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1. Introduction

The approved WID [1] includes enhancement on non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping. Considering observations in [2] regarding impairments related to non-precoded CSI-RS design, it is desired to keep the existing CSI-RS design principle as much as possible. Based on that, new CSI-RS patterns for 12- and 16-port CSI-RS, which need to be specified in the WI according to the approved WID, are discussed in this contribution.
2. CSI-RS design and configuration for 12 and 16 ports
2.1. Approach 1: New CSI-RS patterns are fixed in specification
In the current specification, there are many CSI-RS patterns supported for 1, 2, 4, or 8 ports [3], where all the patterns follow a tree structure such that any 1, 2, or 4 port CSI-RS patterns are designed to be transmitted on partial REs in any of five 8 port CSI-RS patterns in a subframe. Similarly, new 12- and 16-port CSI-RS patterns can be designed by extending such a tree structure, if possible, and fixed in the specification. Approach 1 follows this design principle, and some straightforwardly extended patterns are proposed in Figures 1 and 2, respectively for 12 and 16 ports.
[image: image1.emf]f

r

e

q

u

e

n

c

y

X

X

X

1 slot

Y 1

2

 

s

u

b

c

a

r

r

i

e

r

s

 

(

1

R

B

)

1 slot

6

 

s

u

b

c

a

r

r

i

e

r

6

 

s

u

b

c

a

r

r

i

e

r

1 subframe

Y

Y

RE occupied by PDCCH

RE occupied by CRS

RE occupied by DMRS 

(port 9,10,12,14)

time

PDCCH

X Y

X

X

X

X

Y

Y

Y

Y

X

RE used for legacy CSI-RS 

patterns

New 12-port CSI-RS pattern#1

New 12-port CSI-RS pattern#2

Y

RE used for legacy CSI-RS 

patterns

RE occupied by DMRS 

(port 7,8,11,13)


Figure 1. Proposed 12-port non-precoded CSI-RS patterns based on Approach 1.

In Figure 1, a proposed design based on Approach 1 with 12-port non-precoded CSI-RS patterns is shown. The proposed pattern has a merit that it can be easily multiplexed with legacy CSI-RS patterns in the same subframe. For example, if a cell uses one 12-port CSI-RS pattern#1 for CSI-RS transmission, other 12 REs in the same OFDM symbols per PRB pair in the figure can be used for adjacent cells for CSI-RS transmission based on another 12-port CSI-RS pattern#2 or some of legacy CSI-RS patterns, where it is assumes proper ZP CSI-RS configurations are also used for the cells to protect each NZP CSI-RS transmission.

In addition, the two 12-port CSI-RS patterns in the figure are all within adjacent 2 OFDM symbols, which follow the same design principle as legacy CSI-RS patterns such that TDM of REs in a CSI-RS resource is kept within at most 2 OFDM symbols.
Similarly, Figure 2 shows a proposed design of Approach 1 with 16-port non-precoded CSI-RS patterns, where 2 new 16-port CSI-RS patterns are all within 2 adjacent OFDM symbols and partially overlapped each other, so that only one of them can be selectively used in a cell while other REs marked with ‘Z’ can be used in other cells.
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Figure 2. Proposed 16-port non-precoded CSI-RS patterns based on Approach 1.

Observation 1: It is desirable to follow the same CSI-RS design principle as legacy patterns such that TDM of REs in a CSI-RS resource is kept within at most 2 OFDM symbols.
2.2. Approach 2: New CSI-RS resource is configurable with existing CSI-RS resources
It should be noted that Approach 1 is only focused on optimizing specific cases of 12- and 16-port CSI-RS patterns. If we consider future extension to 32-port or more, however, it may be beneficial to have some flexibility in configuring M(>8)-port CSI-RS resource in more generalized form. In this regard, Approach 2 considers a new CSI-RS resource which can be configured with multiple of legacy CSI-RS resources. Therefore, the specification can support the following.

Proposal 1: For UE supporting EBF/FD-MIMO, a new type of CSI-RS resource can be configured which consists of multiple legacy 4-port CSI-RS resources.
If Proposal 1 has no restrictions on the aggregation of legacy CSI-RS resources, there is a merit of network flexibility in configuring total 12- or 16-port NZP CSI-RS in a CSI process, since multiple legacy NZP CSI-RS resources can be freely configured in the CSI process in terms of time/frequency resource allocation. On the other hand, this requires more complexity in UE operation in that UE has to implement all possible combinations of such legacy NZP CSI-RS resource aggregation, also with increasing channel estimation complexity.

Alternatively, Approach 1 in the previous section in turn has a merit of lower UE complexity, in exchange of reduced network flexibility in configuring 12- or 16-port NZP CSI-RS in a CSI process. Since UE complexity is more important aspect in our view, it is desirable to have some restrictions in network configuration when we take more flexible option of Proposal 1, with considering future extension as well.
Summarizing, it seems also desired to combine Approach 1 and Approach 2 at least for supporting specific 12 and 16 port CSI-RS patterns in Rel-13. That is, while such new CSI-RS configuration follows Approach 2 so that future extension is properly supported, the specific 12 and 16 port CSI-RS configurations should satisfy the condition described in Observation 1.

Proposal 2: For supporting 12- and 16-port CSI-RS in a CSI process, configuration flexibility should be strictly limited to a couple of possible CSI-RS patterns, each comprising multiple legacy CSI-RS resources.

3. Conclusion
In this contribution, we discussed 12 and 16 port non-precoded CSI-RS design for supporting EBF/FD-MIMO. The observation and proposals based on the discussion are given as follow:
Observation 1: It is desirable to follow the same CSI-RS design principle as legacy patterns such that TDM of REs in a CSI-RS resource is kept within at most 2 OFDM symbols.
Proposal 1: For UE supporting EBF/FD-MIMO, a new type of CSI-RS resource can be configured which consists of multiple legacy 4-port CSI-RS resources.
Proposal 2: For supporting 12- and 16-port CSI-RS in a CSI process, configuration flexibility should be strictly limited to a couple of possible CSI-RS patterns, each comprising multiple legacy CSI-RS resources.
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