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1. Introduction

In RAN1#82, following agreements have been achieved in [1] for some basic design principles for 12- and 16-port NZP CSI-RS resources in Rel-13: 

· CSI-RS density of 1RE/RB/port is maintained

· FFS on lower density

· Only existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources

· 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe

· FFS on configuration details

· FFS on CDM length

· FFS on improvement of 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs

· FFS on CSI-RS transmission in DwPTS

In this contribution, we will provide our understanding and proposals on CSI-RS design supporting 12/16 antenna ports.

2. CSI-RS Pattern Design in Normal Frames
In this section, we will discuss new CSI-RS patterns designed for 12 and 16 CSI-RS ports. The determination of CSI-RS position and pattern relies on reusing resource elements of 2, 4, and 8 antenna ports. We may combine several configurations of 8 CSI-RS ports to support 12 and 16 ports without introducing new definition of resource elements for CSI-RS transmission.
In subframes configured for CSI reference signal, reference signal sequence shall be mapped to resource element (k, l, ns) and (k, l+1, ns) for antenna port p.
Existing CSI-RS RE position for 8 ports:
The resource elements used for 8 antenna ports for different configurations are summarized as following:

[image: image1.emf]PDCCH PDSCH CRS Port 0,1 CRS Port 2,3

13 12 11 10 9 8 7 6 5 4 3 2 1 0

1

3

5

7

0

2

4

6

1

5

1

3

1

3

3

7

5

7

5

7

0

4

0

2

0

2

2

6

4

6

4

6

1

5

3

7

0

4

2

6

DMRS Port 5

Configuration 4

Configuration 3

Configuration 2

Configuration 1

Configuration 0


Figure 1. CSI-RS mapping to resource elements in a PRB for 8 ports, with normal cyclic prefix
2.1 New CSI-RS Patterns for 16 ports:
To use nested structure as for legacy 2, 4 or 8 ports, 16 CSI-RS ports should be the aggregation of two 8-port CSI-RS resources. However, if the non-overlapped method is adopted, the reuse factor for 16 port CSI-RS pattern is only 2, and one 8-port CSI-RS resource is always unused. So we propose partial overlapping between two configurations. One example of combine 8 port CSI-RS configurations to form 16 port CSI-RS configurations can be described as below:
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And this combination is illustrated in Figure 2. Note that other combination methods with overlapped CSI-RS REs may be also feasible.
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Figure 2. Example of CSI-RS mapping to resource elements in a PRB for 16 ports, with normal cyclic prefix

For the adjacent 3 cells/sectors all need 16 port CSI-RS resource for LTE release 13 UEs, 3 configurations can be selected from aforementioned 5 configurations and the resource overlapping can be limited in 8 REs. For example, if {
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. This example has been illustrated in Figure 3.
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Figure 3. Example of CSI-RS configuration selection for adjacent cells/sectors
Proposal 1: Allow partial resource overlapping among 12/16 CSI-RS ports configurations to increase the reuse patterns.
2.2 New CSI-RS Patterns for 12 ports:
For normal cyclic prefix frames, we can design 12 port CSI-RS in one RB pair without overlapping with 3 configurations. We can combine an 8 port CSI-RS pattern with a non-overlapped 4 port CSI-RS. With this principle, we can have lots of combination; one example can be expressed in the following:
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As shown in above combination, actually, we break 2 of 5 configurations of 8 port CSI-RS, and combined with another 3 configurations of 8 port CSI-RS.
For extended cyclic prefix frames, the existing CSI-RS resources are still not enough for such non-collision design. We can reuse the 16 port CSI-RS configuration design method which allows partial resource overlapping.

2.3 OCC Length Extension

In current CSI-RS pattern design, the OCC length is 2 and it means that each 2 ports share same CSI-RS position. Current standard can support the maximum power boosting of 6 dB, which is enough for up to 8 ports CSI-RS signal transmission. However for 12/16 port CSI-RS design, 6 dB power boosting with OCC=2 may not be enough. In order to guarantee the fully power using in new CSI-RS design for 12 and 16 ports:

Proposal 2: Increase the length of OCC to 4 for 12/16 CSI-RS port design
If increasing the OCC length to 4, resource elements involved in each OCC sequence can be location based or antenna port indexing based. As an example, considering Config16(0) which combine Config8(0) and Config8(1) for 16 CSI-RS ports, the antenna port 0~7 of Config16(0) corresponds to antenna port 0~7 of Config8(0) and the antenna port 8~15 of Config16(0) corresponds to antenna port 0~7 of Config8(1). Therefore the possible OCC sequences in Config16(0) are :
· antenna port {0,1,4,5} can use OCC4 sequence 0; antenna port {2,3,6,7} can use OCC4 sequence 1; {8,9,12,13} can use OCC4 sequence 2; antenna port {10,11,14,15} can use OCC4 sequence 3.
· antenna port {0,1,2,3} can use OCC4 sequence 0; antenna port {4,5,6,7} can use OCC4 sequence 1; {8,9,10,11} can use OCC4 sequence 2; antenna port {12,13,14,15} can use OCC4 sequence 3. Note that, with different antenna port mapping, the resource elements involved in each OCC sequence can be different.
3. Conclusions
In this paper, we have discussed new CSI-RS pattern design by reusing existing 40 resource element position whilst keeping the CSI-RS resource density to be 1 RE/RB/Port. We have following proposals:
Proposal 1: Allow partial resource overlapping among 12/16 CSI-RS ports configurations to increase the reuse patterns.
Proposal 2: Increase the length of OCC to 4 for 12/16 CSI-RS port design
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