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1. Introduction

In RAN1#86 meeting, following several agreements are captured in the chairman’s note regarding the enhancements of newly supported non-precoded CSI-RS ports in eFD-MIMO.
	Agreement:

· For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where Mk is the same for all k 
· At least for CDM-4
Agreement:

Working Assumption is confirmed that CDM8 is supported for {24,32} port CSI-RS

Agreements:

· For 20-, 24-, 28-, and 32-port CSI-RS, when CDM-4 OCC applies in the CDM group comprising 4 REs within k-th CSI-RS configuration, according to the table below. 

· For Nk=4, 4REs mapping to legacy 4-port CSI-RS comprises a CDM group.

· For Nk=8, 8 REs mapping to legacy 8-port CSI-RS are partitioned into two groups of 4 REs, and each group of 4 REs located adjacently comprises a CDM group: 
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OCC index 
OCC on REs [a b c d] 
0
[1 1 1 1] 
1
[1 -1 1 -1] 
2
[1 1 -1 -1]
3
[1 -1 -1 1]
· FFS on additional CDM-4 pattern(s) at least for 28- and 32-port to support full power utilization within a single PRB.

· 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
Agreement:

· For Class A eFD-MIMO, a CSI-RS density value of 1/3 is supported in addition to already agreed values of 1 and ½ 

· No other values of CSI-RS density are supported in this Release. 

Agreement: 

· For Class A, CSI-RS overhead reduction is supported by Comb-like transmission, allowing PDSCH transmission in the REs in PRBs with no CSI-RS ports

· UE measures channel in REs in PRBs with CSI-RS ports and expects PDSCH in PRBs with no CSI-RS ports

Agreements:

· For Class B NZP CSI-RS: 
· Support CSI-RS density of d ∈ {1,1/2} RE/RB/port
· Additional values of d=1/3 and/or 1/8 are not precluded for Class B if significant benefit can be shown at RAN1#87.

· Transmission and/or measurement comb offsets are 0..1/d-1
· For d=1/2 (i.e. for Class A & Class B), comb offsets ∈ {0, 1} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 2 = comb offset
· For d=1/3 (i.e. at least for Class A), comb offsets ∈ {0, 1, 2} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 3 = comb offset
· Working Assumption: For Class A NZP CSI-RS with more than 16 CSI-RS port, in a given CSI-RS resource all CSI-RS configurations have the same values of d 

· Will be confirmed automatically at RAN1#87 unless there is consensus to support different values of d per CSI-RS configuration

· For Class A NZP CSI-RS with more than 16 CSI-RS ports each CSI-RS configuration can have different values of comb offset

· FFS the detailed signalling design


In this contribution, we further discuss the remaining details on CSI-RS designs with CDM-4 and CDM-8, and mechanism for CSI-RS overhead reduction for Rel-14 eFD-MIMO. 

2. Remaining details on {20, 24, 28, 32} CSI-RS port
1) CDM-4
During RAN1#86bis, it was agreed that the principle of CDM-4 design follows that of Rel-13 FD-MIMO especially for 20- and 24-port. And there is one FFS point regarding CDM-4 of 28- and 32-port CSI-RS.  The issue for 28- and 32-port with CDM-4 is whether to support full power utilization or not. The full power utilization is important for the coverage, however, the full power utilization can be achieved by configuring CDM-8 at least for 32-port. If CDM-8 for 28-port is not supported in Rel-14 eFD-MIMO, for full power utilization, using comb-type transmission with reduced CSI-RS density can be another option in case of 28-port CSI-RS. Besides, additional CDM-4 pattern is not preferable considering CSI-RS resource sharing with legacy UE.
Proposal 1: No additional CDM-4 pattern is supported in Rel-14 eFD-MIMO.
In the case of CDM-4, CSI-RS ports in Rel-13 are sequentially numbered according to the aggregated CSI-RS resources, and thus this port numbering cannot be adopted in Rel-14 if the CSI-RS resource sharing is supported. Also, port numbering rule may be diverged according to the supported Rel-14 antenna port layout. To solve this, one simple solution is to make the port numbering rule which can be adopted as many antenna configurations as it can. Then, it is up to eNB implementation whether to allow CSI-RS resource sharing or not. In this sense, we propose following port numbering rules as 
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Here, J denotes the number of N-port CSI-RS resource to be shared by legacy UE, for example, J=3 for 12-port legacy UE and J=2 for 16-port legacy UE. Figure 1 exhibits examples of port numbering rules in (1) for 20-, 24-port and Table 1 lists the applicable port combination. 
[image: image3.emf]20-port J=3

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

k Nk

0 4-port 15 16 17 18

1 4-port 15 16 17 18

2 4-port 15 16 17 18

3 4-port 15 16 17 18

4 4-port 15 16 17 18

24-port J=2

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

k Nk

0 8-port 15 16 17 18 19 20 21 22

1 8-port 15 16 17 18 19 20 21 22

2 8-port 15 16 17 18 19 20 21 22

CSI-RS port # for 20-port

CSI-RS port # for 24-port


Figure 1. Examples of CSI-RS port numbering for 20- and 24-port
Table 1. Applicable port combination with port numbering rule in (1)

	
	Applicable port combination (N1,N2)

	20-port
	(5,2)

	24-port
	(3,4), (6,2), (12,1)

	28-port
	(7,2)

	32-port
	(4,4), (8,2), (16,1)


Proposal 2: Adopt port numbering rule in (1) for CSI-RS resource sharing with legacy UE.
2) CDM-8
To ensure the coverage, CDM-8 is supported in Rel-14 eFD-MIMO at least for 24- and 32-port CSI-RS. For CDM-8 design, we have two options as follows. 
· 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
In Alt 2, new 8-port CSI-RS resource configurations are defined in the specification, and 24- and 32-port can be constructed by aggregating 3 and 4 newly defined CSI-RS resources, respectively. This approach may be beneficial in terms of signalling complexity at the expense of eNB flexibility. Also, new CSI-RS design may be colliding with legacy CSI-RS configuration, and this means that residual 16 or 8 RE may not be configured to other UE. 
Meanwhile, Alt 1 can have more flexibility compared to Alt 2, since Alt 1 is based on the aggregation principle. In our understanding, eNB flexibility is the one of the design principle of non-precoded CSI-RS in FD-MIMO. Also, in order to efficiently allocate CSI-RS resources to UEs, reusing legacy CSI-RS resource configuration is more beneficial. Thus, we prefer to have Alt 1 for CSI-RS design with CDM-8.
Proposal 3: Support Alt 1 for CSI-RS design with CDM-8 in Rel-14 eFD-MIMO. 
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Figure 2. Examples of CDM-2 and CDM-4 group
If Alt 1 is supported, one consideration point is performance losses due to channel variation in time and frequency domain and power utilization. For example, CDM-2 group based aggregation for CDM-8 as shown in left figure in Figure 2, can provide full power utilization, but its channel variation in time domain may be larger than that of CDM-4 group based CDM-8 design. Also, CDM-2 group based approach cannot be applied to 24-port with 1 RE/RB/port CSI-RS density. Thus, it is considerable to have both options to be configurable for CDM-8 design in Rel-14 eFD-MIMO. Regarding a port numbering of CDM-8, we can simply reuse port numbering rule applied in Rel-13 CDM-4 as in equation (2).
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3) Overhead reduction
Regarding overhead reduction, comb type transmission with density of {1, 1/2, 1/3} RE/RB/port is supported in Rel-14. The remaining issue is whether to allow different port density for some CSI-RS configurations or not. Having different port density may be beneficial for CSI-RS resource sharing with legacy UE, but it is not simply done by a simple port numbering as we discussed above. Also, different port density leads to the imbalance of channel estimation performance for each port. For these reasons, we prefer to maintain the same density for all CSI-RS configurations. 
Proposal 4: Confirm the working assumption of “For Class A NZP CSI-RS with more than 16 CSI-RS port, in a given CSI-RS resource all CSI-RS configurations have the same values of d”. 
3. Conclusion
In this contribution, we discussed the remaining details on 20-, 24-, 28- and 32-port CSI-RS designs for non-precoded CSI-RS to support eFD-MIMO. The proposals based on the discussion are given below:
Proposal 1: No additional CDM-4 pattern is supported in Rel-14 eFD-MIMO.
Proposal 2: Adopt port numbering rule in (1) for CSI-RS resource sharing with legacy UE.
Proposal 3: Support Alt 1 for CSI-RS design with CDM-8 in Rel-14 eFD-MIMO. 
Proposal 4: Confirm the working assumption of “For Class A NZP CSI-RS with more than 16 CSI-RS port, in a given CSI-RS resource all CSI-RS configurations have the same values of d”. 
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