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1 Introduction
In RAN1#82bis, a FFS remains on how to number the ports for Class A CSI-RS with 12 or 16 ports [1]..

Agreements:
· …
· CSI-RS RE mapping details for CDM-2
· The ports of the aggregated resource correspond to the ports of component resources according to the following:
· The aggregated port numbers are 15, 16, … 30 (for 16 CSI-RS ports)
· The aggregated port numbers are 15, 16, … 26 (for 12 CSI-RS ports)
· 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.

In this contribution, we provide a port mapping scheme that enables lower CSI-RS overhead for FD-MIMO compared to the proposal in the FFS from RAN1#82bis. 
 Support of legacy terminals for FD-MIMO
If a FD-MIMO enabled eNB is deployed and operating with Class A CSI feedback (i.e. at least 12 or 16 TXRU is implemented), it is crucial that this eNB also supports legacy (pre-Rel.13) terminals. Since these legacy terminals can measure at most 8 CSI-RS antenna ports, they need a separate CSI-RS resource configuration. 
Since 16 CSI-RS ports consumes a considerable overhead, and legacy terminals require an additional 8 CSI-RS ports, it is crucial that it is at least possible for the eNB to have the option to configure the legacy terminals CSI-RS ports as a subset of the Rel.13 Class A CSI-RS ports. 
Observation 1: It is desirable to configure CSI-RS ports for legacy terminals as a subset of the 12 or 16 CSI-RS Class A ports configured for Rel.13 terminals and to maintain cross-polarized antenna structure of the used antenna array. 
In the following, we describe how this can be achieved by proper port numbering for Class A CSI-RS resource. 
Assumed port numbering for CSI-RS resource 
For non-precoded CSI-RS, a precoding matrix  in the corresponding Class A codebook (as well as for legacy Rel.10 and Rel.12 codebooks) is represented as 

Where for Rel.13 codebooks:
·  
·  is a N1xL1 matrix with L1 column vectors being an O1x oversampled DFT vector of length N1: 
·  is a N2xL2 matrix with L2 column vectors being an O2x oversampled DFT vector of length N2: 
· N1  and N2 are the numbers of antenna ports per pol in 1st and 2nd dim.





The block diagonal structure of the Kronecker product implies that  (a) cross polarization antennas are used; (b)  the CSI-RS ports are numbered along the second dimension first for each polarization, i.e.  , where   is the CSI-RS port index for the first polarization.  For the second polarization, , .  An example for    and  are shown in Figure 1. 


(a) (N1,N2) =(4,2)  port layout
(b) (N1,N2)=(2,4) port layout
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[bookmark: _Ref434414668]Figure 1: CSI-RS port numbering based on Class A codebook structure

Hence, we make the following observation:

Observation 2 : In the Class A codebook structure, as well as in legacy Rel.10 and Rel.12 codebooks, the first half of the CSI-RS ports, ,  are associated with antenna ports with one polarization and the second half of the CSI-RS ports,  , are associated with the antenna ports that have the alternative polarization.
 CSI-RS ports to resource mapping
For non-precoded CSI-RS, it has been agreed that the CSI-RS resource is an aggregation of K N-port legacy CSI-RS resources, i.e.
CSI-RS resource k=0:  N CSI-RS ports
CSI-RS resource k=1:  N CSI-RS ports
…
CSI-RS resource k=K-1:  N CSI-RS ports


where  for 16 CSI-RS ports and  for  12 CSI-RS ports.  
 In the FFS item of the agreement, the mapping between the nth CSI-RS port and the kth component resource is given as follows:



 	 where  and 
With the above port numbering, an example of 16 CSI-RS ports with (K,N) = (2,8) resource configuration is shown in Figure 2. In this case, the first 8-port resource is allocated to ports 15 to 22, which has the same polarization, while the second 8-port resource is allocated to ports 23-30, which are associated with the other polarization.
[image: ]
Figure 2: An example of CSI-RS port numbering with the numbering scheme in the FFS for 16-port with aggregation of K=2 legacy CSI-RS resources of N=8 ports each 

A problem with this numbering scheme is that the 8 port config#0 cannot be configured to a legacy terminal while maintaining good performance, since ports 15-22 map to a co-polarized array of antennas whereas the 8 port legacy codebook is designed and optimized for a cross polarized antenna array. Hence, a separate 8 port resource must be configured to the legacy terminal if cross-polarized codebook properties are to be utilized, which increases the CSI-RS overhead and reduces performance. 
There are various ways to resolve this issue. The most straightforward one is to change the port numbering scheme in the aggregation of the 12 and 16 port CSI-RS resource so that one of the aggregated resources corresponds to a cross polarized antenna arrays, and can thus be re-used by a legacy terminal. 
A port numbering expression that achieves this for any number of Class A ports {12,16} and K aggregated resources is given below.

The Class A CSI-RS  port numbers,   , used for the kth component resource are given as follows:

 	

where  is new port number allocated for the kth component resource,  k = 0,…,K-1 is the kth aggregated resource,  is the legacy port number associated with each aggregated resource,  and N is the number of ports per aggregated resource.   This CSI-RS port numbering scheme can be summarized in a table form as shown in Table 1 and Table 2.












[bookmark: _Ref434477439]Table 1: Mapping of  12 and 16 CSI-RS  ports using aggregation of multiple eight (N=8) and four (N=4) ports CSI resources with the new numbering scheme
	CSI-RS port number (n)
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	Port number of each component CSI-RS configuration (p)
	K=2, N=8 
	Aggregated resource (k)
	0
	15
	16
	17
	18
	-
	-
	-
	-
	19
	20
	21
	22
	-
	-
	-
	-

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

	
	K=3, N=4
	Aggregated resource (k)
	0
	15
	16
	-
	-
	-
	-
	-
	-
	17
	18
	-
	-
	-
	-
	-
	-

	
	
	
	1
	-
	-
	15
	16
	-
	-
	-
	-
	-
	-
	17
	18-
	-
	-
	-
	-

	
	
	
	2
	-
	-
	-
	-
	-15
	16
	-
	-
	-
	-
	-
	- 
	17
	18
	-
	-



[bookmark: _Ref434477459]Table 2: Mapping of 12 and 16 CSI-RS  ports using aggregation of eight (K=8) and six(K=6)  2-port (N=2) CSI resources with the new numbering scheme
	
	Aggregated cis-rs resource (k)  

	
	0
	1
	2
	3
	4
	5
	6
	7

	Port number of each component CSI-RS configuration (p)
	15
	16
	15
	16
	15
	16
	15
	16
	15
	16
	15
	16
	15
	16
	15
	16

	CSI-RS Port number (n)
	K=8, N=2
	15
	23
	16
	24
	17
	25
	18
	26
	19
	27
	20
	28
	21
	29
	22
	30

	
	K=6, N=2
	15
	21
	16
	22
	17
	23
	18
	24
	19
	25
	20
	26
	-
	-
	-
	-



For the same 16-port example discussed  previously, the port to resource mapping is shown in Figure 3.  In this case, the 8-port resource contains CSI-RS ports with both polarizations, yet it still meets the requirement that ports 15-22 are on one polarization while ports 23-30 are on a different polarization.  For example, the 8-port resource with k=0 now has ports 15-18 on one polarization and ports 23-26 on a different polarization; hence a legacy 8 port can directly use an aggregated legacy resource with cross-polarized antennas. 

[image: ]
[bookmark: _Ref434417855]Figure 3: An example of CSI-RS port numbering with the new numbering scheme for 16-port with aggregation of K=2  legacy CSI-RS resources of N=8 ports each 

Depending on the number K of aggregated resources, the  new numbering scheme  would allow legacy UEs to be configured with a subset of 2, 4, or 8 CSI-RS ports and without additional CSI-RS overhead.

Conclusion
We have discussed the CSI-RS port numbering requirement given the Class A codebook structure and  possible options for CSI-RS ports to (component) CSI-RS resource mapping.  
 
Observation 1: It is desirable to configure CSI-RS ports for legacy terminals as a subset of the 12 or 16 CSI-RS Class A ports configured for Rel.13 terminals and to maintain cross-polarized antenna structure of the used antenna array. 

Observation 2 : In the Class A codebook structure, as well as in legacy Rel.10 and Rel.12 codebooks, the first half of the CSI-RS ports, ,  are associated with antenna ports with one polarization and the second half of the CSI-RS ports,  , are associated with the antenna ports that have the alternative polarization.

Given this, we have the following proposal:

Proposal:  Agree on the following port numbering scheme for Class A CSI-RS resource

The Class A CSI-RS resource port numbers used for the kth component resources are given as follows:

 	
where k = 0,…,K-1 is the kth aggregated resource and N is the number of ports per aggregated resource.   
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