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1. Introduction

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.  
· Introduce CSI-RS based received signal quality measurement (e.g. RSRP) and reporting, at least for the following purpose:
· CoMP measurement set management for CSI feedback (according to the definition in TR36.819).
· This functionality is configurable by network
· Note that this proposal does not have any impact on inter-cell mobility handling
· For the purpose of the CSI-RS based received signal quality measurement, the UE may assume the timing of the received CSI-RSs is the same as that derived from the PSS/SSS of the serving cell
· Note that this does not imply anything about the assumed timing for other measurements 
While waiting for RAN4 feedback on question of “what timing and measurement accuracy is feasible for CSI-RS based received signal quality measurement”, we proceed with the discussion on CoMP measurement set management, based on the working assumption.



2. CoMP Measurement Assumption
CoMP measurement reporting is mainly for the purpose of managing the size of reporting 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. 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 #1:
· A UE, when configured to measure a number of CSI-RS resources, should assume the same timing as that of the serving cell (i.e., no need to acquire any other timing)


3. CoMP Measurement Metric 

In TR36.819, CoMP measurement set is defined as: 
CoMP measurement set: set of points about which channel state/statistical information related to their link to the UE is measured and/or reported as discussed in clause 5.2.2
· The UE reports may down-select points for which actual feedback information is transmitted
· How to measure interference needs to be considered. 
So there are two types of CoMP measurements based on CSI-RS:

· Type 1 measurement: CSI measurement for either per-CSI-RS-resource feedback or aggregated (i.e., PMI, RI, CQI). We will use the term “CoMP CSI measurement set” to denote the CSI-RS resources for which CSI reporting is configured.
· Type 2 measurement: received signal quality (e.g., RSRP/RSRQ) for management the CSI measurement and reporting set. We will use the term “CoMP signal quality measurement set” to denote the CSI-RS resources for which some signal quality metric (discussed later) reporting is configured. 
“CoMP signal quality measurement 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 transmission scheme or not. We can discuss these alternatives:

· RSRP: Received signal power from the designated TP (i.e., RSRP for the configured TP only). This will require UE to explicitly estimate the channel from the CSI-RS sequence and accumulate the power over the entire band or a sub-band. But no estimation of the interference plus noise is needed. The relative RSRP difference reflects well the relative receive quality from different TPs.  Note that interference measurement is treated in a different topic. We think eNB may be able to get an interference measurement if it needs to compare RSRP of a TP with the interference power out of the “CoMP CSI measurement set” since eNB is in the best position to know what is the correct interference power of reference value to a particular UE based on the UE-specific CoMP scheme.  
· RSSI: The total received signal strength indicator will be even simpler for UE to obtain since there is no need for channel estimation. But RSSI will include RSRP from all TPs on those CSI-RS locations, plus interference and noise power. If the network knows that the interference on CSI-RS is negligible, RSSI may be used as a coarse approximation of RSRP. 
· RSRQ: The ratio of RSSP to RRSI is not particularly useful for CSI reporting set management.
· SINR: Depending on the definition of interference power, it could be just RSRP divided by interference power out of CoMP measurement set or by interference power from other than the TP (i.e., with corresponding CSI-RS resource); we can refer to these two 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. Both SINR_1 and SINR_2 require the estimation of noise plus interference power on each CSI-RS resource. This is additional UE complexity and the estimation accuracy is a concern due to CSI-RS density (because good channel estimation is needed for reliable noise plus interference power estimation). Hence, compared with RSRP difference, the relative SINR difference may not be accurately reflect the receive quality difference among TPs. 
Proposal #2:

· Define “CoMP CSI measurement set” to denote the CSI-RS resources for which CSI reporting is configured, to differentiate from “CoMP signal quality measurement set” that contains the CSI-RS resources for which signal quality metric reporting is configured. 
· Define RSRP as the CSI-RS based signal quality measurement metric. 


4. CoMP signal quality measurement reporting

Given the definition of “CoMP CSI measurement set” and “CoMP signal quality measurement set”, the reporting procedure is discussed here.

Proposal #3:

· Both “CoMP CSI measurement set” and “CoMP signal quality measurement set” are RRC configured
· Reporting of signal quality (i.e., RSRP in our proposal) 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
· There may be no need to explicitly define any “CoMP reporting set” since a measurement set implies the need of reporting 


5. RRM Measurement Set 
The agreement is that CSI-RS based received signal quality measurement is for managing the CSI reporting set, i.e., managing the “CoMP CSI measurement set”, and it has no impact on inter-cell mobility management that involved RRM and RLM measurement procedure. According to TR36.819, “RRM measurement set” is the set of cells for which RRM measurement is performed. The set is naturally defined as a set of cell IDs each of which is associated with a CRS. 

RRM measurement in Rel-8/9/10 is based on CRS. Mobility procedure in 3GPP RATs typically involves the stages of serving cell quality monitoring, cell search to identify candidate neighboring cells, and neighbor cell measurement and mobility decision making. 

For serving cell quality monitoring, i.e., Radio Link Monitoring (RLM), CRS is used. The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality. The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors. The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors.
For cell search to identify candidate neighboring cells, PSS/SSS is used. For neighbor cell measurement, RSRP/RSRQ is again based on CRS. Note that the key difference between CSI-RS based and CRS-based measurement is that 

· UE only relies on higher layer configuration to be able to measure RSRP from CSI-RS. Since CSI-RS is UE-specific, unless its configuration is known, a UE cannot measure them.
· UE may need to detect CRS (i.e., cell ID) before measuring RSRP from CRS.
CRS-based RLM measurement, well-defined in Rel-8, may not reflect the connection quality when control channel quality cannot be estimated from CRS in Rel-11. Therefore, the state of whether UE can stay connected or not (which will trigger cell reselection) may not be determined reliably at the UE. One example is the case of ePDCCH in the future deployment. But for scenario #4 (same Cell ID deployment) where the same PDCCH is sent from all TPs, CRS-based measurement seems still valid.
Proposal #5: 
· No need to confuse “CoMP signal quality measurement set” with “RRM measurement set” for the purpose of managing “CoMP CSI measurement set”. 


6. Conclusion

In this paper, we discussed CoMP measurement set management, based on the working assumption of defining CSI-RS based received signal quality. The related possible confusion of CoMP measurement set and RRM measurement set is also pointed out.  The proposals are summarized as follows.
1. A UE, when configured to measure a number of CSI-RS resources, should assume the same timing as that of the serving cell (i.e., no need to acquire any other timing)
2. Define “CoMP CSI measurement set” to denote the CSI-RS resources for which CSI reporting is configured, to differentiate from “CoMP signal quality measurement set” that contains the CSI-RS resources for which some signal quality metric reporting is configured. 
3. Define RSRP as the CSI-RS based signal quality measurement metric. 
4. Both “CoMP CSI measurement set” and “CoMP signal quality measurement set” are RRC configured.
5. Reporting of signal quality (i.e., RSRP in our proposal) can be event-triggered to reduce reporting frequency and thus incurred overhead. 
a. An example of event-triggered reporting could be based on comparing RSRP difference with a configurable threshold.
6. There may be no need to explicitly define any “CoMP reporting set” since measurement set implies reporting of those measurements.
7. No need to confuse “CoMP signal quality measurement set” with “RRM measurement set” for the purpose of managing “CoMP CSI measurement set”. 
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