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1. Introduction
In recent RAN1 meetings, remaining issues have been discussed about the scrambling sequence and configuration of CSI-RS for CoMP. To this end, followings were agreed to be included for configuration of multiple CSI-RS resources in RAN1 #68bis meeting [1].
Agreement from RAN1 #68bis:
· Configuration of multiple non-zero power CSI-RS resources includes at least
· AntennaPortsCount
· ResourceConfig
· SubframeConfig
· Pc
· Parameter X to derive scrambling initialization
· These parameters are configured per CSI-RS resource
However, there are further issues which need to be considered such as CSI-RS configuration per port, signalling of CSI-RS restriction, and signalling of bandwidth information for CSI-RS. In this contribution, we consider above remaining issues mainly focusing on the CSI-RS configuration and signalling for CSI-RS restriction. Moreover, unified CSI-RS port numbering is considered to indicate ports in multiple CSI-RS resources.
2. Considerations on CSI-RS for CoMP
2.1. Sub-resource based CSI-RS configuration
In RAN1 #68bis meeting, it is agreed to use independent configuration per CSI-RS resource which can be transmitted from different transmit points (TPs). However, it may not be sufficient for TP-shared CSI-RS configuration where a single CSI-RS resource is configured through multiple TPs. For example, sub-resource based configuration of Pc value may be needed for CoMP joint transmission (JT) where values of CSI-RS EPRE are different between TPs due to different number of CSI-RS ports [2].
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Fig 1. TP-shared CSI-RS configuration for CoMP JT in RP-ABS
In FeICIC, signaling of multiple Pc values has been considered to provide accurate estimation of the number of spatial layers (i.e., rank) in reduced power ABS (RP-ABS) [3]. Thus, there is a possibility that one CSI-RS resource can be configured with different Pc values according to CSI subframe set. Consider that a CoMP UE receives data transmission from macro eNB with 4 CSI-RS ports and RRH with 4 CSI-RS ports via CoMP JT and 8 CSI-RS ports TP-shared configuration is assigned to the CoMP UE as depicted in Fig 1. Assume that two different Pc values are used for normal subframe and RP-ABS of macro eNB. Though Pc values of eNB and RRH can be set to be equal in normal subframe, they may be different in RP-ABS. In this case, per CSI-RS resource based configuration has its limitation in configuration, since two different Pc values are needed within a single CSI-RS resource for such TP-shared configuration.
Similar to configuration of Pc, the necessity of sub-resource based configuration of other parameters such as slot or subframe offset Δns and scrambling initialization parameter X was considered in [2]. It is mainly due to the slot or subframe shifting to avoid inter-point interference between system information (e.g., PBCH, PSS/SSS) and physical cell ID based CSI-RS scrambling sequence for legacy Rel-10 UEs in CoMP scenario 3. In addition to this, signaling of bandwidth information was suggested for CSI-RS considering the case where TPs for CoMP have different system bandwidth due to implementation costs [4]. Related issues regarding the difference of subframe timing (i.e., slot or subframe offset) and system bandwidth between TPs are also treated in our companion contribution [5]. We propose here to consider the sub-resource based CSI-RS configuration especially for the parameters such as Pc, Δns, and X. 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 #1: 
- Sub-resource based CSI-RS configuration should be considered especially for the parameters such as Pc, ΔnS, and X.
2.2. Signaling for CSI-RS restriction
As specified in [6], there are subframes where UE shall assume that CSI-RSs are not be transmitted as followings.

- in the special subframe(s) in case of frame structure type 2,
- in subframes where transmission of a CSI-RS would collide with transmission of synchronization signals, PBCH, or SystemInformationBlockType1 messages,
- in subframes configured for transmission of paging messages.
It has been raised that signaling of information is required for these CSI-RS restricted subframes to prevent UE from using invalid signal for CSI-RS based measurements at those subframes [7]. The signaling of CSI-RS restriction can be interpreted as the signaling of the information on the frame and/or subframe offset and parameters of paging occasion (PO) for each TP transmitting CSI-RS. If it is assumed that there is no subframe offset within CoMP cluster, system frame number (SFN) and/or PO parameters can make different timing of CSI-RS restricted subframes for each TP. For example, SIB1 uses a fixed schedule with a periodicity of 80ms (i.e., SFN mod 8) and repetitions made within 80ms with a periodicity of 20ms (i.e., SFN mod 2 = 0). The paging frame (PF), which is defined as the radio frame where paging messages are transmitted, is also affected by SFN. Thus, it seems that the signaling of CSI-RS restriction may not be so necessary since the frame offset and/or PO can easily be aligned by network implementation without additional UE-specific signaling.

Proposal #2: 
- System frame timing and paging occasion can easily be aligned within a CoMP cluster by network implementation without UE-specific signalling for CSI-RS restriction.

If slot or subframe shifting is applied for ICIC scheme, the subframe index of non-serving TPs carrying signals such as PSS/SSS, PBCH, SIB1 or PCH may be different from that of serving TP. In this case, UE cannot figure out whether current subframe is valid or not for CSI-RS based measurements. To resolve this, the information on the subframe offset of each TP or the information on the CSI-RS restriction can be signaled to UE. In this case, data mapping with the information on the CSI-RS restriction needs to be further clarified. Summarizing, signaling of CSI-RS restriction does not seem necessary if all TPs have aligned subframe index timing.

Proposal #3: 
- If all TPs have aligned subframe index timing, signalling of CSI-RS restriction does not seem necessary.
2.3. Numbering of CSI-RS ports of multiple CSI-RS resources
As the use of multiple CSI-RS resources was agreed, there might be an ambiguity on the numbering of antenna port because the whole CSI-RS resources use antenna port numbering within the same range from 15 to 22. In fact, the exact definition of antenna port is specified in [6] as follow.
- An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed.
Hence, the numbering of CSI-RS ports of multiple CSI-RS resources is needed to be considered with the definition of antenna port. As a simple way, the number of n-th antenna port of the m-th CSI-RS resource can be assigned as 15+n+10m.
Proposal #4: 
- The numbering of CSI-RS ports of multiple CSI-RS resources is needed to be considered.
3. Conclusion
We considered in this contribution the remaining issues on CSI-RS for CoMP. The following proposals were provided based on the discussion:
Proposal #1: 
- Sub-resource based CSI-RS configuration should be considered especially for the parameters such as Pc, ΔnS, and X.

Proposal #2: 
- System frame timing and paging occasion can easily be aligned within a CoMP cluster by network implementation without UE-specific signalling for CSI-RS restriction.

Proposal #3: 
- If all TPs have aligned subframe index timing, signalling of CSI-RS restriction does not seem necessary.

Proposal #4: 
- The numbering of CSI-RS ports of multiple CSI-RS resources is needed to be considered.
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