINR for CSI-RS is not defined so it will be a new metric.  Depending on the definition of interference power, SINR could be just RSRP divided by interference power out of CoMP measurement set or by all TPs other than the measured one. We can refer to these two types of SINR definitions as SINR_1 and SINR_2. SINR_2 estimated from different TP may not be compared with each other due to unequal denominator, but SINR_1 can be compared and perhaps more useful for determining the inclusion or not of a TP. But since the estimation of out-of-set interference is another factor of inaccuracy, compared with a simple RSRP difference, the relative SINR difference may not accurately reflect the receive quality difference among TPs.
CRS-based RSRQ has also being defined for RRM in TS36.214. 
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.
E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks 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 all OFDM symbols in the indicated subframes.
The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


RSRQ is basically the ratio of RSRP over RSSI, where RSSI is defined as the “total received power observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth”. Extending to this case, RSSI will be measured on the two OFDM symbols containing CSI-RS.  So RSSI includes power from out-of-set interference and TPs whose CSI-RS resources also reside on the same two symbols. RSRQ approaches “1” if its RSRP dominates in RSSI, or can be approximates as SINR when SINR<<1, i.e., when much lower than other TP’s power plus interference. So if the RSRQ is very small than 1, it suggests the TP is either weak compared to other TP or to interference. But the difference of RSRQ cannot give more information than RSRP difference.  
Proposal #3: RSRQ is not critical for determining CoMP Resource Measurement Set, given the presence of RSRP. 


4. RSRP reporting

Proposal #4:

· Both “CoMP measurement set” and “CoMP resource management set” are RRC configured
· Reporting of CSI-RS RSRP can be event-triggered to reduce reporting frequency and thus incurred overhead. 
· An example of event-triggered reporting could be based on comparing RSRP difference with a configurable threshold


5. Timing assumption on CSI-RS based measurement 
In RAN1 #68 [1], it was concluded that:

· Working assumption according to R1-120895 (as modified below) so that work can continue. 
· Send an LS to RAN4 asking them to inform RAN1 what timing and measurement accuracy is feasible. 
· The final decision as to whether to confirm or abandon the working assumption will be made by RAN1 depending on the feedback received from RAN4. RAN1 may also take into account other information.  
While waiting for RAN4 feedback on question of “what timing and measurement accuracy is feasible for CSI-RS based received signal quality measurement”, we want to describe the UE assumption when making CSI-RS based measurement for CoMP Resource Management Set.

CoMP Resource Management Set related measurement/reporting is mainly for the purpose of managing the size of CoMP measurement set so that eNB can configure the required feedback channel. This is different from RRM measurement in Rel-8/9/10 based on CRS, where RSRP/RSRQ of neighbor cells are measured. For RRM, since the neighbor cell list may not be provided, the UE may need to search for all potential cells and monitor their RSRP/RSRQ. Moreover, the timing of neighbor cells may not synchronized with that of the serving cell, so the UE needs to acquire the timing based on neighbor cells’ PSS/SSS. Unlike the neighbor cell RSRP/RSRQ measurement for RRM, the UE, when configured to measure a set of CSI-RS ports should not be concerned about acquiring the timing or frequency. In fact, CoMP is expected to be applied in a synchronized network (i.e., transmitter timing/frequency is assumed to be synchronized among all eNBs). Since CoMP is also expected to be useful when signals from TPs are within certain threshold, the propagation time difference between TPs is expected to be within the CP. Therefore, the UE needs not to acquire any timing but that of the serving cell. It is important to make that assumption at the UE. Otherwise, the issue of CSI-RS based timing/frequency acquisition, even if feasible within expected accuracy, can add significant processing complexity to UEs.

Proposal #5:
· A UE, when configured to measure CSI-RS resources configured in the CoMP Resource Management Set, should assume the same timing as that of the serving cell (i.e., no need to acquire any other timing)


6. Conclusion

In this paper, we discussed further details on CoMP resource management set.  The proposals are summarized as follows.
Proposal #1: UE can assume CSI-RS occupies the system bandwidth during CSI-RS based received signal measurement. 

Proposal #2: UE should use all the antenna ports defined in the CSI-RS resource for CSI-RS based received signal measurement. 

Proposal #3: RSRQ is not critical for determining CoMP Resource Measurement Set, given the presence of RSRP. 

Proposal #4:

· Both “CoMP measurement set” and “CoMP resource management set” are RRC configured
· Reporting of CSI-RS RSRP can be event-triggered to reduce reporting frequency and thus incurred overhead. 
· An example of event-triggered reporting could be based on comparing RSRP difference with a configurable threshold
Proposal #5: A UE, when configured to measure CSI-RS resources configured in the CoMP Resource Management Set, should assume the same timing as that of the serving cell (i.e., no need to acquire any other timing).
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