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1 Introduction

CSI-RS has been discussed in Rel.11 to support CoMP. In RAN1#66 meeting, it is agreed that   

· Allow multiple non-zero-power CSI-RS resources to be configured to a Rel-11 UE by dedicated signalling at least for CSI feedback.
In this contribution, we will discuss our considerations on the CSI-RS configurations and related signalling support.
2 Discussion on CSI-RS configuration
In Rel.10, the CSI-RS configuration is cell-specific and signalled via higher-layer. “Multiple CSI-reference signal configurations can be used in a given cell. One configuration for which the UE shall assume non-zero transmission power for the CSI-RS , and zero or more configurations for which the UE shall assume zero transmission power”[1]. As shown in Fig.1, for Rel.10 UE in TM9, the CSI-RS configuration of its serving cell will be indicated to it by RRC signalling.
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Fig.1 CSI-RS configuration for Rel.10 UE
In Rel.11, in order to support CoMP, the CSI-RS resource configured for cell edge Rel.11 UEs for CSI measurement should be extended to multi-cells which may be involved in CoMP transmission. In last meeting, it is agreed that allowing multiple non-zero-power CSI-RS resources to be configured to a Rel-11 UE by dedicated signalling at least for CSI feedback. As shown in Fig.2, the UE will perform RRM measurement according to RRM measurement set configured by high layer signalling. The eNB will rank the cells according their RSRP/RSRQ strength reported by UE, and then determine the CoMP measurement set (eg. Threshold based) and corresponding CSI-RS configuration for this specific cell edge UE. We can call this procedure as “UE-specific CoMP measurement set /CSI-RS configuration”. 
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Fig.2 CSI-RS configuration for Rel.11 UE
CoMP measurement set is defined as set of points about which channel state information related to their link to the UE is measured and/or reported. It is a subset of RRM measurement set. There are two simple methods for eNB to determine the CoMP measurement set for one UE:
· Threshold based.

Specific thresholds are pre-defined. The cells which channel quality (RSRP/RSRQ strength) below some threshold compared to the serving cell will be added to the CoMP measurement set (As shown in Fig.2). Alternatively, the cells with channel quality above some absolute threshold will be added to the CoMP measurement set. 
· Fixed measurement set size based.
The measurement set size (N) will be pre-defined. Only the first N cells ranking by channel quality (RSRP/RSRQ) in descending order will be included into the measurement set.

The pros and cons of each method are summarized below:

	Scheme
	Pros
	Cons

	Threshold based
	The most valuable cells will be selected as potential CoMP cells.
	The CoMP measurement set size can not be strictly controlled resulting in big feedback overhead.

	Fixed measurement set size based
	The CoMP measurement set size can be limited according to feedback budget.
	Some high interference cells may be left out. Or, some invaluable cells may be included.


The CoMP measurement set decision scheme directly impacts not only the feedback overhead, but also the related IE size (CSI-RS configuration, Feedback configuration, CSI measurement configuration according to measurement set size) of high layer signalling. When the CoMP measurement set size is large, the increased complexity and signalling overhead is unacceptable. On the other hand, gain of coordination may saturate when the number of coordination points beyond some threshold. So the CoMP measurement set with large size is unnecessary.
Proposal 1:  The “UE-specific CoMP measurement set /CSI-RS configuration” need be specified. The CSI-RS resources configured for Rel.11 cell edge UE should base on its specific CoMP Measurement set. Both the CoMP measurement set configuration and related CSI-RS configuration need to be indicated to UE by RRC signaling.
Proposal 2:  The CoMP measurement set size should be strictly limited. The corresponding decision method should be designed jointly considering not only uplink feedback overhead budget but also high layer signaling burden.
In Rel. 10 , the total CSI-RS configurations for FS1&2  is 5 for 8 CSI-RS ports, 10 for 4 CSI-RS ports and 20 for 2 CSI-RS ports respectively, which can be demonstrated as a CSI-RS resource tree shown in Fig.3. The resources are numbered with “X-Y’, “X” is the CSI-RS port number, “Y” is the CSI-RS configuration number defined in Table 6.10.5.2-1 in [1].Each high level resource is composed of two low level resources. These resources form the nest pattern with specific combinations. For example, the 20 “2 CSI-RS ports resources” only form 10 “4 CSI-RS ports resources”, instead of  the number with full combinations.
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Fig.3 CSI-RS resource tree (FS1&2)
How to efficiently configure these CSI-RS resources to TPs for CoMP should be fully studies. One method is that one CSI-RS resource can be configured for each TP corresponding to their specific antenna port configuration. As shown in Fig. 4-(a), each TP with 2 ports is configured with a “2 CSI-RS port resource”. This method can be called “TP-specific CSI-RS configuration”. When one specific CSI-RS resource is occupied by one TP, both its high level resource and low level resources will be blocked for neighbour TPs. In order to avoid introducing many fractional CSI-RS resources, only there are no available resources below specific high level, the new sub-resource below to another high level resource can be allocated to neighbour TPs. For example, in Fig. 4-(a), the neighbouring TPs will be assigned orthogonal CSI-RS resources. For a large network, the CSI-RS resources can be reused by TPs separated far away enough. The CSI-RS resource configured to each TP should be done at network planning phase and should be fixed after that, which can simplify the signalling overhead. In Fig. 4-(a), the CSI-RS configuration of CoMP measurement set {TP1, TP2}  of  the UE will be indicated to it by high layer signalling. 
Another way is that multiple TPs share one CSI-RS resource. As shown in Fig. 4-(b) and 4-(c), two TPs share one “4 CSI-RS port resource” and four TPs share one “8 CSI-RS port resource” respectively. This method can be called “TP shared CSI-RS configuration”. This configuration lacks flexibility in TP association, CoMP report set down selection, and CSI-RS based RSRP measurement, but it facilitates the aggregated feedback considering feedback overhead saving, and simplicity [3]. In this method, the CSI-RS resource can be fixed configured to TPs . For example in Fig.4-(b), the CSI-RS resource “4-0” is configured for TP1&TP2.   And the CSI-RS resource “4-5” is configured for TP3 &TP4. When a UE move to the edge of TP1 and TP3, it is hard to select TP1&TP3 as CoMP measurement set for UE due to no available corresponding CSI-RS configuration. Dynamic or semi-fixed CSI-RS configuration can be considered to avoid such problem. The network will adjust the CSI-RS resource configured for TPs according to the CoMP measurement set for scheduled UE. But this method will introduce high specification impacts and should be carefully evaluated.
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Fig.4 TP specific CSI-RS configuration (a)   & TP shared CSI-RS configuration (b)(c)
Proposal 3: For TP specific CSI-RS resource configuration, CSI-RS resource for each TP is fixed configured in network planning phase in order to reduce scheduling complexity and signaling overhead. This method should be given high priority.
Proposal 4: The TP shared CSI-RS resource configuration need to be further studied to facilitate aggregated feedback, especially in scenario4. The fixed/semi-fixed/dynamic CSI-RS configurations need to be carefully evaluated.
3 Conclusion
In this contribution, we provide our considerations on CSI-RS configuration and  give following proposals:
Proposal 1:  The “UE-specific CoMP measurement set /CSI-RS configuration” need be specified. The CSI-RS resources configured for Rel.11 cell edge UE should base on its specific CoMP Measurement set. Both the CoMP measurement set configuration and related CSI-RS configuration need to be indicated to UE by RRC signaling.

Proposal 2:  The CoMP measurement set size should be strictly limited. The corresponding decision method should be designed jointly considering not only uplink feedback overhead budget but also high layer signaling burden.

Proposal 3: For TP specific CSI-RS resource configuration, CSI-RS resource for each TP is fixed configured in network planning phase in order to reduce scheduling complexity and signaling overhead. This method should be given high priority.

Proposal 4: The TP shared CSI-RS resource configuration need to be further studied to facilitate aggregated feedback, especially in scenario4. The fixed/semi-fixed/dynamic CSI-RS configurations need to be carefully evaluated.
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