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1 Introduction
In 3GPP RAN1#82, the follow agreement were made for 12 and 16 ports non-preecoded CSI-RS:

Agreements:
· Design principle 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 further discuss the non-precoded 12- and 16-port NZP CSI-RS design for CSI reporting class A.
2 CSI-RS Density

The higher the CSI-RS density is, the more REs will be occupied by CSI-RS, i.e. total number of REs available for PDSCH will be reduced, which means the maximum throughput will decrease. Table 1 below shows an example of the relationship between CSI-RS density and maximum throughput loss. (Assuming 3 symbols for PDCCH, 2 CRS ports, and 4 DMRS ports, 5 ms CSI-RS periodicity, and 1 or 3 cell reuse of CSI-RS, 16 CSI-RS ports)
Table 1:  Maximum possible throughput comparison among different CSI-RS density
	CSI-RS density in frequency domain

(RE/RB/Port)
	0.5
	1
	2

	Max. Possible Throughput (reuse factor 1)
	100%
	98.5%
	95.5%

	Max. Possible Throughput (reuse factor 3)
	100%
	95.3%
	86%


The density 0.5 RE/RB/port for 16-ports CSI-RS corresponds to up to 8 CSI-RS RE per RB. The total CSI-RS overhead is similar to Rel-10 8TX. As seen from Table 1, the maximum throughput loss for 1 RE/RB/port is between 1.5-4.7% dependent on the reuse factor, but the maximum throughput loss for 2 RE/RB/port can be up to 14% for 3 cell reuse. On the other hand, lower CSI-RS density can degrade channel estimation performance, especially for cell edge UEs. Figure 1 shows system level evaluations of different CSI-RS density for 16 CSI-RS ports. Non-full buffer traffic model and CSI-RS reuse factor 1 are applied in the simulation. It can be seen that for 50%-tile UE the performance results are aligned with those in Table 1 since channel estimation accuracy is not the bottleneck for system performance. However, the throughput loss by a lower CSI-RS density of 0.5 RE/RB/port is not marginal for 5%-tile UE, e.g. >5% due to inaccurate CSI feedback.
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Figure 1. System evaluation results of different CSI-RS density for 16-ports
Based on the above analysis and evaluation, we propose:

Proposal 1: The lower CSI-RS density of 0.5 RE/RB/Port is not supported for 12- and 16-ports CSI-RS.

3 CSI-RS Pattern
It was agreed that only the existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources. For configuration of 12- and 16-ports CSI-RS resources, the following two approaches were proposed [1].
· Approach 1: New CSI-RS pattern for 12- and 16-ports to be defined in the spec 

· Approach 2: The 12- and 16- ports CSI-RS is an aggregation of K legacy CSI-RS resources with 2/4/8 ports (K>1)

Approach 1 may require lots of specification efforts. Because there are lots of possibilities to select 12 or 16 REs from total 40 REs, and even if a nested structure as for legacy 4 or 8 ports is reused there are still 10 options for 16 CSI-RS port mapping. A down selection may be needed. Secondly, a new port mapping needs to define for 12 and 16 ports. It is not clear whether the CSI-RS port mapping shall be dependent on the CSI-RS port layout, e.g., wide or tall structure. 
Approach 2 is simple since it allows to combine multiple existing 4 ports or 8 ports CSI-RS resources to form a 12 or 16 ports CSI-RS pattern. For example, for (2, 4, 2) 16 ports CSI-RS port mapping, 2 CSI-RS resources each with 8 ports can be selected so that each row of 8 CSI-RS ports is mapped to a 8-ports CSI-RS resource. It is also possible to map each column of 4 CSI-RS ports to a 4-ports CSI-RS resource and use total four CSI-RS resources. The benefit of this approach is to reuse the existing CSI-RS pattern as much as possible for 12 and 16 ports CSI-RS. eNB could select appropriate CSI-RS resources by considering port layout structure. There is no need to explicitly signal the number of CSI-RS ports in vertical and horizontal dimension. UE can infer the port number per dimension from the number of configured CSI-RS resources and the number of antenna ports associated with the CSI-RS resource. 
It is noted that the above two alternatives for CSI-RS pattern design for 12 and 16 ports may result in different CSI-RS port mapping to REs even if the REs are same. Different port mapping may affect CSI-RS channel estimation performance due to phase drifting between CSI-RS ports. However, the impact of phase shifting would be marginal since the maximum separation between any two CSI-RS ports is no more than 1 RB and 0.5 ms on frequency and time domain respectively. 
For 16 CSI-RS port multiplexing in one RB pair, CSI-RS may not be transmitted with full power utilization if CDM OCC2 is reused. It was proposed to apply CDM OCC4 multiplexing for 16 ports CSI-RS where one CSI-RS port is spread to four continuous REs to achieve full power utilization. An example is shown in Figure 1. It can be seen that if CDM OCC4 is applied, the REs for 16-ports CSI-RS may not be aggregated by multiple 4-ports or 8-ports CSI-RS resources.
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Figure 1. Example of CDM OCC4 multiplexing for 16-ports CSI-RS 
Performance evaluation results of different CSI-RS pattern and OCC multiplexing for 16 ports CSI-RS are summarized in Table 2 below. Details on CSI-RS port structure and used CSI-RS pattern can be found in Appendix. It can be seen that performance difference between different port mapping approaches is rather small. The impact of phase drifting on CSI-RS channel estimation and CSI accuracy can be ignored. Considering specification effort, Approach 2 by aggregating multiple 4-ports and 8-ports CSI-RS resources for 12 and 16 ports CSI-RS can be considered. It can also be seen that the performance loss due to 3dB power gap is less than 5%. Therefore, in our opinion, there is no need to apply CDM OCC4 for 16 ports CSI-RS.
Table 2: Evaluations of CSI-RS pattern and port mapping (16-ports CSI-RS, Full-buffer, 3D-UMi)

	
	5% - UE throughput (bps/Hz)
	Gain
	50% - UE throughput (bps/Hz)
	Gain
	Average UE throughput (bps/Hz)
	Gain

	Pattern A, OCC2
	0.104
	-
	0.346
	-
	0.405
	-

	Pattern B, OCC2
	0.105
	0.96%
	0.346
	0.06%
	0.404
	-0.31%

	Pattern C, OCC2
	0.106
	1.85%
	0.346
	0.17%
	0.404
	-0.15%

	Pattern A, OCC4
	0.108
	4.36%
	0.345
	-0.30%
	0.405
	0.06%


Proposal 2: CSI-RS pattern and port mapping for 12 and 16 ports can be based on Approach 2, e.g. a CSI-RS resource for 12 and 16 ports is aggregated by multiple 4-ports and 8-ports CSI-RS resources. 
Proposal 3: CDM OCC2 multiplexing can be reused for 12 and 16 ports CSI-RS.

4 CSI-RS in DwPTS
Currently CSI-RS can only be configured in the normal DL subframe. For CSI-RS in DwPTS, due to different DMRS pattern in normal and special subframes, the available REs for CSI-RS are quite limited. As shown in Figure 2, the DMRS and GP will interfere with CSI-RS transmission in symbol 9, 10, 12 and 13 and limit potential CSI-RS transmissions to 8 REs for DwPTS with 9 and 10 symbols. And the number of available CSI-RS REs is 16 for DwPTS with 11 and 12 symbols. Such limited CSI-RS REs make less useful to support CSI-RS in DwPTS.
Secondly, if CSI-RS transmission in special DL subframes is supported in Rel-13, the influence to legacy Rel-12 UE should be carefully considered. To avoid collision with CSI-RS, PDSCH puncturing will be used for the legacy UE scheduled in the special subframe. This may further degrade PDSCH performance since PDSCH coding rate in DwPTS is generally higher than normal DL subframe due to less available resources for PDSCH mapping. Another issue is how to enable CSI-RS reuse and mitigate CSI-RS interference when CSI-RS is configured in DwPTS. Currently the zero power CSI-RS resource configuration in LTE do not provide for CSI-RS reuse. There is reuse mismatch with neighboring cells once CSI-RS is allowed in the special subframe. It zeros power CSI-RS resource is also allowed in DwPTS this may further reduce the REs for NZP-CSI-RS port mapping, e.g. only 8 CSI-RS ports available for DwPTS with 11 and 12 symbols. Therefore we think further study is needed for the user case and benefits for CSI-RS configured in DwPTS.
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Figure 2. CSI-RS in DwPTS (left: DwPTS with 9 or 10 symbols; right: DwPTS with 11 or 12 symbols)

Proposal 4: FFS on configuring CSI-RS in DwPTS special subframe.
5 Conclusions
In summary, we discuss the non-precoded CSI-RS design aspects for 12 and 16 ports CSI-RS. Based on the analysis and performance evaluation, we have the following proposals: 
Proposal 1: The lower CSI-RS density of 0.5 RE/RB/Port is not supported for 12- and 16-ports CSI-RS.

Proposal 2: CSI-RS pattern and port mapping for 12 and 16 ports can be based on Approach 2, e.g. a CSI-RS resource for 12 and 16 ports is aggregated by multiple 4-ports and 8-ports CSI-RS resources. 

Proposal 3: CDM OCC2 multiplexing can be reused for 12- and 16- ports CSI-RS.

Proposal 4: FFS on configuring CSI-RS in DwPTS special subframe.
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Appendix
The CSI-RS port structure is (2, 4, 2) as shown below. CSI-RS pattern A has a nested structure thus the resource elements for port 0-7 corresponding to a Rel-10 8TX CSI-RS pattern. CSI-RS pattern B is formed by a combination of two CSI-RS resources of 8 ports. Each row of 8 CSI-RS ports is mapped to one of the CSI-RS resources. The port indexing is based on each row of 8 CSI-RS ports. CSI-RS pattern C is constructed with a similar approach as pattern B except for each column of four CSI-RS ports mapped to a CSI-RS resource. The port indexing is based on each column of 4 CSI-RS ports. If CDM OCC4 multiplexing is used then SF4 spread is applied to four adjacent ports on time and frequency domain, such as port 0, 1, 4 and 5 for pattern A.
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(2, 4, 2) 16-ports CSI-RS                                                                     CSI-RS Pattern A
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CSI-RS Pattern C
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