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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#86bis:
Agreements:

· CDM-8 design for {24, 32} ports:
· At least for 32-port CSI-RS, at least one CDM-8 pattern exists which uses REs from more than 2 OFDM symbols

· FFS until RAN1#87:

· which CDM-8 patterns are useful, and 

· downselection between:

· Alt 1: CDM-8 patterns are configured by aggregation of CDM-2/4 patterns

· Alt 2: CDM-8 patterns are defined in the specifications without explicit aggregation

· Overhead reduction for CDM-8 is FFS
· Note: CDM-8 can be supported in both normal and special subframes

From the agreements, CDM-8 is introduced for {24, 32} CSI-RS ports. Whether to use CDM-8 for {20,28} ports needs further discussion. In this contribution, we discuss the CDM-8 CSI-RS design for {20,24,28,32} ports.
2. CDM-8 for {20,28} ports
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. In [2] and [3], full power utilization based on CDM-8 has been proved to be beneficial to the system performance. Since full power utilization has been supported for {2,4,8,12,16,24,32} CSI-RS ports, it should also be applicable to {20,28} ports. Therefore, we propose to support the use of CDM-8 for {20,28} ports CSI-RS.

As CDM-8 cannot be configured to Rel-12/13 UEs, port sharing with legacy UEs is no longer required in the case of CDM-8. Then the same Mk is preferred to be used. In addition, in order to apply CDM-8 OCC, M×K should be an integer multiple of 8. Consequently, both (M,K)=(4,8) and (M,K)=(8,4) would be used for {20,28} ports aggregation. This implies the CSI-RS mapped RE number becomes larger than the CSI-RS port number. Further details will be explained in later section.
Proposal:
· For {20,28} ports, the same Mk=8 or Mk=4 shall be used for all k in the case of CDM-8. 
3. CDM-8 pattern

3.1. 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-port 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-port 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.
Proposal: 

· Either Alt-1 or Alt-2 could be used as the CDM-8 pattern for 32-port CSI-RS.
3.2. 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-port 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.
3.3. {20, 28} ports CSI-RS
For 20 and 28 ports CSI-RS, as discussed above, the CSI-RS density will be larger than 1 RE/PRB/port. If (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. If (M,K)=(4,8) is used, some other CSI-RS patterns would be constructed due to the smaller aggregation granularity. One example is shown in Figure 4.
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Figure 4: CDM-8 for 20/28-port CSI-RS with (M,K)=(4,8)
Proposal: 

· 20/28-port CSI-RS is aggregated with {M, K} = {8,4} or {4,8} , with 5/7 ports in each CDM-group.
3.4. CDM-8 for special subframes
In the case of DwPTS with length 11/12 OFDM symbols, the CDM-8 CSI-RS pattern could reuse that of the normal subframe with only symbol shifting. Figure 5 illustrates the 32-port CSI-RS in the special subframe, when DwPTS length equals to 11 OFDM symbols.
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Figure 5: CDM-8 for 32-port CSI-RS in the special subframe
Proposal: 

· In the case of DwPTS with length 11/12 OFDM symbols, the CDM-8 CSI-RS pattern could reuse that of the normal subframe with only symbol shifting.

4. Specification method

As discussed in section 3, for each alternative of {32,24} ports, the CDM-8 CSI-RS pattern is a unique aggregation of CDM-2/4 patterns. With the same CSI-RS aggregation, there are some other CDM-8 patterns. One example is shown in Figure 6, where four CDM-2 patterns corresponding to four CSI-RS configurations construct one CDM-8 pattern. However, compared to Figure 1, this pattern may be less robust in the frequency selective channel due to its larger frequency spread. Further, considering the specification complexity, we prefer to support one fixed CDM-8 pattern instead of all the possibly aggregated patterns. Therefore, we propose to define the CDM-8 pattern in the specifications without explicit aggregation.
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Figure 6: Another CDM-8 pattern for 32-port CSI-RS
Proposal: 

· CDM-8 patterns are defined in the specifications without explicit aggregation.
5. Conclusions
In this contribution we propose our CDM-8 design for {20,24,28,32} ports CSI-RS with the aim of achieving full power utilization. Besides the normal subframe, the CDM-8 design for the special subframe is also discussed. Further, we present our view on the specification method of the CSI-RS configuration. We have the following proposals: 
Proposals:
· For {20,28} ports, the same Mk=8 or Mk=4 shall be used for all k in the case of CDM-8.
· Either Alt-1 or Alt-2 could be used as the CDM-8 pattern for 32-port CSI-RS.
· 24-port CSI-RS is aggregated with {M, K} = {8,4}, with 6 ports in each CDM-group.
· 20/28-port CSI-RS is aggregated with {M, K} = {8,4} or {4,8} , with 5/7 ports in each CDM-group.
· In the case of DwPTS with length 11/12 OFDM symbols, the CDM-8 CSI-RS pattern could reuse that of the normal subframe with only symbol shifting.

· CDM-8 patterns are defined in the specifications without explicit aggregation.
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