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1 Introduction
The WI of further enhancement on eFD-MIMO was agreed in RAN#71 [1], with objects of new CSI-RS design and mechanism for reducing the overhead of CSI-RS transmission. In previous RAN1 meeting, some agreements have been achieved for further study:
· CDM-8 patterns for {24, 32} ports can be configured by aggregation of CDM-2/4 patterns from different CSI-RS configurations
· For each CSI-RS resource (i.e. RE configuration), at least one aggregated pattern that supports full power utilization is supported
· FFS until RAN1#88:
· Whether more than one aggregated pattern supporting full power utilization per CSI-RS resource (i.e. RE configuration) is supported
· Whether any patterns which do not support full power utilization are supported (subject to performance benefit being shown)
· How to specify which aggregated patterns are not supported (if any)
· Working assumption: No additional RRC parameters will be specified for indication of the CDM-8 patterns 
· Can be revisited if benefit from additional RRC parameter is shown
· RRC signaling details are FFS 
· A CDM-8 pattern is contained within 1 PRB
In this contribution, we will provide our understanding and proposals on CSI-RS design supporting up to 32 antenna ports.
2 CDM-8 Pattern Design
2.1 [bookmark: _Ref473051175]CDM-8 pattern for 32 ports
In order to achieve full power utilization, two alternatives are proposed, as shown in Figure 1. Four 8-port CSI-RS configurations are located in 4 OFDM symbols. One CDM-8 pattern is constructed by REs in the same color, and the number here indicates OCC index.




[bookmark: _Ref472689755]Figure 1
 CDM-8 pattern for 32 ports (a)
There are two considerations in this proposal. First, 6dB power boosting is achieved in all OFDM symbols containing CSI-RS REs, and thus full power utilization would be guaranteed. Second, for a length-8 OCC sequence, the orthogonality would be destroyed if corresponding 8 REs are separated widely in either time or frequency dimension. In Figure 1, a CDM-8 pattern only spans over 5 or 6 OFDM symbols and 3 subcarriers.
Proposal 1: Adopt CDM-8 patterns in Figure 1 for 32 ports to achieve full power utilization.
2.2 CDM-8 pattern for 24 ports
In order to achieve full power utilization, two alternatives are proposed, as shown in Figure 2. Three 8-port CSI-RS configurations are located in 2 OFDM symbols. One CDM-8 pattern is constructed by REs in the same color, and the number here indicates OCC index.




[bookmark: _Ref472695593]Figure 2
 CDM-8 pattern for 24 ports (a)
Figure 2 gives out two alternatives for 24 ports. Each alternative are aggregated by three 8-port CSI-RS REs which lies in two adjacent OFDM symbols. The difference between these two alternatives is that, in the first alternative, REs for a CDM-8 pattern span over 4 subcarriers, which benefit to maintaining the orthogonality; while in the second alternative, REs for a CDM-8 pattern follows a legacy 8-port CSI-RS configurations.
Proposal 2: Adopt CDM-8 patterns in Figure 2 for 24 ports to achieve full power utilization.
Since the introduction of CDM-8 is expected to achieve full power utilization, it seems reasonable to maintain full power utilization in CDM-8 pattern design, and patterns which do not support full power utilization would not be supported. Limited by the number of REs reserved for CSI-RS transmission, it is difficult to support more aggregated patterns supporting full power utilization per CSI-RS resource.
Proposal 3: Patterns which do not support full power utilization are not supported.
Proposal 4: More than one aggregated pattern supporting full power utilization per CSI-RS resource (i.e. RE configuration) is not necessary.
2.3 CDM-8 pattern for 20,28 ports
For CSI-RS ports with {20, 28}, applying OCC sequence with length of 8 may lead to extra overhead by puncturing 24/32 REs for 20/28 CSI-RS ports, or increased specification complexity by mapping multiple OCC sequences, i.e. with both 4 and 8, into 20 CSI-RS ports. However, the latter may lead to different transmission power or coverage for a part of ports and may impact the channel estimation given that the channel estimation generally has assumed the same power/OCC/TP for all ports and linked with specific codebook design. The risk of mixing multiple OCC sequences for CSI-RS 20/28 ports is not fully understood. Therefore, in our view if OCC length of 8 is adopted for 20/28 CSI-RS ports, it is preferred to use a simple and unified solution even it may lead to extra overhead of CSI-RS REs.
For 28 CSI-RS ports, CDM-8 patterns for 32 ports illustrated in Figure 1 can be reused for aggregation, and thus (M,K) = (8,4). Therefore, we propose that three groups of 8 CSI-RS ports are multiplexed within three CDM-8 patterns, and the left 4 CSI-RS ports are multiplexed within one CDM-8 pattern, respectively. For example, CDM-8 pattern A, B and C are shared with 8 CSI-RS ports respectively, while CDM-8 pattern D is shared with 4 CSI-RS ports.
For 20 CSI-RS ports, CDM-8 patterns for 24 ports illustrated in Figure 2 can be reused for aggregation, and thus (M,K) = (8,3) . Therefore, we propose that two groups of 8 CSI-RS ports are multiplexed within two CDM-8 patterns, and the left 4 CSI-RS ports are muliplexed with one CDM-8 pattern, respectively. For example, CDM-8 pattern A and B are shared with 8 CSI-RS ports respectively, while CDM-8 pattern C is shared with 4 CSI-RS ports.
Proposal 5: OCC length of 8 is adopted for 20/28 CSI-RS ports, it is preferred that length-8 OCC sequences are applied to all ports with the same Nk=8 to minimize specification and implementation impact.
Proposal 6: 28 CSI-RS ports are aggregated with (M,K) = (8,4) and OCC=8. Four CDM-8 groups shared with 8,8,8,4 CSI-RS ports, respectively.
Proposal 7: 20 CSI-RS ports are aggregated with (M,K) = (8,3), and OCC=8. Three CDM-8 groups are shared with 8,8,4 CSI-RS ports, respectively.
3 CSI-RS Port Indexing
In a cell configured with 32 CSI-RS ports, legacy UEs of Rel-13 and Rel-12 can only support at most 16 and 8 CSI-RS ports respectively. Therefore, the port indexing can be designed to keep a certain backward compatibility with CDM 2/4 in order to save NZP CSI-RS resources. Port indexing for different number of CSI-RS ports is investigated.

For the case of CDM4, following the same principle of Rel-13 of CDM2/CDM4, the port indexing principle can be extended to support CSI-RS ports {20, 24, 28, 32} in Rel-14. The CSI-RS port layout can be as shown in Table 1.
[bookmark: _Ref472679637]Table 1
 Port Indexing for 20~32 CSI-RS ports
	number of antenna ports
	CSI-RS ports in first polarization
	CSI-RS ports in second polarization

	20
	{15,16,17,18} with 4-port CSI-RS resource 1;
{19,20,21,22} with 4-port CSI-RS resource 3;
{23,24} with 4-port CSI-RS resource 5
	{25,26,27,28} with 4-port CSI-RS resource 2;
{29,30,31,32} with 4-port CSI-RS resource 4;
{33,34} with 4-port CSI-RS resource 5

	24
	{15,16,17,18,19,20,21,22} with 8-port CSI-RS resource 1;
{23,24,25,26} with 8-port CSI-RS resource 3;
	{27,28,29,30, 31,32,33,34} with 8-port CSI-RS resource 2;
{35,36,37,38} with 8-port CSI-RS resource 3;

	28
	{15,16,17,18} with 4-port CSI-RS resource 1;
{19,20,21,22} with 4-port CSI-RS resource 3;
{23,24,25,26} with 4-port CSI-RS resource 5;
{27,28} with 4-port CSI-RS resource 7;
	{29,30,31,32} with 4-port CSI-RS resource 2;
{33,34,35,36} with 4-port CSI-RS resource 4;
{37,38,39,40} with 4-port CSI-RS resource 6;
{41,42} with 4-port CSI-RS resource 7;

	32
	{15,16,17,18, 19,20,21,22} with 8-port CSI-RS resource 1;
{23,24,25,26,27,28,29,30} with 8-port CSI-RS resource 3;
	{31,32,33,34,35,36,37,38} with 8-port CSI-RS resource 2;
{39,40,41,42,43,44,45,46} with 8-port CSI-RS resource 4;



On the other hand, for codebooks designed for non-precoded CSI-RS schemes in Rel-14, W1 is designed with a concept of Kronecker product in which a 2D CSI is quantized with two vertical and horizontal PMIs. However, if CSI-RS port layout is changed, Kronecker product using a subset of CSI-RS port layout may lead to undesirable 2D channel quantization and the performance can be largely degraded. Therefore, backward compatibility with CDM4 can be seriously limited. As an example, two layouts of 20 CSI-RS port and corresponding antenna port indexing shown in Table 2 can be virtualized in Figure 3. It can be seen that the port indexing of 20 CSI-RS ports given in can be awkward if they are used for supporting 16 CSI-RS ports. The left figure can be perfectly supported by reusing CSI-RS resources #1~4 in Table 2 for 16 CSI-RS ports. However, the right figure cannot be used since co-polarized antenna ports, e.g. ports 20~23, have to come from two difference CSI-RS resources. As a result, the antenna port layout at the right may need separate CSI-RS resources to support Rel-14 and legacy UEs, or design new port indexing tables (for example Table 2) at expense of high specification complexity.



[bookmark: _Ref473061708]Figure 3
 20 ports antenna configuration with (M,N,P)=(5,2,2)
[bookmark: _Ref473061853]Table 2
 Example of port indexing for 20 CSI-RS ports
	number of antenna ports
	CSI-RS ports in first polarization
	CSI-RS ports in second polarization

	20
	{15,16,17,18} with 4-port CSI-RS resource 1;
{20,21,22,23} with 4-port CSI-RS resource 3;
{19,24} with 4-port CSI-RS resource 5
	{25,26,27,28} with 4-port CSI-RS resource 2;
{30,31,32,33} with 4-port CSI-RS resource 4;
{29,34} with 4-port CSI-RS resource 5



Furthermore, considering the antenna configuration down selection as proposed in [2], we can study further how to keep port indexing compatibility if possible. Generally reusing a subset of CSI-RS ports for legacy UE channel measurement may not be a power-efficient implementation given that legacy UE can only measure a partial CSI of AAS antenna array and consequently utilize only partial eNB transmission power. Therefore, it is more efficient to use separated BF CSI-RS resources for legacy UE with dedicated TXRU and CSI-RS port mapping. Then backward compatibility is not an issue here.   

Observation 1: It is difficult and unnecessary to design a CDM4 CSI-RS port layout with 20~32 ports optimized for perfect backward compatibility with 12/16 CSI-RS ports and associated port layouts.   
Observation 2: If an AAS can support 20~32 CSI-RS ports, it is more likely to configure 16 CSI-RS ports for Rel 13 UEs to retrieve a richer channel information instead of using 12 CSI-RS ports. 
Proposal 8: Adopt Table 2 for CDM 4 based port indexing. 

For the case of CDM8, the port indexing for CDM8 can be found in Table 3. 
[bookmark: _Ref472679821]Table 3
 Port Indexing for 20~32 CSI-RS ports for CDM-8
	number of antenna ports
	CSI-RS ports in first polarization
	CSI-RS ports in second polarization

	20
	{15,16,17,18,19,20,21,22} with 8-port CSI-RS resource 1;
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]{31,32} with 8-port CSI-RS resource 3;
	{23,24,25,26,27,28,29,30} with 8-port CSI-RS resource 2;
{33,34} with 8-port CSI-RS resource 3;

	24
	{15,16,17,18,19,20,21,22} with 8-port CSI-RS resource 1;
{31,32,33,34} with 8-port CSI-RS resource 3;
	{23,24,25,26,27,28,29,30} with 8-port CSI-RS resource 2;
{35,36,37,38} with 8-port CSI-RS resource 3;

	28
	{15,16,17,18, 19,20,21,22} with 8-port CSI-RS resource 1;
{31,32,33,34,35,36} with 8-port CSI-RS resource 3;
	{23,24,25,26,27,28,29,30} with 8-port CSI-RS resource 2;
[bookmark: _GoBack]{37,38,39,40,41,42} with 8-port CSI-RS resource 4;

	32
	{15,16,17,18, 19,20,21,22} with 8-port CSI-RS resource 1;
{23,24,25,26,27,28,29,30} with 8-port CSI-RS resource 2
	{31,32,33,34,35,36,37,38} with 8-port CSI-RS resource 3;
{39,40,41,42,43,44,45,46} with 8-port CSI-RS resource 4;


Proposal 9: Adopt Table 3 for CDM 8 based port indexing. 
4 CSI-RS Pattern Design with Reduced Overhead
4.1 CSI-RS Pattern Designs in Normal Frames
Since CSI-RS transmission overhead supporting 32 CSI-RS ports becomes much higher, the number of useable CSI-RS configurations becomes smaller than previous releases. Therefore, it is more difficult to avoid inter-cell interference over CSI-RS ports and conduct interference measurements using ZP-CSI-RS ports for CSI-IM. In order to reduce transmission overhead of CSI-RS, the density of CSI-RS can be relaxed via dividing the channel measurement of all antenna ports into several subframes or PRBs.
However, density reduction methods need to take care about all LTE system bandwidths, for example 3MHz with 15PRB and 5MHz with 25 PRB. In general, the performance degradation caused by density reduction methods for non-precoded CSI-RS can be sensitive to RE density per port, channel property at frequency domain, codebook associated with non-precoded CSI-RS, CDM, and etc. Therefore, RAN1 shall be cautious about the associated risk/complexity of performance degradation along with the enhanced flexibility . In our understanding, there is no strong need to have too much flexibility for all possible cases of density reduction for non-precoded CSI-RS, for example to support density reduction for a 20-port CSI-RS is not as demanding as that for a 32-port CSI-RS.   
The straightforward solution, in our understanding, is to use CSI-RS configuration at the level of CSI-RS resource for 20~32 CSI-RS ports to support density reduction. Therefore, multiple CSI-RS resources aggregated for a 20~32 port CSI-RS are configured with extra information per CSI-RS resource. 
Take 24 CSI-RS ports for example, these 24 ports are from three 8-port CSI-RS configurations, two in the first PRB, and one in the second PRB. As illustrated in Figure 4, two configurations (in red and green) are in the first PRB. If these two configurations are aggregated with the CSI-RS configuration in pink, the pink one could be shared by legacy UEs, and only 8 REs in green should be rate matched by legacy UE. However, if these two configurations are aggregated with the CSI-RS configuration in orange, they could not be shared by legacy UE, and all the 16 REs must be rate matched, which leads to a huge waste in RE usage. Thus, for overhead reduction, the CSI-RS configurations in different PRBs should be overlapped.
[image: ]
[bookmark: _Ref473066436]Figure 4
 24 ports with reduced overhead
Some basic principles, which are mainly driven by saving the effort of standardization and supporting a certain flexible CSI-RS resource utilization at the same time, are:
· Each CSI-RS resource has Comb or non-comb in addition to resourceconfig
· All CSI-RS resources for a CSI-RS process shall have the same number of ports per resource, same CDM, and same subframeconfig at least 
· Strive for the same RE density per port 
Proposal 10: Additional configuration at CSI-RS resource level can be considered to support reduced overhead for non-precoded CSI-RS. However, RAN1 shall not exaggerate the flexibility of overhead reduction for non-precoded CSI-RS.
Proposal 11: For overhead reduction, the CSI-RS configurations in different PRBs should be overlapped.

4.2 CSI-RS Pattern Designs in Special Frames
The CSI-RS transmission has been agreed in R13 discussions and the CSI-RS can be configured in DwPTS frame with length of 9, 10, 11, 12 OFDM symbols. In R14, the CSI-RS transmission also can be supported and should be extended to support CSI-RS antenna ports of {20, 24, 28, 32}. The R13 CSI-RS pattern in DwPTS has been shown in Figure 4.

[image: ]      [image: ]
(a)   DwPTS with length 11, 12 OFDM symbols       (b)   DwPTS with length 9, 10 OFDM symbols
[bookmark: _Ref472680244]Figure 5
 CSI-RS in DwPTS of R13
The most straightforward way of supporting more CSI-RS ports is to aggregate existing 4 ports CSI-RS configurations to form new CSI-RS configurations so that it can be aligned with normal frame CSI-RS design. For DwPTS frames with length of 9, 10 OFDM symbols, it would introduce interference to legacy UEs if new CSI-RS resource elements are considered. Thus, CSI-RS transmission with 20~32 CSI-RS ports in DwPTS with length 9, 10 OFDM symbols can be well supported with CDM8 by a FDM manner of overhead reduction discussed in Section 3.1. 

Proposal 12: CSI-RS transmission over 16 CSI-RS ports in DwPTS shall be supported with a manner of overhead reduction in FDM.
5 Conclusions
This contribution provides our understanding on CSI-RS design supporting up to 32 antenna ports with following observations and proposals: 
Proposal 1: Adopt CDM-8 patterns in Figure 1 for 32 ports to achieve full power utilization.
Proposal 2: Adopt CDM-8 patterns in Figure 2 for 24 ports to achieve full power utilization.
Proposal 3: Patterns which do not support full power utilization are not supported.
Proposal 4: More than one aggregated pattern supporting full power utilization per CSI-RS resource (i.e. RE configuration) is not necessary.
Proposal 5: OCC length of 8 is adopted for 20/28 CSI-RS ports, it is preferred that length-8 OCC sequences are applied to all ports with the same Nk=8 to minimize specification and implementation impact.
Proposal 6: 28 CSI-RS ports are aggregated with (M,K) = (8,4) and OCC=8. Four CDM-8 groups shared with 8,8,8,4 CSI-RS ports, respectively.
Proposal 7: 20 CSI-RS ports are aggregated with (M,K) = (8,3), and OCC=8. Three CDM-8 groups are shared with 8,8,4 CSI-RS ports, respectively.
Observation 1: It is difficult and unnecessary to design a CDM4 CSI-RS port layout with 20~32 ports optimized for perfect backward compatibility with 12/16 CSI-RS ports and associated port layouts.   
Observation 2: If an AAS can support 20~32 CSI-RS ports, it is more likely to configure 16 CSI-RS ports for Rel 13 UEs to retrieve a richer channel information instead of using 12 CSI-RS ports. 
Proposal 8: Adopt Table 2 for CDM 4 based port indexing. 
Proposal 9: Adopt Table 3 for CDM 8 based port indexing. 
Proposal 10: Additional configuration at CSI-RS resource level can be considered to support reduced overhead for non-precoded CSI-RS. However, RAN1 shall not exaggerate the flexibility of overhead reduction for non-precoded CSI-RS.
Proposal 11: For overhead reduction, the CSI-RS configurations in different PRBs should be overlapped.
Propose 12: CSI-RS transmission over 16 CSI-RS ports in DwPTS shall be supported with a manner of overhead reduction in FDM.
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