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Discussion and decision 
1 Introduction 
In RAN1#66bis, companies shared their views on RSRP measurements based on CSI-RS, and a way-forward contribution was discussed [1] during the meeting. In [1], motivations of introducing CSI-RS-based measurement were listed, which are also copied below:
· Additional measurements based on the multiple non-zero-power CSI-RS resources should be studied targeting at least:
· CoMP measurement set configuration for CSI reporting
· UL power control
· Point association/selection
This contribution presents detailed discussion on these motivations of introducing CSI-RS based measurement for Rel-11 CoMP. 
This contribution is a revision of our previous contribution (R1-114227) to include more analyses on the comparisons between the UL signals measurement based method and CSI-RS measurement based method for CoMP TP association and some new discussions on the CoMP measurement set management procedure.
2 CoMP RRM Measurement based on CSI-RS
2.1 Motivation

In [2], functional differences between the conventional RRM measurement and the CoMP RRM measurement were identified and CSI-RS based measurement was proposed as a common mechanism facilitating TP associations for all the CoMP scenarios. 
The CoMP RRM measurement can be defined at least for the following purposes:

1. CoMP measurement set management

· The network needs to be able to determine which TPs should be included in the CoMP measurement set (i.e. addition, removal, replacement).

· We assume inter-cell handover is not one of the purposes of the CoMP measurement set.
2. CoMP cooperating set management, e.g. for slower CS/CB related measurements

· For slower CS/CB (e.g. semi-static point selection), it might be sufficient to have RRC reporting only for these TPs and these TPs need not be added to the CoMP measurement set.
3. Determination of CoMP measurement set after (inter-eNB/inter-cell) handover
· Measurements used by the network to determine a new CoMP measurement set in the target cell upon handover. The measurements might not be directly relevant to the CoMP scheme operating in the current cell.
As CoMP RRM measurement is targeting different usages from the conventional RRM measurement, for efficient and flexible RRM reporting overhead management, it would be beneficial to define the CoMP RRM measurement procedure separately and independently from the conventional RRM measurement. 
The CoMP RRM measurement should be based on CSI-RS measurement for the following reasons:
· For CoMP scenario 4, a CRS-based RRM measurement will not work because the TPs are not distinguishable using CRS by the UE. Furthermore, for CoMP scenario 3, CSI-RS may provide relatively inter-cell interference free measurement compared to that of CRS thanks to the high reuse factors of CSI-RS. To facilitate a common scheme working for all the CoMP scenarios, RRM measurement scheme based on the CSI-RS should be adopted for all CoMP scenarios. Accordingly, RSRP based on CSI-RS should be defined.
· Relying solely on UL signals for CoMP TP associations incurs issues at the network.
· Network implementation complexity: For reliable and accurate CoMP TP associations taking into account UE mobility, all the nodes in the network need to continuously monitor UL signal strength from each CoMP UE, which drastically increases complexity of network implementation. 
· UL intra-cell interference: As UL resources are reused among RRHs in scenario 4, the received UL signals may suffer from co-channel intra-cell interference which results in non-reliable TP association. In contrast, CSI-RS has a large reuse factor and the muting mechanism provides more reliable TP association.
· Partial BW measurement in the UL: Unless full-BW SRS are scheduled to UEs, the TP association may become highly suboptimal in case of highly frequency-selective channels. On the other hand, CSI-RS provides more reliable TP association based on the full-BW measurement. 
· SRS capacity issue: Before an RRH TP is associated with a Rel-11 UE, the Rel-11 UE is likely to be assigned of a Rel-8 SRS base sequence. Hence, if SRS has to be used for determining TP associations by Rel-11 UEs, Rel-8 SRS subframes can be easily over-crowded. In contrast, when CSI-RS based method is used, this problem does not happen as a Rel-11 UEs nearby an RRH TP does not need to be assigned with Rel-8 SRS.
· Relying solely on UL signals for CoMP TP associations certainly does not work for an SCC without UL CC in inter-band carrier aggregation. 
· UE complexity required to measure RSRP based on CSI-RS can be managed by restricting the number of the CSI-RS configurations for measurement by the UE via means of RRC configuration from the eNodeB.
Having a CoMP TP association scheme that is reliable and works in all deployment scenarios of interest is of utmost importance in ensuring the success of the CoMP feature in Rel-11.  We propose that CoMP RRM measurement based on CSI-RS measurement is supported in Rel-11.
According to the proposals in this section, Rel-11 UE can be configured with two types of RRM measurements, as summarized in Table 1.

Table 1: CoMP RRM measurement

	Type of RRM measurement
	Functions
	Measurement

	Conventional RRM measurement
	Inter-cell mobility management
	CRS

	CoMP RRM measurement
	CoMP measurement set management;

CoMP cooperating set management;

Determination of CoMP measurement set after (inter-eNB/inter-cell) handover


	CSI-RS


2.2 CoMP measurement set management procedure
We clarify the CoMP measurement set management procedure in this section.
1. After initial access by the UE, the initial CoMP RRM measurement set is configured by the network based on deployment knowledge. For example, only the set of TPs within the coverage of the serving cell needs to be configured by the network.
2. Upon configuration the CoMP RRM measurement set, the UE measures and reports TP measurement results in the form of RSRP values whenever the configured reporting criterion is satisfied. 
3. Upon reception of UE reports, the network can configure the CoMP measurement set for CSI feedbacks. The network can also refine the CoMP RRM measurement set as it sees fit.
As the UE moves about within the coverage area, the above procedure enables the network to efficiently update the set of TPs in the CoMP measurement set. 
An overview of the procedure is illustrated in Figure 1.
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Figure 1: Overview of CoMP measurement set management procedure
3 UL PC for UL CoMP
In [3], the necessity of the CSI-RS based path-loss measurement facilitating UL PC in CoMP scenarios is discussed. 
In particular, in scenario 4 where the same cell IDs are used in the macro-geographical area, pathloss measured by the legacy mechanism relying on CRS does not accurately reflect the pathloss from the nearest RP. As a result, Rel-11 UEs relying on the OL PC mechanism may transmit UL signals with higher power than needed, to generate higher interference to other RPs. A simple solution to resolve this issue is to allow CSI-RS based pathloss measurement, and apply the pathloss to the OL PC. 
Furthermore, OL PC relying on CSI-RS based pathloss measurement is also beneficial in case traditional OL PC relying on CRS cannot be used, e.g., in extension carriers without CRS.
Please refer to [3] for detailed discussions on the UL PC aspects.
4 Conclusions
Based on the above discussions, our conclusions are summarised below:
Proposal 1: RSRP measurement based on CSI-RS is necessary for CoMP RRM measurement and UL PC, since: 
a. For CoMP RRM measurement, UL signal based method will significantly increase network implementation complexity as all nodes have to continuously monitor all CoMP UEs’ UL transmissions. Other practical system issues may include inaccurate TP associations due to UL intra-cell interference, partial bandwidth measurement in the UL for highly frequency selective channels and SRS capacity issue. In addition, UL signal based method does not work for an SCC without UL CC.
b. For UL PC, overestimate of PL in CoMP Scenario 4 can happen if CRS alone is used, which results in increased network interference [3]. 
Proposal 2: Strive for designing a common RRM measurement scheme applicable for all the 4 CoMP scenarios. 
Proposal 3: Study RSRP definitions based on CSI-RS.
Finally, we also clarify the CoMP measurement set management procedure in Section 2.2. 
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