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Introduction
In RAN1#86, the following agreements and working assumption on NP CSI-RS were made [1]:
	Agreements:
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk = 8, where Mk is the same for all k
· For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where, at least for CDM-2, Mk is the same for all k 
· FFS whether Mk = 8 is also supported, and if so, whether Mk is the same or different for different k for CDM-4
· FFS port indexing
· In Rel-14, CDM-2 and CDM-4 is supported. 
· For CDM-2, port numbering in Rel-13 is reused in order to share CSI-RS with legacy UEs. 
· FFS CDM-4 port numbering

Working Assumption:
· CDM-8 is supported for at least {24,32} port CSI-RS
· FFS CSI-RS aggregation and CDM mapping details
· FFS additional REs other than legacy CSI-RS RE

Agreement: 
At least for Class A NZP CSI-RS with more than 16 CSI-RS ports:
· All ports in a CSI-RS resource are transmitted within the same subframe 
· i.e. CSI-RS overhead reduction is done in the frequency domain
· CSI-RS density d ∈ {1,1/2, and at least one other value <= 1/3} RE/RB/port 
· Other values of d are not precluded (e.g. 2/3, ¾)
· FFS whether different ports in a CSI-RS resource may have different densities
· FFS PDSCH rate matching in the REs in PRBs with no CSI-RS ports within a group  
· Opt-1: comb like transmission
· Opt-2: frequency domain measurement restriction
· FFS the detailed signalling design



In this contribution, remaining details on NP CSI-RS port numbering are discussed.
Remaining details on NP CSI-RS
1 
2 
CSI-RS port sharing
Figure 1 depicts the concept of CSI-RS port sharing between Rel-12/-13 and Rel-14 UEs. As represented by Figure 1, CSI-RS port sharing reduces CSI-RS resource overhead through reuse of a part of resources for larger number of CSI-RS ports as those for smaller number of CSI-RS ports. Under the assumptions such as 2 OFDM symbols for PDCCH, 5ms CSI-RS periodicity, and CSI-RS reuse factor of 3, it can be shown that 3.3% and 6.7% of CSI-RS resource overhead can be saved in the PDSCH region for 8-port and 16-port CSI-RSs, respectively. However, since each CSI-RS transmission should be understood by all UEs, it is required to align the length of CDM accordingly considering the UEs for the lowest release. In other words, eNB shall configure CDM-2 for CSI-RS port sharing with Rel-12 and Rel-13 UEs and shall configure CDM-4 for CSI-RS port sharing with Rel-13 UEs. Therefore, one drawback of the CSI-RS port sharing will be that the eNB with larger than 16 antenna ports cannot perform full-power utilization with the current 6dB CSI-RS power boosting limitation.
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[bookmark: _Ref458524385]Figure 1. Concept of CSI-RS port sharing between Rel-12/-13, and Rel-14 UEs
In Rel-13, the following CSI-RS port numbering is supported for 12-/16-port CSI-RS with CDM-4:
,
where p is the aggregated CSI-RS port index, p’ is the port index in each CSI-RS configuration,  is the number of ports per CSI-RS configuration,  is the index of CSI-RS configuration, and  is the number of CSI-RS config. per CSI-RS resource. The equation above means that the aggregated CSI-RS port index will contiguously increase according to the order of CSI-RS configuration index. To support CSI-RS port sharing with CDM-4, this aspect should be taken into account carefully. 
Figure 2 depicts CSI-RS port numbering examples for CSI-RS port sharing with eNB antenna array configuration of (MTXRU=2, N=8, P=2). In Figure 2, it can be shown that if the eNB configures (N1=1, N2=8) for Rel-13 UEs and (N1=2, N2=8) for Rel-14 UEs, then the legacy CSI-RS port numbering can be reused for Rel-14 UEs. (Note that (N1=1, N2=8) was given for ease of understanding and N1-N2 transpose can be done by eNB implementation for 1D array configuration.)  However, in case that the eNB configures (N1=2, N2=4) for Rel-13 UEs and (N1=2, N2=8) for Rel-14 UEs, then the legacy CSI-RS port numbering cannot be used for Rel-14 UEs since the aggregated CSI-RS port index should be discontinuous in this case.
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[bookmark: _Ref462947812]Figure 2. CSI-RS port numbering examples for CSI-RS port sharing; 
eNB antenna array configuration of (MTXRU=4, N=4, P=2)

Similar tendencies are observed in other eNB antenna array configurations. Figure 3 shows CSI-RS port numbering examples for CSI-RS port sharing with eNB antenna array configuration of (MTXRU=4, N=4, P=2). Figure 2 implies that if the eNB configures (N1=2, N2=4) for Rel-13 UEs and (N1=4, N2=4) for Rel-14 UEs, then the legacy CSI-RS port numbering can be reused for Rel-14 UEs. However, in case that the eNB configures (N1=4, N2=2) for Rel-13 UEs and (N1=4, N2=4) for Rel-14 UEs, then the legacy CSI-RS port numbering cannot be used for Rel-14 UEs since the aggregated CSI-RS port index should be discontinuous.
Based on the discussions above, the following observation can be drawn:
Observation: If the same values of N2 for Rel-13 and Rel-14 UEs are configured, Rel-13 CSI-RS port numbering for CDM-4 can be reused for Rel-14 UEs

[image: ]
[bookmark: _Ref462947818]Figure 3. CSI-RS port numbering examples for CSI-RS port sharing; 
eNB antenna array configuration of (MTXRU=4, N=4, P=2)
Since various values of N2 such as 1, 2, 3 and 4 (also 8 by transpose) in Rel-13, it is expected that the CSI-RS port sharing can be supported with the legacy CSI-RS port numbering for Rel-14 for almost all eNB antenna array configurations. Therefore, it is recommended to choose one of the following alternatives to determine the detailed CSI-RS port numbering for CDM-4.
Proposal 1: Down-select one of the following alternatives
· Alt. 1: For CDM-4, port numbering in Rel-13 is reused in order to share CSI-RS with legacy UEs.
· Alt. 2: Define a new port numbering, which is a function of eNB antenna array configuration, e.g. (N1, N2) and dual polarization
CSI-RS overhead reduction
As discussed in our companion contribution [2], regular RS RE structure is important in the perspective of UE complexity. Therefore, CSI-RS density with one over ‘integer’ is highly preferred. Given that there is no simulation results for smaller than 1/3 RE/RB/port CSI-RS density, the additional value for d should be 1/3. 
High reuse factor of CSI-RS is one of the major motivations of CSI-RS overhead reduction. To secure high flexibility on CSI-RS resource configuration for high reuse factor, it is recommended to configure overhead reduction related values such as d and comb configuration per CSI-RS configuration. For instance, CSI-RS ports in a single CSI-RS resource can be transmitted within a single PRB or can be distributed over several PRBs. On the other hands, CSI-RS ports in different CSI-RS configurations may have different CSI-RS densities to adjust the overhead.
Proposal 2: CSI-RS overhead reduction related values such as d and comb can be configured per CSI-RS configuration
· Support CSI-RS density d ∈ {1,1/2, 1/3} RE/RB/port
· Same or different values of d and comb can be configured for different CSI-RS configurations within a CSI-RS resource
Conclusions
3 
This contribution provides Samsung’s views on the remaining details on NP CSI-RS. Based on the discussions above, the following observation and proposals can be made:
Observation: If the same values of N2 for Rel-13 and Rel-14 UEs are configured, Rel-13 CSI-RS port numbering for CDM-4 can be reused for Rel-14 UEs
Proposal 1: Down-select one of the following alternatives
· Alt. 1: For CDM-4, port numbering in Rel-13 is reused in order to share CSI-RS with legacy UEs.
· Alt. 2: Define a new port numbering, which is a function of eNB antenna array configuration, e.g. (N1, N2) and dual polarization
Proposal 2: CSI-RS overhead reduction related values such as d and comb can be configured per CSI-RS configuration
· Support CSI-RS density d ∈ {1,1/2, 1/3} RE/RB/port
· Same or different values of d and comb can be configured for different CSI-RS configurations within a CSI-RS resource
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