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In 3GPP RAN1#84bis and RAN1#85, following agreements on CSI-RS for Class A CSI reporting were made [1][2]:
	Agreements: 
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations [i.e. RE patterns].
· The number of REs in the kth configuration Nk ∈ {4, 8}
· The same Nk = N can be used for all k 
· FFS whether the same Nk = N for all k is the only permitted configuration 
· FFS whether the set of values of Nk might be further restricted for some numbers of CSI-RS ports
· FFS whether a different set of Nk might apply in case of CDM4
· FFS on including Nk=2.
· Aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs 
· The per-port CSI-RS density is FFS based on one or more of the following alternatives:
· FDM
· TDM
· Partial port
· Partial overlapping, e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2
· Aperiodic CSI-RS with partial bandwidth
· Measurement restriction in frequency domain
· CDM, e.g. 2 x Nk ports transmitted in a single Nk resource 
· Other schemes 
· Note that the following are not precluded:
· per-port CSI-RS density per PRB = 1
· different per-port CSI-RS densities for different CSI-RS ports is not precluded
Agreement:
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k
· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8
· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)
· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all k
· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8. 
· If Mk=8 is supported, FFS the details
· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k
· FFS port numbering 
· FFS N vs. M



According to the agreements above, the concept of CSI-RS aggregation in Rel.13 will be extended to support larger number of CSI-RS ports. Thus, remaining details, such as possible values for Nk, K, and the per-port CSI-RS RE density, need to be discussed further. This contribution provides Samsung’s views on remaining issues on CSI-RS enhancements for Class A CSI reporting. 
Remaining issues on non-precoded CSI-RS enhancements
Granularity of Rel.14 CSI-RS aggregation
[bookmark: _GoBack]The above agreements define two different parameters, Nk and Mk. Here, Nk means the number of port used to indicate the CSI-RS RE pattern of the kth CSI-RS configuration composing a Class A CSI-RS resource. Note that Nk is configured by RRC parameter antennaPortsCount. On the other hands, Mk represents the number of CSI-RS ports transmitted in CSI-RS RE pattern of the the kth CSI-RS configuration, which is indicated by Nk and resourceConfig via higher layer signalling. 
As RAN1 has intensively discussed from Rel.13, the granularity of CSI-RS aggregation, i.e. Nk, will affect various aspects such as eNB and UE complexity, configuration flexibility, and configuration efficiency. For instance, configuration complexity at eNB side or channel estimation complexity at UE side may increase if a low value of Nk is adopted for CSI-RS aggregation. Within 40 CSI-RS REs in a PRB, ten and five CSI-RS RE patterns are available for Nk=4 and 8, respectively. Therefore, if we assume (Nk=4, K=8) to configure 32-port CSI-RS, then the eNB will have up to 10P8 possibilities, which is prohibitively large. However, such flexibility will not be directly reflected into the eNB implementation complexity, as legacy eNB does not suffer from the full flexibility induced by the UE-specific configurability of CSI-RS. Firstly, the eNB does not need to determine the pairs of CSI-RS configurations for CSI-RS aggregation dynamically. A proper pair of CSI-RS configurations can be planned via offline optimization with considerations on cell planning such as CSI-RS interference management. We can observe similar tendency for UE complexity with above example. In Rel.13, the eNB can configure up to eight CSI-RS resources with 8-port CSI-RS within a CSI process for Class B K>1. Note that the multiple CSI-RS resources can be configured on the different subframes in case of Class B CSI reporting. Therefore, UE complexity for channel estimation with (Nk=4, K=8) for 32-port CSI-RS would be less than that for Class B K>1.
On the other hands, the network will enjoy enough level of configuration flexibility with a low value of Nk and it will be easy to keep both of forward and backward compatibilities [3]. Configuration efficiency is another important factor that can be achieved by low value of Nk. For instance, higher reuse factor of CSI-RS transmission might be available with Nk=4 than that with Nk=8 within a given subframe. Moreover, if we adopt Nk=4, CSI-RS port sharing can be supported without an introduction of complex CSI-RS port numbering. Further details are provided in the following section.
Regarding the necessity of different values for Nk and Mk, we could not find a relevant use case.
Based on the discussions above, following observation and proposal can be made:
Observation 1: To determine the granularity of Rel.14 CSI-RS aggregation, the following aspects can be considered:
· eNB and UE complexity
· The value of Nk does not directly affect the eNB and UE complexities
· Configuration flexibility
· Low Nk is beneficial to support of backward and forward compatibilities
· Low Nk gives high configuration efficiency, e.g. high reuse factor or CSI-RS port sharing
· No need to configure different values for Nk and Mk  
Proposal 1: Support the following (Nk, Mk) pairs for NP CSI-RS aggregation in Rel.14.
· Nk=Mk=4 for {20, 28}-port CSI-RS
· Nk=Mk=4 or 8 for {24, 32}-port CSI-RS

CSI-RS port sharing between Rel-12/-13 and Rel-14 UEs
In 3GPP RAN1#84bis, it was agreed that RAN1 aims to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs. 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.

[image: ]
[bookmark: _Ref458524385]Figure 1. Concept of CSI-RS port sharing between Rel-12/-13, and Rel-14 UEs

In Rel-13, CSI-RS port numbering was designed for CSI-RS port sharing between Rel-12 and Rel-13 UEs based on CDM-2. Since Rel-12 UE should be configured by a single CSI-RS resource per CSI process, a single CSI-RS configuration Rel-12 UE should contain CSI-RS ports for dual polarized antenna ports. Therefore, to support CSI-RS port sharing with Rel-12 UEs, Rel-13 CSI-RS port numbering allocates the first half of the CSI-RS ports in a CSI-RS configuration for the antenna ports with same polarization and the second half for the antenna ports with another polarization. This design principle can be directly extended for the CSI-RS port sharing between Rel-12/-13, and Rel-14 UEs. Figure 2 shows an example of CSI-RS port sharing with CDM-2. In Figure 2, each CSI-RS configuration follows the CSI-RS port numbering for Rel-12 8-port CSI-RS. Based on that, both CSI-RS port numbering for 16- and 32-port CSI-RS can be done with the following equation, which is identical with the Rel-13 port numbering for CDM-2:





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 number of CSI-RS configuration per CSI-RS resource, and  is the CSI-RS configuration number. Consequently, CSI-RS port sharing for CDM-2 can be supported with the Rel.13 port numbering method.
Observation 2: For CDM-2, CSI-RS port sharing can be supported by the Rel.13 port numbering method.
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[bookmark: _Ref458530818]Figure 2. An example of CSI-RS port sharing with CDM-2

In Rel-13, CSI-RS port numbering for CDM-4 is given by following equation:


 where 
From above equation and the structure of Rel-13 Class A codebook, it is possible to summarize following two properties: 1) CSI-RS port index for CDM-4 is sequentially increased according to the CSI-RS configuration number, 2) CSI-RS port index in Rel-13 Class A codebook increases in the order of the 2nd dimension, the 1st dimension and the cross-polarization domain. Consequently, if the Nk is smaller than the size of the 2nd dimension, then a single CSI-RS configuration will comprise CSI-RS ports with irregular patterns. Figure 3 gives an example of the irregular patterns above induced by CDM-4. As represented by Figure 3, CSI-RS resource for an antenna array with (N1=5, N2=2) can consists of CSI-RS configurations with (Nk=4, K=5). In this case, the CSI-RS configuration #1, #2, #4, and #5 comprise CSI-RS ports for a single polarization but the CSI-RS configuration #3 contains different polarization components. Since the CSI-RS configurations for 16-port CSI-RS have single polarization components, there will be a chance to reuse the CSI-RS configuration #1, #2, #4, and #5 for the transmission of 16-port CSI-RS. For instance, each pair of the 4-port CSI-RS patterns, e.g. CSI-RS configuration {#1, #2} or {#3, #4}, comprises an 8-port CSI-RS pattern through eNB implementation. After the CSI-RS RE pattern alignment as described above, CDM patterns need to be carefully considered for CSI-RS port sharing. Given that the CDM-4 pattern for 16-port CSI-RS consists of adjacent 4 REs, CDM patterns of a pair of the 4-port CSI-RS can be aggregated. For instance, the first CDM-2 patterns of the CSI-RS configurations #1 and #2 for 20-port CSI-RS can be aggregated for the CDM-4 patterns with adjacent 4 REs. Consequently, CSI-RS port sharing with CDM-4 can be done with the same CSI-RS port numbering of Rel-13.

Observation 3: For CDM-4, CSI-RS port sharing can be done by the Rel.13 port numbering method, if the aggregation of CDM patterns is supported.
Proposal 2: Support aggregation of CDM patterns across CSI-RS configurations.
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[bookmark: _Ref458586720]Figure 3. An example of CSI-RS port sharing with CDM-4

Conclusions
In this contribution, remaining issues on non-precoded CSI-RS enhancements were discussed. Consequently, following observation and proposals were drawn:
Observation 1: To determine the granularity of Rel.14 CSI-RS aggregation, the following aspects can be considered:
· eNB and UE complexity
· The value of Nk does not directly affect the eNB and UE complexities
· Configuration flexibility
· Low Nk is beneficial to support of backward and forward compatibilities
· Low Nk gives high configuration efficiency, e.g. high reuse factor or CSI-RS port sharing
· No need to configure different values for Nk and Mk  
Observation 2: For CDM-2, CSI-RS port sharing can be supported by the Rel.13 port numbering method.
Observation 3: For CDM-4, CSI-RS port sharing can be done by the Rel.13 port numbering method, if the aggregation of CDM patterns is supported.
Proposal 1: Support the following (Nk, Mk) pairs for NP CSI-RS aggregation in Rel.14.
· Nk=Mk=4 for {20, 28}-port CSI-RS
· Nk=Mk=4 or 8 for {24, 32}-port CSI-RS
Proposal 2: Support aggregation of CDM patterns across CSI-RS configurations.
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