3GPP TSG RAN WG1 Meeting #88
             R1-1701835
Athens, Greece, 13th - 17th February 2017
Source:              ZTE, ZTE Microelectronics
Title:                   Remaining issues on non-precoded CSI-RS
Agenda Item:     7.2.2.1
Document for:   Discussion and Decision
1. Introduction
In RAN1#87, some progress has been achieved on CDM-8 pattern for non-precoded CSI-RS [1]. Wherein, CDM-8 patterns for {24, 32} ports can be configured by aggregation of CDM-2/4 patterns from different CSI-RS configurations, with FFS for the CDM-8 details for each CSI-RS resource. These agreements and working assumptions are listed as following:

Agreement:

· 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

This contribution will discuss the CDM-8 details for each CSI-RS resource.
2. CDM-8 pattern for 32 ports
For 32 port CSI-RS, we first discuss the CDM-8 pattern under the density of 1 RE/RB/port for per CSI-RS resource, and then discuss CDM-8 pattern under low density.
2.1 CDM-8 pattern for 32 ports under the density of 1 RE/RB/port
In CDM-8 case, the RE pattern of 32-port CSI-RS resource can also be composed of 4 from the 5 legacy configurations of 8 ports. So there are 5 RE patterns for 32-port CSI-RS resource. In Ran1 #87 meeting, two types of CDM-8 patterns have been provided for discussion. 
Alt 1:  CDM 8 pattern is configured by aggregation of CDM-2/4 patterns, and the pattern from OFDM symbol #5 and #6 is CDM-2 based [2][3]. Figure 1 shows two examples. In the left, CDM-8 pattern is constructed by 4 CDM-2 patterns extracted from 4 different CSI-RS configurations, and in the right, CDM 8 pattern is constructed by one CDM-4 pattern extracted from one CSI-RS configuration and two CDM-2 patterns extracted from other two different CSI-RS configurations.
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Fig 1: Alt 1 of CDM-8 patterns
Alt 2：CDM8 pattern constructed by two CDM-4 patterns extracted from two different CSI-RS configurations [4].
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Fig 2: Alt 2 of CDM-8 patterns
Alt 1 can achieve full power utilization with 6dB power boosting in each OFDM symbol to meet the CDM-8 motivation, while Alt 2 can’t achieve full power utilization with just 3dB power boosting. So we prefer alt 1 for CDM-8 pattern.
With alt 1, the simpler configuration approach is to predefine the 4 CDM-8 patterns in each RE pattern, and signal which RE pattern, i.e., resource configuration, is used. Then UE can know the used CDM-8 patterns by the RE pattern information. The detailed CDM-8 patterns in each RE pattern for 32-port CSI-RS resource are shown from configuration #0 to #4 in appendix.
Proposal 1: For 32 ports under the density of 1 RE/RB/port, the configured RE pattern is associated with its CDM-8 patterns, and the CDM-8 patterns in each RE pattern are predefined in specification with full power utilization supported. 
2.2 CDM-8 pattern for 32 ports under low density
The RE pattern with predefined 4 CDM-8 patterns under the density of 1 RE/RB/port can also be used as a 32-port RE pattern with same offset for different legacy configurations under low density. Figure 3 shows the examples for is 1/3 RE/RB/port and 1/2 RE/RB/port.
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Fig 3: RE pattern with predefined 4 CDM-8 patterns under low density  
When the data transmission for legacy UEs and the CSI-RS transmission with the above scheme are the same subframe, some REs will be wasted for rate matching.  To solve this issue under the density of 1/2 RE/RB/port, RE pattern constructed by predefined 4 CDM-8 patterns in 2 PRBs with different offsets for each legacy configuration can be used, where each CDM-8 pattern contains two legacy CDM4 patterns. The details are shown from configuration #5 to #10 in appendix.
Proposal 2: RE patterns with predefined 4 CDM-8 patterns under the density of 1 RE/RB/port can be used as a 32-port configuration with same offset for different legacy configurations under low density.
Proposal 3: RE pattern constructed by predefined 4 CDM-8 patterns in 2 PRBs with different offsets for each legacy configuration can be used for 1/2 RE/RB/port, where each CDM-8 pattern contains two legacy CDM4 patterns.
3. CDM-8 pattern for 24 ports

For 24 ports, Fig 4 shows a RE pattern with CDM-8 patterns, where 24 ports are located in OFDM symbol#2 and 3 of slot 1. In this pattern, full power utilization can be achieved, and the impact of frequency offset can be neglected as only two adjacent OFDM symbols are occupied. Hence this pattern should be supported for 24 ports with CDM8. 
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Fig 4: RE pattern for the 24 ports with 24 RE in CDM-8 case
Only one pattern is not sufficient for CSI-RS design. There are two schemes for more RE patterns for 24 ports in CDM-8 case.

Alt 1: 24 ports can adopt the same RE patterns and the according CDM-8 patterns for 32 ports, and 6 antenna ports could be multiplexed within a CDM-8 pattern using OCC8 sequences [5].

Alt 2: The RE patterns and the according CDM-8 patterns for 24 ports can be obtained by trimming one fixed CDM-8 pattern off  the  according RE patterns for the 32 ports, and 8 antenna ports could be multiplexed within a CDM-8 pattern using OCC8 sequences. 
The two schemes use 32 REs to realized 24 ports.  Fig 5 shows an example of Alt 2, where the right is the RE pattern with 3 CDM-8 pattern for 24 ports, which is obtained through trimming a CDM-8 pattern, marked by D, off  the according RE pattern for 32 ports in the left. With Alt 2, 8 REs are not used in a RE pattern for the 24 ports, and these idle REs can be used for other purposes, e.g. CSI-IM, PDSCH transmission and so on.  Hence we prefer Alt 2 for 24 ports with CDM8.
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Fig 5: Additional RE patterns for 24 ports with according CDM-8 patterns by trimming 32-port patterns
Proposal 4:  All REs in OFDM symbol#2, 3 of slot 1 construct one RE pattern for 24 ports, which contain 3 CDM-8 patterns, with each pattern containing 4 RE pairs in continuous subcarriers.
Proposal 5: The additional RE patterns and the according CDM-8 patterns for the 24 ports can be obtained by trimming one fixed CDM-8 pattern off the according RE patterns for the 32 ports, and the fixed CDM-8 pattern locates in highest-frequency or lowest-frequency sub-carriers in a PRB. 
4. Port numbering in CDM-8 case
There are two legacy methods for port numbering after aggregation, where one is used in CDM-2 case, and the other is used in CDM-4 case. Details are shown as the following.

Alt 1: in CDM-2 case, 
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Alt 2: in CDM-4 case,
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With the method in CDM-2 case, a subset of the RE pattern for small number of ports and whole RE pattern for large number of ports can be used simultaneously. For example, with the method as in CDM-2 case, 16 port out of 32 port RE pattern can be used for 16 ports, while it’s not possible with the method in CDM-4 case. Due to compatibility of different number of ports, for CDM-8 port numbering, we prefer to use the similar method as in CDM-2 case. Table 1 shows the details in CDM-8 case.
Table 1: Port numbering for 24 ports and 32 ports in CDM-8 case
	
	Numbering for 32 ports
	Numbering for 24 ports

	CDM8 pattern A
	{15:18,31:34}
	{15:18,27:30}

	CDM8 pattern B
	{19:22,35:38}
	{19:22,31:33}

	CDM8 pattern C
	{23:26,39:42}
	{23:26,34:38}

	CDM8 pattern D
	{27:30,43:46}
	


Proposal 6: In CDM-8 case, port numbering should be similar as in CDM-2, and the details are listed in Table 1. 
5. Conclusion

In this contribution, we discuss remaining details on CDM-8 for NP CSI-RS. We have the following proposals:

Proposal 1: For 32 ports under the density of 1 RE/RB/port, the configured RE pattern is associated with its CDM-8 patterns, and the CDM-8 patterns in each RE pattern are predefined in specification with full power utilization supported. 
Proposal 2: RE patterns with predefined 4 CDM-8 patterns under the density of 1 RE/RB/port can be used as a 32-port configuration with same offset for different legacy configurations under low density.

Proposal 3: RE pattern constructed by predefined 4 CDM-8 patterns in 2 PRBs with different offsets for each legacy configuration can be used for 1/2 RE/RB/port, where each CDM-8 pattern contains two legacy CDM4 patterns.

Proposal 4:  All REs in OFDM symbol#2, 3 of slot 1 construct one RE pattern for 24 ports, which contain 3 CDM-8 patterns, with each pattern containing 4 RE pairs in continuous subcarriers.
Proposal 5: The additional RE patterns and the according CDM-8 patterns for the 24 ports can be obtained by trimming one fixed CDM-8 pattern off the according RE patterns for the 32 ports, and the fixed CDM-8 pattern locates in highest-frequency or lowest-frequency sub-carriers in a PRB. 
Proposal 6: In CDM-8 case, port numbering should be similar as in CDM-2, and the details are listed in Table 1. 
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