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1. Introduction
 As enhancement of CSI-RS is considered for DL CoMP, there are many discussions on sequence and configuration of CSI-RS. To this end, the followings were agreed for CSI-RS enhancements in RAN1 #68 meeting [1].
Agreement from RAN1 #68:
· Pseudo-random sequence generator initialisation (cinit) is configurable in a UE-specific manner
· 
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· At least X will be signaled 
· FFS: Interpretation of ns
· Range of X is 0 to 503
· Pc is configurable at least per CSI-RS resource

· FFS : Configuration per CSI-RS port

In this contribution, we discuss on the remaining issues of CSI-RS enhancement.
2. CSI-RS for CoMP
As a further consideration, it remained whether common or independent subframeConfig per CSI-RS resources is required. In addition to this, configuration per sub-resource (e.g., CSI-RS port) are discussed in the below.
2.1. Common or independent subframeConfig
During RAN1 #67-68 meeting, independent configurations of antennaPortsCount, resourceConfig and PC per CSI-RS resource are agreed to support flexible use of multiple non-zero power CSI-RS resources. Thus, only subframeConfig, which indicates subframe offset and periodicity, remained for decision whether it has common or independent configurability per CSI-RS resource. Considering that CSI-RS can be used to measure signal quality in addition to CSI measurement as agreed in RAN1 #68 meeting, it not desirable to have such restriction in the CSI-RS resources configured with different purposes. Even when the scope is limited to the CSI measurement set, it is still unclear what benefit can be provided by such restriction, especially when the network intends to use DPS for the CoMP transmission scheme; the network just configures the CSI-RS of each point in consideration of the communication environment of that point. In Rel-10, zero-power CSI-RS can have different period and offset from non-zero-power CSI-RS, and it is our understanding that this possibility was introduced in order to support different periods and offsets of CSI-RSs among nearby transmission points.
One issue to be considered in this topic is the requirement on the channel measurement buffer. For CS/CB and JT, the CSI feedback may need to be derived by observing multiple CSI-RS resources simultaneously even when per CIS-RS resource feedback is adopted. One example would be the subband selection in which the same subband needs to be selected for all the points participating in the CoMP CS/CB and JT as discussed in [2]. In this case, if different CSI-RSs are transmitted in different subframes, UE has to store the CSI-RS transmitted in advance by using additional memory space. If there is considerable impact on the UE implementation, we can consider imposing some restriction in configuring subframeConfig of CSI-RS resources for which UE measures CSI targeting CS/CB and JT.

Proposal #1: 
- The possibility of independent subframeConfig per CSI-RS resource needs to be supported. Some restriction should be considered for subframeConfig of CSI-RS resources from which UE derives CSI targeting CS/CB and JT.
2.2. Sub-resource based CSI-RS configuration
In RAN1 #68 meeting, it is agreed to independently configure PC per CSI-RS resource supporting a UE receiving multiple CSI configuration from different transmit points (TPs). However, independent CSI-RS configuration per CSI-RS resource may not be sufficient for TP-shared CSI-RS configuration which can be applied to support UE-transparent CoMP JT [3]. Consider a distributed antenna system where eNB has 4 ports and each of RRHs has 2 ports respectively as depicted in Fig 1. If a CoMP UE is supposed to receive CoMP transmission from eNB, RRH1 and RRH2, the UE can be assigned with a TP-shared CSI-RS configuration corresponding to 8 CSI-RS ports. Thus, the UE can measure CSI based on the single CSI-RS configuration without concerning the relationship between ports and TPs. In the followings, we consider some parameters which need to be configured per sub-resource within a CSI-RS resource.
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Fig 1. TP-shared CSI-RS configuration in distributed antenna system
In the example as shown in Fig 1, the limitation of PC configuration per CSI-RS resource is considered. Assuming that the sum of EPRE, which is defined as energy per resource element in each port, through ports is same as the value of P0 for both of PDSCH and CSI-RS, EPRE can be different between PDSCH and CSI-RS according to the number of antenna ports. As an example, PDSCH EPRE and CSI EPRE are set to P0/4 and P0/2, respectively, when the number of antenna ports is 4. On the other hand, PDSCH EPRE and CSI EPRE are same as P0/2 when the number of antenna ports is 2. This is mainly because the multiplexing of CSI-RS resources within a single RE is limited up to 2 while PDSCH is not. Hence, it should be noted that the ratio of PDSCH EPRE to CSI-RS EPRE can be different between 4 ports of eNB and 2 ports of RRH as depicted in Fig 2. 
As another consideration, it is addressed that there may be a slot or subframe shifting between TPs and hence CSI-RS sequences may not be generated with the same slot number [4]. For instance, a slot or subframe shift can be applied to avoid inter-point interference due to PBCH or PCH in CoMP scenario 3. To this end, the indication for slot or subframe offset ΔnS between TPs should be considered to figure out CSI-RS sequences from inter TPs. Moreover, if TP-shared CSI-RS configuration is exploited as shown in Fig 1, such slot or subframe offset relative to serving point (e.g., eNB) can be different per sub-resource (e.g., port) according to which TP (e.g., RRH1 or RRH2) is involved with the sub-resource. Similar to PC and ΔnS, the UE-specific parameter X can be different per sub-resource of CSI-RS when it is generated based on physical cell ID of each TP to support legacy Rel-9/10 UEs in CoMP scenario 3.
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Fig 2. The ratio of PDSCH EPRE to CSI-RS EPRE according to the number of antenna ports
In this perspectives, sub-resource based CSI-RS configuration needed be considered. The sub-resource of CSI-RS could be a unit of 2 antenna ports which are supposed to be multiplexed via OCC to preserve CDM property.

Proposal #2: 
- Sub-resource based CSI-RS configuration (e.g., Pc, ΔnS, and X) needed to be considered.
3. Conclusion
We considered in this contribution the enhancement of CSI-RS for CoMP. The following proposals were provided based on the discussion:
Proposal #1: 
- The possibility of independent subframeConfig per CSI-RS resource needs to be supported. Some restriction should be considered for subframeConfig of CSI-RS resources from which UE derives CSI targeting CS/CB and JT.
Proposal #2: 
- Sub-resource based CSI-RS configuration (e.g., PC, ΔnS, and X) needed be considered.
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