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In 3GPP RAN1#85, following agreements on CSI-RS for Class A CSI reporting were made:
	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



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
Extension of Rel.13 CSI-RS aggregation
In RAN1#84bis, it was agreed that for {20, 24, 28, 32} ports, a CSI-RS resource can comprise an aggregation of K CSI-RS configurations and the kth CSI-RS configuration contains Nk REs. In Rel.13, 12 and 16 ports CSI-RS can comprise very limited pairs of (N, K) as represented in Table 1, in the perspective of simple eNB and UE implementations.
[bookmark: _Ref450763324]Table 1. Aggregation of CSI-RS configuration in Rel.13
	Total number of 
antenna ports
N∙K
	Number of antenna ports per CSI-RS configuration
N
	Number of CSI-RS configurations
K

	12
	4
	3

	16
	8
	2



However, there was a discussion on utilization of different Nk in RAN1#84bis for some reasons such as CSI-RS port sharing with Rel.13 and Rel.12 UEs. For instance, since 16 ports CSI-RS consist of two 8 ports CSI-RS configurations, eNB might need to aggregate an additional 4 ports CSI-RS configuration on top of the 16 ports CSI-RS resource for CSI-RS port sharing between 16 and 20 ports CSI-RS resources. 
Supporting of CSI-RS aggregation based on Nk=2 for all k is another alternative to secure CSI-RS port sharing between different number of CSI-RS ports. Figure 1 depicts an example of 2-port based CSI-RS aggregation for CSI-RS port sharing between 4Tx and 8Tx. In Figure 1, the number of TXRUs are assumed for ease of understanding and it is easy to extend the example of Figure 1 to any pairs of CSI-RS ports without loss of generality. Assume that as represented in Figure 1, 4-port CSI-RS REs comprise two of 2-port CSI-RS configurations indicating CSI-RS resource #1 and #2, respectively. If in case that eNB configures Rel.12 4Tx codebook, CSI-RS port numbering should be done in order of {#1, #2}; port-{15, 16} will be mapped at CSI-RS resource #1 and port-{17, 18} will be mapped at CSI-RS resource #2. Similarly, the same CSI-RS ports for the 4-port CSI-RS can be reused for 8-port CSI-RS as follows. As an simple extension of 4-port CSI-RS, we can assume that 8-port CSI-RS REs comprise four of 2-port CSI-RS configurations indicating CSI-RS resource #1, #2, #3 and #4, respectively. If in case that eNB configures Rel.10 8Tx codebook, CSI-RS port numbering should be done in order of {#1, #3, #2, #4}; port-{15, 16} at CSI-RS resource #1, port-{17, 18} at CSI-RS resource #3, port-{19, 20} at CSI-RS resource #2,  and port-{21, 22} at CSI-RS resource #4. It means that in case of Nk=2 based CSI-RS aggregation, port sharing can be done by eNB implementation, i.e. by adjusting the ordering of RRC configuration for CSI-RS aggregation. Therefore, following observation and proposal can be made based on above discussions.
Observation: CSI-RS aggregation with Nk=2 supports CSI-RS port sharing between Rel.14 UEs and Rel.13/Rel.12 UEs, at least for CDM-2.
Proposal 1: For {20, 24, 28, 32} ports, CSI-RS aggregation with Nk=2 is supported.
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[bookmark: _Ref450764915]Figure 1. Example of 2-port based CSI-RS aggregation: CSI-RS port sharing between 4Tx and 8Tx
Analysis on alternatives for CSI-RS overhead reduction
As aforementioned, there were intensive discussions on CSI-RS overhead reduction schemes in RAN1#84bis. Table 2 summarises pros and cons of various alternatives for CSI-RS overhead reduction. In FDM or TDM based overhead reduction, CSI-RS ports are decomposed into different frequency or time resources, respectively. For instance, with FDM based overhead reduction, CSI-RS ports will be transmitted in all CSI-RS subframes but only in part of PRBs in frequency domain. In this case, the estimated CSI will be robust to time varying channel but relatively sensitive to frequency selective channel. On the other hands, with TDM based overhead reduction, CSI-RS ports will be transmitted in all PRBs in frequency domain but only in part of CSI-RS subframes. In this case, the estimated CSI will be robust to frequency selective channel but relatively sensitive to time varying channel. Both FDM and TDM based overhead reduction can provide regular RS RE structure that makes the channel estimator to be simple from UE side, when a regular decomposition pattern is adopted. 
In partial port based overhead reduction, multiple CSI-RS resources with small number of CSI-RS ports can be used to measure larger number of CSI-RS ports via CLASS B eMIMO-Type with K>1. Partial port based overhead reduction provide high flexibility since each CSI-RS resource configuration can be independently configured. However, some additional operation from eNB and/or UE side(s) can be required for CSI deduction in this case.
In partial overlapping based overhead reduction, each subgroup of CSI-RS ports can be punctured cyclically. Partial overlapping makes it possible to fine-tune CSI-RS RE density. For instance, 0.75 RE/RB/port CSI-RS RE density can be achieved by CSI-RS puncturing per every 4 RBs. On the other hands, this kind of approach may induce irregular RS RE structure and makes a UE to utilize more complex channel estimator.
In case of aperiodic CSI-RS with partial bandwidth, flexibility in terms of resource utilization will be very high, although it can still provide good link maintenance capability via periodic CSI-RS ports. However, similar with the partial overlapping methods, the corresponding RS RE structure will be irregular according to the CSI-RS port. Therefore, the UE may need more complex channel estimator.
With measurement restriction (MR) in frequency domain, each CSI-RS port in different measurement window (or subgroup) can be considered as different port. Therefore, in the perspective of CSI-RS overhead reduction, the pros and cons of MR in frequency domain is similar with those of FDM based overhead reduction.
In our point of view, CDM based overhead reduction cannot give any gain without FDM or TDM.
[bookmark: _Ref450771280]Table 2. Summary on possible alternatives for CSI-RS overhead reduction
	Overhead reduction scheme
	Advantages
	Disadvantages

	FDM
	Regular RS RE structure
Robust to time varying channel
	Sensitive to freq. selective channel

	TDM
	Regular RS RE structure
Robust to freq. selective channel
	Sensitive to time varying channel

	Partial port
	High flexibility
Cooperation with Class B CSI reporting
	CSI deduction from eNB and/or UE side(s)

	Partial overlapping
	Fine-tuning on CSI-RS RE density
	Irregular RS RE structure

	Ap CSI-RS w/ partial bandwidth
	High flexibility
On-demand transmission of CSI-RS
	Irregular RS RE structure

	MR in freq. domain
	Similar with FDM
	Similar with FDM

	CDM
	-
	-


According to the discussions above, we propose following proposal.
Proposal 2: To evaluate CSI-RS overhead reduction schemes, companies should consider UE complexity as well as performance aspects. 

Conclusions
In this contribution, remaining issues on non-precoded CSI-RS enhancements were discussed. Consequently, following observation and proposals were drawn:
Observation: CSI-RS aggregation with Nk=2 supports CSI-RS port sharing between Rel.14 UEs and Rel.13/Rel.12 UEs, at least for CDM-2.
Proposal 1: For {20, 24, 28, 32} ports, CSI-RS aggregation with Nk=2 is supported.
Proposal 2: To evaluate CSI-RS overhead reduction schemes, companies should consider UE complexity as well as performance aspects. 
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At CSI-RS resource #1
*  Mapped to port {15, 16} for all cases

At CSI-RS resource #2
*  Mapped to port {17, 18} for 4Tx case
*  Mapped to port {19, 20} for 8Tx case

At CSI-RS resource #3
*  Mapped to port {17, 18} for 8Tx cases

At CSI-RS resource #4
*  Mapped to port {21, 22} for 8Tx cases




