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1. Introduction

In 3GPP TSG RAN #80bis meeting, the agenda item of “CSI-RS and feedback enhancements” for Release 13 [1] is discussed. By the discussion, the contents for non-precoded CSI-RS enhancement, beamformed CSI-RS enhancements, and hybrid of non-precoded and beamformed CSI-RS enhancement are captured in the TR with a sufficient level of details [2]:

In this contribution, based on the agreed TR in previous meeting, the non-precoded CSI-RS enhancement and the related CSI feedback issues are discussed in more details.
2. Non-precoded CSI-RS and corresponding CSI feedback  enhancement 
In non-precoded CSI-RS, different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. The CSI reporting scheme is associated with at least two components: codebook(s) for the purpose of PMI reporting of 2-D antenna arrays and its associated CSI reporting modes. Each precoding matrix or vector within a codebook for CSI reporting can be described as W = W1W2 where W is used as a downlink transmission hypothesis for CSI calculation at a UE. For this dual-stage precoding structure, a potential specification enhancement on CSI reporting consists of the following CSI parameters:

•
PMI(s) corresponding to W1 and/or W2. Here one or multiple PMIs, such as H-PMI (horizontal dimension) and V-PMI (vertical dimension), are reported for W1 and W2, respectively. If multiple PMIs are reported, different reporting rates and/or granularities for different PMIs may or may not be used.  

•
RI: a single RI or multiple RIs

•
CQI.
For non-precoded CSI-RS, it can be transmitted by one CSI-RS resource or two CSI-RS resources. In the follows, we discuss these two alternatives in details.
2.1
Non-precoded CSI-RS with one CSI-RS resource
For non-precoded CSI-RS transmitted by one CSI-RS resource, more than 8 antenna ports in one CSI-RS resource should be supported. The two dimension TXRUs are included in one CSI-RS resource with proper TXRU to antenna port mapping. Since it could provide full CSI for a two dimensional antenna array, the best performance could be achieved. 
However, for legacy UEs, their  MIMO operation also require CSI-RS for channel estimation. If there are two set of CSI-RS for legacy UE and FD MIMO capability UE independently, the CSI-RS overhead will be too large in system efficiency point of view. So it is better that legacy UE can share part of this non precoded CSI-RS resource of 2D antenna array for legacy MIMO operation. This can be achieved by proper TXRU to CSI-RS antenna port mapping. One example of TXRU to CSI-RS antenna port mapping for 16 TXRUs 2D antenna array is shown in figure 1. It is easy to see that antenna port 15~22 have the same structure as the previous release, so that the legacy UEs can use these antenna port REs for channel estimation. While, FD MIMO capability UEs can know all the antenna port 15~30 for channel estimation. 
In addition, for the PDSCH RE mapping of legacy UE, the non-precoded CSI-RS with more than 8 antenna ports should be able to mute by legacy ZP CSI-RS. To achieve this, the REs for non-precoded CSI-RS with more than 8 antenna ports should be only from the existing CSI-RS resource pool.  In more details, for CSI-RS ports pattern design, we can just follow the principle of constructing the more than 8 CSI-RS port pattern by combination of the multiple current 4/8  CSI-RS ports patterns
Proposal 1
- For non-precoded CSI-RS with one CSI-RS resource, more than 8 antenna ports in one CSI-RS resource should be supported. Legacy UE can share part of it for CSI measurement and be able to mute it by ZP CSI-RS.
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Figure 1 . One example of TXRU to CSI-RS antenna port mapping for 16 TXRUs
non-precoded CSI-RS transmitted by one CSI-RS resource, the CSI-RS overhead is one of the big concern point especial for 64 TXRUs. To reduce the overhead, it is better not all the TXRUs are mapped to CSI-RS antenna port. we only select some of the TXRUs mapped to the CSI-RS antenna port. By TXRU sampling, the CSI-RS overhead can be reduced. For better performance, optimized TXRU sampling and TXRU to CSI-RS antenna port mapping should be investigated. Consider the feasibility, the maximum number of CSI-RS antenna port of one CSI-RS resource cannot be larger than 16. 
Based on the above, we have our first proposals follows: 
Proposal 2
- For non-precoded CSI-RS with one CSI-RS resource, to reduce the overhead, optimized TXRU sampling and TXRU to CSI_RS antenna port mapping should be investigated.
2.2 Non-precoded CSI-RS with two CSI-RS resources
For non-precoded CSI-RS transmitted by two CSI-RS resources, two separate CSI-RS resources are configured to separately measure the channel of horizontal/vertical dimension. That is, one CSI-RS resource is used to obtain the azimuth dimension CSI and the other CSI-RS resource is used to obtain the vertical dimension CSI. This method is relatively easy to realize and the standardization effort is small, where the CSI-RS can just follow the current LTE system. However, enhancement is necessary for codebook and CSI report. 
For CSI reporting, it is better to configure one CSI processes with two CSI-RS resources. In the case, all the CSI information such as RI, PMI and CQI are calculated by the combination of these two CSI-RS resources. 

For CSI reporting, the other candidate is that two separate CSI processes corresponding to different CSI-RS resource can be configured to feedback the CSI of different dimensions. Although the CSI feedback for different domains is independent operated, the final precoding for DL transmission is jointly operated on two dimensions. 
The precoding matrix W is extended from Rel.10/12 to support 2-D array where W1 can be described as follows: 
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Here ( denotes the Kronecker product and the two sub-matrices represent two polarization groups. The columns of 
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 are taken from a DFT matrix. 
The precoding matrix or vector W2 corresponds to a quantized co-phasing between two polarization groups in W1 and may also include column selection from W1.
So if the rank of vertical domain and horizontal domain are 
[image: image7.wmf]V

R

 and 
[image: image8.wmf]H

R

, the rank of final precoding matrix is 
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. For DL data transmission in LTE, the maximum rank is 8. So 
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 cannot independent selected and feedback. All the possible case for rank of different dimension are shown in table 1 with the assumption that the maximum rank in vertical domain is 2. For the same reason, the CQI is also for the MCL level of the final DL transmission. It is not proper way that CQI is reported for each CSI-RS. it should be shared by the two CSI process for feedback. So we think it is better that RI and CQI of different CSI-RS can be joint encoded and reported.
Table 1 All the possible case for rank of different dimension
	Final Rank
	Rank of the PMI for horizontal CSI-RS
	Rank of the PMI for vertical CSI-RS

	1
	1
	1

	2
	1
	2

	2
	2
	1

	3
	3
	1

	4
	2
	2

	4
	4
	1

	5
	5
	1

	6
	3
	2

	6
	6
	1

	7
	7
	1

	8
	4
	2

	8
	8
	1


From above description, our third proposal is given as follows:
Proposal 3
- For non-precoded CSI-RS with two CSI-RS resources, it is better to configure one CSI process with two CSI-RS resources. If two different CSI processes are configured independently with different CSI-RS resource, the RI and CQI of these two CSI process can be jointly encoded and reported.
4. Conclusions
In this contribution, we discuss the non-precoded CSI-RS enhancement and the related CSI feedback issues in more details. Based on the discussion, we have 3 proposals as follows:
Proposal 1
- For non-precoded CSI-RS with one CSI-RS resource, more than 8 antenna ports in one CSI-RS resource should be supported. Legacy UE can share part of it for CSI measurement and be able to mute it by ZP CSI-RS.

Proposal 2
- For non-precoded CSI-RS with one CSI-RS resource, to reduce the overhead, optimized TXRU sampling and TXRU to CSI_RS antenna port mapping should be investigated.
Proposal 3
- For non-precoded CSI-RS with two CSI-RS resources, it is better to configure one CSI process with two CSI-RS resources. If two different CSI processes are configured independently with different CSI-RS resource, the RI and CQI of these two CSI process can be joint encoded and reported.
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