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1. Introduction

In RAN1 #82bis meeting [1], some working assumptions and agreements are reached regarding non-precoded CSI-RS design.  There are still some FFS as follows: 
· FFS: The aggregated port number is given by n=(k-1)*N+p, p = 15,…,14+N,   k (= 1,…,K) correspond to the k-th CSI-RS configuration.
· Down-selection or merging of the following two alternatives of CDM RE set construction 
· Alt 1: time domain only (4 OFDM symbols)

· Alt 2: time and frequency domain (2 subcarriers x 2 OFDM symbols)

In case of CDM-4, although the CSI-RS resource configurations can indicate CSI-RS RE location, RE location of the ports multiplexed in a group are still unknown. The two alternatives of CDM RE set construction for CDM-4 need to be down-selected or merged. The aggregated port number, which has been proposed in [2], doesn’t take into account on reusing the 12 or 16 port CSI-RS on 8-port CSI-RS operation for 8Tx cross polarized antennas. In this contribution, we will discuss aggregated port indexing and CDM RE set construction.
2.  Aggregated port indexing for CDM-2 
In RAN1#82bis meeting, an aggregated port number is given, as is the following scheme 1:

Scheme 1: n=k*N+p, p = 15,…,14+N,  k (= 0,…,K-1) correspond to the k-th CSI-RS configuration，n is the aggregated port number.
This scheme doesn’t take into account on reusing the 12 or 16 port CSI-RS on 8-port CSI-RS operation for 8Tx cross polarized antennas. Figure 1 gives an example of aggregated port indexing for 16 port with (N,K) = (8,2) according to scheme 1. The left figure shows the 16 ports and the aggregated port number n labeled with A_n. The right figure shows the 8 ports of k-th CSI-RS configuration and the port number p labeled with Ck_p.  From the left figure, it can be observed that the ports numbered from 15 to 22 are in the same direction of polarization, and the other ports numbered from 23 to 30 are in another direction of polarization, which matches the 16 port codebook for typical cross polarized antennas configuration.  From the right figure, it can be observed that all the ports in the 0-th CSI-RS resource configuration are in the same direction of polarization, and also in 1st CSI-RS resource configuration.  However, each of these 8 port configuration does not match the typical cross-polarized 8 port configuration.  This leads to the issue that 8 port can't be reused for 8 port CSI operation e.g. for non-FD-MIMO UEs or for legacy UEs.
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Fig. 1: The port indexing for polarized antennas according scheme 1
To reuse some of the ports from 12 or 16 port CSI-RS for 8-port CSI-RS operation for 8Tx cross polarized antennas, we give a new scheme for the aggregated port indexing, as scheme 2 below.
Scheme 2:
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p = 15,…,14+N,  k (= 0,…,K-1) correspond to the k-th CSI-RS configuration, n is the aggregated port number.
Figure 2 illustrates that Scheme 2 is applied to the (N, K) = (8, 2) configuration.  It can be observed that this indexing scheme fits both aggregated 16 ports for 16Tx cross polarized antenna configuration and 8 ports for 8Tx cross polarized antenna configuration.   This means we can reuse the ports from 12 or 16 port CSI-RS for 8-port CSI-RS operation for 8Tx cross polarized antennas with scheme 2. 
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Fig. 2: The port indexing for polarized antennas according scheme 2
Proposal 1:  The aggregated port number is given as follows: 
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p = 15,…,14+N,  k (= 0,…,K-1) correspond to the k-th CSI-RS configuration, n is the aggregated port number.

3. Down-selection of two CDM RE set construction for CDM-4 
For CDM-4, there are two alternatives of CDM RE set construction need to down select or merge:
· Alt 1: time domain only (4 OFDM symbols)

· Alt 2: time and frequency domain (2 subcarriers x 2 OFDM symbols)

Figure 3 shows the CSI-RS RE locations in normal CP for frame structure 1 and 2, which are labeled with yellow. There are 6 OFDM symbols for CSI-RS RE, in which there are not continuous 4 OFDM symbols, that means 4 OFDM symbols needed in Alt1 will span more than 4 OFDM symbols length. In this case it’s at least 5 OFDM symbols length. When there is frequency synchronization error between the eNB and the UE, a phase rotation in the channel coefficient will be generated in time which potentially leads to interference in CDM. So the span of 4 OFDM symbols in Alt1 may bring performance loss in some cases.
There are only 2 OFDM symbols for CSI-RS configuration in frame structure 2 only (for TDD), which is shown in figure 4.  In this case, Alt 1 does not fit, because Alt 1 needs 4 OFDM symbols.
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  Fig. 3: CSI-RS RE for frame structure 1 and 2                  Fig.4: CSI-RS RE for frame structure 2 only
For Alt 2, there are two CDM RE set construction. One is that the 4 REs are located at 2 continuous subcarriers and 2 OFDM symbols, which labeled with Alt 2a. The other is that the 4 REs are the REs of a legacy 4 port. Figure 5 shows the two CDM RE set construction. In figure 5, the REs in yellow are CDM RE set construction of Alt 2a, and the REs in green are that of Alt 2b. The REs in a CDM RE set construction of Alt 2a are close in both time and frequency domain which is good for so the CDM performance.  
A legacy CSI-RS resource configuration of 8 ports includes 2 CDM RE set construction of Alt 2a in normal CP,  and so the REs of 16 ports in this CDM RE set construction can be easily aggregated by (N,K) = (8,2).  However, for 12 ports with (N,K) = (8,2), it will produce 4 unnecessary REs of overhead with Alt 2a.   The CDM RE set construction of Alt2b is more flexible in this case so that the REs of 12 ports can be easily aggregated by (N,K) = (4,3) without unnecessary overhead.  Although Alt 2b spans more than 6 subcarriers in frequency, this is not an issue for channel with less frequency selectivity..  Considering benefits of Alt2a and Alt2b, it is desirable to have the configurability between Alt2a and Alt2b according to the channel environment and resource assignment of CSI-RS. 
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Fig. 5:  CDM RE set construction of alt 2a and that of 2b
Proposal 2:  CDM RE set construction for CDM-4 is configurable (e.g. between alt 2a and alt 2b).
4. Aggregated port indexing and port-to-CDM mapping for CDM-4  
Up to now, RE location of the ports multiplexed in a CDM group for CDM-4 is not known, though the CSI-RS resource configurations indicate CSI-RS RE locations.  Therefore, port indexing and port-CDM mapping for CDM-4 are considered together.  Two options are considered for CDM-4. 
-  Option 1 has the same aggregated port indexing as CDM-2, ports from 12 or 16 port CSI-RS can be reused for 8-port CSI-RS operation for 8Tx cross polarized antennas. .  
- In Option 2, the port indexing is consecutive in a group.   But ports from 12 or 16 port CSI-RS cannot be reused for 8-port CSI-RS operation for 8Tx cross polarized antennas.  Details are as follows.
Option 1:  The aggregated port number is given by the same formula as the aggregated port number in CDM-2, as follows:
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p = 15,…,14+N,  k (= 0,…,K-1) correspond to the k-th CSI-RS configuration，n is the aggregated port number.

The four ports multiplexed in a group in CDM-4 is given by
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where, m(=0,1,2,3) is the group number.
According to option 1 with (N,K)=(8,2), the relation between the aggregated port numbers in CDM-4 and that of in CDM -2 is shown in table 1, and the port to CDM mapping is shown in table 2.
Table 1: The relation between the aggregated port numbers in CDM-4 and that of in CDM -2 with option 1
	the port number for k-th 8 port CSI-RS 
	k=0
	k=1
	k=0
	k=1

	
	15
	16
	17
	18
	15
	16
	17
	18
	19
	20
	21
	22
	19
	20
	21
	22

	the aggregated port number in CDM-4
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30


Table 2:  The port to CDM mapping with option 1
	
	the aggregated port number in CDM-4

	ports in CDM group with m=0
	15
	16
	23
	24

	ports in CDM group with m=1
	17
	18
	25
	26

	ports in CDM group with m=2
	19
	20
	27
	28

	ports in CDM group with m=3
	21
	22
	29
	30


Option 2: The port indexing is consecutive in a CDM-4 group. The aggregated port number is given by
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p = 15,…,14+N,  k (= 0,…,K-1) correspond to the k-th CSI-RS configuration, n is the aggregated port number.
The four ports multiplexed in a group in CDM-4 is given by
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where, m(=0,1,2,3) is the group number.
Table 3:  The relation between the aggregated port numbers in CDM-4 and that of in CDM -2 with option 2
	the port number for k-th 8 port CSI-RS 
	k=0
	k=0
	k=1
	k=1

	
	15
	16
	19
	20
	17
	18
	21
	22
	15
	16
	19
	20
	17
	18
	21
	22

	the aggregated port number in CDM-4
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30


Table 4:  The port-CDM mapping with option 2
	
	the aggregated port number in CDM-4

	ports in CDM group with m=0
	15
	16
	17
	18

	ports in CDM group with m=1
	19
	20
	21
	22

	ports in CDM group with m=2
	23
	24
	25
	26

	ports in CDM group with m=3
	27
	28
	29
	30


Proposal 3: Adopt option 1 i.e. reuse the same aggregated port indexing of CDM-2 case for CDM-4 case and  port-to-CDM mapping with {(15,16), (15,16)+KN/2}+2m for the m-th CDM-group  for CDM-4.
5. Conclusion

In this contribution, we discuss the related issues of 12 and 16 port CSI-RS design including the aggregated port number, Down-selection or merging of the two CDM RE set constructions, and RE location of the ports multiplexed in a group.  Our proposals are summarized as below:
Proposal 1：The aggregated port number is given as follows:
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p = 15,…,14+N,  k (= 0,…,K-1) correspond to the k-th CSI-RS configuration, n is the aggregated port number.

Proposal 2:  CDM RE set construction for CDM-4 is configurable (e.g. between alt 2a and alt 2b).
Proposal 3: Adopt option 1 i.e. reuse the same aggregated port indexing of CDM-2 case for CDM-4 case and  port-to-CDM mapping with {(15,16), (15,16)+KN/2}+2m  for the m-th CDM-group  for CDM-4.
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