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1. Introduction

In RAN#71, the work item on further full-dimension MIMO (FD-MIMO) enhancement has been approved [1]. The objective of reference signal enhancement for non-precoded CSI-RS is: 
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

The following agreements about the CSI-RS enhancement have been achieved in RAN1#86:
· 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
From the working assumption, CDM-8 may be introduced for CSI-RS enhancement. In this contribution, we discuss the CDM-8 CSI-RS design for {20,24,28,32} ports.
2. Discussion
According to the above agreement, for {24, 32} ports, Mk=8 is used for all k. But for {20, 28} ports, one alternative is to use different Mk for different k. If this alternative is allowed in Rel-14, there are two possibilities when CDM pattern is considered: 
1) Inherit CDM pattern from Rel-13 for each Mk. Then in the case of CDM-4, the RE patterns per port are different, since the CDM group is different for Mk=4 (non-adjacent REs in the frequency domain) and Mk=8 (adjacent REs in the frequency domain) in Rel-13. For instance, if (M,K)=(8,2)+(4,1) is used for 20 ports CSI-RS, the CDM-4 pattern of the first 16 ports is different to the pattern of the other 4 ports. In this way, the channel estimation of these two groups of ports may be inconsistent. 

2) A different CDM-4 pattern to that of Rel-13 is designed for Rel-14 CSI-RS. However the major consideration of using different Mk is to support port sharing with Rel-13 and Rel-12 UEs. Such target will not be achieved if a different CDM pattern in Rel-14 is designed. 

Thus, the same principle as Rel-13, i.e. the same Mk is used for all k, should be maintained. 

Full-power utilization is important to retain the competitiveness of non-precoded CSI-RS against beamformed CSI-RS, otherwise the system may simply use beamformed CSI-RS instead. Moreover, in [2] and [3], CDM-8 has been proved to be beneficial to the system performance due to the full-power utilization. Thus, CDM-8 should be introduced for non-precoded CSI-RS above 16 ports. But it cannot be applied to (M,K)=(4,5) for 20 ports CSI-RS or (M,K)=(4,7) for 28 ports CSI-RS. To achieve full-power utilization, Mk=8 for all k should also be supported for {20,28} ports CSI-RS. Because 20 or 28 is not a integer multiple of 8, M×K becomes more than 20/28. The details will be explained in later section.
Proposals:
· Same Mk=8 shall be used for all k for {20, 28} ports. 
· Introduce CDM-8 to achieve full-power utilization with 6 dB power-boosting.
2.1. 32 ports CSI-RS
(M,K)=(8,4) is used for 32 ports CSI-RS aggregation. Considering the 6dB power boosting limitation, there are two alternatives for the CDM-8 design, which could achieve full power utilization.
· Alt-1: Four 8-port CSI-RS configurations lie in 6 OFDM symbols, i.e. one CSI-RS configuration in OFDM symbol#5,6 of slot 0, two CSI-RS configurations in OFDM symbol#2,3 of slot 1 and one CSI-RS configuration in OFDM symbol#5,6 of slot 1. The CDM-2 patterns of CSI-RS configurations in OFDM symbol#5,6 (of both slot 0 and slot 1) and the CDM-4 pattern of one CSI-RS configuration in OFDM symbol#2,3 construct one CDM-8 pattern, which is illustrated in Figure 1.
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Figure 1: CDM-8 for 32 ports CSI-RS (Alt-1)
· Alt-2:  Four 8-port CSI-RS configurations lie in 4 OFDM symbols, i.e. one CSI-RS configuration could be allocated in OFDM symbol#5,6 of either slot 0 (shown in Figure 2a) or slot 1 (shown in Figure 2b), and the other three CSI-RS configurations in OFDM symbol#2,3 of slot 1. One CDM-8 pattern is composed of three parts. The first part is the CDM-2 pattern of CSI-RS configuration in OFDM symbol#5,6. The second part comes from the CDM-4 pattern of one CSI-RS configuration in OFDM symbol#2,3, and the third part is the CDM-2 pattern of another CSI-RS configuration in OFDM symbol#2,3.
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(a) Pattern-1                                                                         (b) Pattern-2
Figure 2: CDM-8 for 32 ports CSI-RS (Alt-2)
As the CDM-8 pattern of Alt-2 occupies less OFDM symbols, it may be more robust to the phase offset change over time. However, given that it is highly unlikely to configure so many antenna ports to a high-speed UE, the performance in practical deployment scenario may be insignificant.
2.2. 24 ports CSI-RS
For 24 ports CSI-RS, there are also two alternatives considering full-power utilization.
· Alt-1: There are five 8-port CSI-RS configurations within the 40 REs as depicted in Figure 3. The 24 ports CSI-RS could be aggregated by any of the three 8-port CSI-RS configurations. Directly, one CDM-8 pattern corresponds to one 8-port CSI-RS configuration. Similar to the CDM-4 16 ports CSI-RS in Rel-13, full-power utilization could only be obtained when all the three configurations lie in the same OFDM symbol.
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Figure 3: CDM-8 for 24 ports CSI-RS (Alt-1)
· Alt-2: If (M,K)=(8,4) is supported for the aggregation of 24 ports CSI-RS, the same CDM-8 pattern design as that of the 32 port CSI-RS could be used. In this way, 6 antenna ports could be multiplexed within a CDM group using OCC=8 sequences. For instance, ports 15-20 are mapped to the CDM-8 group labeled by ‘A’ in Figure 1. Another option is to discard one CDM-8 group and 24 ports are mapped to the remaining 24 REs.
For Alt-1, there may be unbalanced power boosting for different ports, whereas the CSI-RS density is increased for Alt-2. However such overhead increase of alt-2 is extremely marginal (less than 1% with 10ms CSI feedback period) which can be easily offset by performance improvement due to full power utilization. Furthermore, combined with frequency domain overhead reduction of Class A CSI-RS, CSI-RS overhead is not a significant issue.  Hence alt-2 with full power utilization should be adopted. 
Proposal: 

· 24-port CSI-RS is aggregated with {M, K} = {8,4}, with 6 ports in each CDM-group.
2.3. {20, 28} ports CSI-RS
For 20 and 28 ports CSI-RS, if Mk=8 is the same for all k, the CSI-RS density will be larger than 1 RE /PRB/port. Considering (M,K)=(8,4) is used for the aggregation, the CDM-8 pattern design could refer to Alt-2 of 24 ports CSI-RS. Therefore, 5 antenna ports and 7 antenna ports are multiplexed within a CDM group using OCC=8 sequences for 20 ports CSI-RS and 28 ports CSI-RS, respectively.
3. Conclusions
In this contribution we discuss our CDM-8 design for {20,24,28,32} ports CSI-RS. With Mk=8 being the same for all k, two alternatives are proposed for 32 and 24 ports CSI-RS, and one alternative proposed for 20 and 28 ports CSI-RS. All these alternatives could achieve full-power utilization. We have the following proposals: 
Proposals:
· Same Mk=8 shall be used for all k for {20, 28} ports. 
· Introduce CDM-8 to achieve full-power utilization with 6 dB power-boosting.
· 24-port CSI-RS is aggregated with {M, K} = {8,4}, with 6 ports in each CDM-group.
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