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1 Introduction

According to the conclusion of the email discussion, there are two alternatives for CSI feedback enhancement for non-coherent JT in RAN#90 as follows:

· Alt. 1 (multiple CSI process):

· Support inter-layer interference measurement for CSI calculation using NZP CSI-RS resource for interference measurement 
· In case of multiple CSI processes, dependency between multiple CSI processes is introduced for interference measurement
· Details of dependency between multiple CSI processes is FFS
· Alt. 2 (single CSI process):

· Up to two NZP CSI-RS resources can be configured per CSI process
· An aggregation of the two NZP CSI-RS resources is used to derive the channel measurement

· The following block diagonal precoder codebook is introduced for deriving the CSI,
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·  where Wa is a precoder selected from the existing a-Tx codebook and
· Wb is a precoder selected from the existing b-Tx codebook,

· a and b are respectively the number of antenna ports for the two CSI-RS resources.

· The number of columns for each of Wa and Wb is determined according to the hypothetical number of layers assumed for the CSI derivation

· TBD supported numbers of a and b in R15, the super set of which is {2, 4}.

· Aperiodic CSI reporting is supported
· Periodic subband CSI reporting is not supported

· FFS: Periodic wideband CSI reporting

· Consider solution that has less specification impact

· Note: Merging between two alternatives is not precluded

In this contribution, we present our views on CSI measurement and reporting for non-coherent JT.
2 CSI measurement enhancements 
For non-coherent JT, the inter-layer interference from different TPs should be considered for CSI measurement. In the current specification, ZP CSI-RS resource is used as CSI-IM resource for interference measurement, which may need at least two CSI processes: one CSI process for measuring the coordinated TP’s precoding information and the other process for measuring the CSI with inter-layer interference from multiple TPs. Such approach may need more CSI processes and lead to time delay for CSI acquisition. 

In study item of FeCoMP, NZP CSI-RS is considered for interference measurement. In this way, a CSI process contains a NZP CSI-RS resource used to measure channel matrix and the other NZP CSI-RS resource used to measure interference. Compared to interference measurement only by ZP CSI-RS in the current LTE specification, the number of CSI processes, the overhead and time delay for CSI acquisition could be reduced using NZP CSI-RS approach. 
Proposal 1: NZP CSI-RS resources used as interference measurement resources should be supported. 

In order to improve the performance of data transmission from each TP, subband CSI measurement and reporting can be considered to obtain the CSI for non-coherent JT, including PMI, CQI, ect. Due to the different channel conditions for each subband, different PMIs can be used for data transmission in different subbands. Furthermore, for one CW, the interference from another CW transmitted by coordinated TP in different subbands may be different. In the current specification, interference information is obtained by UE measurement in the whole bandwidth and then the interference is calculated as an average value [1]. In this scheme, the interference information is not accurate for inter-layer interference measurement. To obtain more appropriate CQI in each subband, specification needs to be enhanced to support interference measurement restriction in the frequency domain. The simple way is that the bandwidth of interference measurement based on NZP CSI-RS resource is the same as the bandwidth of channel measurement. 
Proposal 2: The bandwidth of interference measurement based on NZP CSI-RS resource should be the same as the bandwidth of channel measurement in one CSI reporting.
For non-coherent JT, one DCI could only schedule at most two CWs, and each CW is transmitted by one TP. For the current LTE specification, the number of enabled CQIs/CWs varies from the value of the rank for CSI measurement and feedback. Two CWs/CQIs could be enabled if the value of rank is larger than two, otherwise, only one CW/CQI could be enabled. According to the current specification, one UE need to report two CQIs for one TP if the value of the rank is larger than two. However, one TP could only transmit one CW at a time for non-coherent JT as mentioned before. Therefore, in terms of one CSI report of one TP in non-coherent JT, only one CQI should be reported at a time no matter how much the value of rank is. Furthermore, the overhead of feedback could be reduced by the above way.
Proposal 3: For one CSI report of one TP in non-coherent JT, only one CQI should be reported at a time regardless of the value of rank.
3 CSI process configuration
According to the conclusion of the email discussion, the following alternatives were considered for CSI enhancements to support NC-JT CSI feedback:

· Alt 1: using multiple CSI processes with dependency among CSI processes.
· Alt 2: using single CSI process with enhanced codebook and an aggregated CSI resource from multiple CSI-RS resources. 
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Figure 1: multiple CSI process configurations for non-coherent JT

For Alt 1, the NZP CSI-RS resource in one of multiple CSI processes can be configured as the CSI-IM resource for another CSI process. As is shown in Figure 1, CSI process 1 and CSI process 2 are configured for TP1 and TP2, respectively. The CSI-IM resources configured in CSI process 1 have two parts: one part is the ZP CSI-RS resource for interference from TPs except for TP1 and TP2; and the other part is the NZP CSI-RS resource transmitted from coordinated TP which indicated by the CSI process ID in the CSI-IM configuration. 

Actually, PMI is determined independently according to the NZP CSI-RS resources used for channel measurement in its own CSI process without any dependency. While for CQI calculation, it is calculated according to the channel PMI with dependency by taking other TP’s PMI as interference. That’s a procedure without iterative process. For example, NZP CSI-RS resource 1 and NZP CSI-RS resource 2 are configured for TP1 and TP2 respectively. Firstly, the UE measures PMI1 and PMI2 by NZP CSI-RS resource 1 and NZP CSI-RS resource 2 respectively and gets the value of 
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from TP2 using PMI2 and some interference from other TPs. In addition, UE could receive multiple NZP CSI-RS resources and calculate the channel and interference of multiple CSI processes in a parallel way, then UE can obtain one CSI corresponding to one CSI process and report multiple CSI results of multiple CSI processes. 
Furthermore, for using multiple CSI processes with dependency among CSI processes, it is only needed to change the CSI process configuration obtained by RRC signaling and extend the definition of CSI-IM resource. To be more specifically, the CSI process ID should be added into the CSI-IM resource configuration so that NZP CSI-RS resource in one CSI process can be used as CSI-IM resource for another CSI process. The specification impact is small.

For Alt 2, a possible example of the enhanced codebook structure considering two-TP JT is 
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, where 
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 are the precoding matrices applied to the two TPs respectively. Firstly, the design and introduction of a new codebook need a lot of specification efforts. Although the enhanced codebook could be designed and developed by the existing codebook, the design and quantization would be very complex due to the numerous combination cases for the large quantity of existing codebook. Besides, four and eight antenna ports could provide performance gain with non-coherent JT, multiple antenna ports should be supported for the diagonal precoder codebook, which could increase the complexity of the codebook design and quantization. Furthermore, the method and number of RI reported deserve further study for Alt 2. According to the current LTE specification, one RI needs to be reported per CSI process. The CSI format needs to be changed if one RI needs to be reported per TP in one CSI process for non-coherent JT, due to the need of adaptation for two RIs reporting. Otherwise, the allocation of rank for each TP to determine 
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 needs to be considered if one RI needs to be reported in one CSI process. Fixed allocation of rank for multiple TPs performs less than satisfaction and loses flexibility.
Through the above analysis, the pros. and cons. of schemes are summarized as the table 1. In order to make non-coherent JT a successfully feature and achieve minor specification changes during the very limited time of this WI, multiple CSI processes with dependency among CSI processes should be supported.
Table 1.  Summary of Alt 1 and Alt 2 
	
	Alt 1
	Alt 2

	Description 
	Using multiple CSI processes with dependency among CSI processes.
	Using single CSI process with enhanced codebook and an aggregated CSI resource from multiple CSI-RS resources.

	Method
	CSI process ID configured in CSI-IM configuration, which indicates the NZP CSI-RS resource of the CSI process ID used for interference measurement.
	Define a new block-diagonal codebook which applied within an aggregated CSI-RS resource.

	Pros.
	The impact on specification is small. The only specification impact is that CSI process ID can be added into the CSI-IM resource configuration.
	/

	Cons.
	/
	1. New codebook needs to be designed.
2. The design and quantification of the existing codebook is complex.

3. The CSI format needs to be changed if multiple RIs need to be reported in one CSI process; otherwise, fixed allocation of rank for each TP performs less than satisfaction.

	Impact on specification
	Small
	Large


Proposal 4: Multiple CSI processes configurations with dependency should be supported. The CSI process ID should be added into the CSI-IM resource configuration so that
NZP CSI-RS resource in one CSI process can be used as CSI-IM resource for another CSI process.
4 Conclusions
In this contribution, we present our views on the CSI enhancements for non-coherent JT. According to our discussion, we have the following proposals:

Proposal 1: NZP CSI-RS resources used as interference measurement resources should be supported. 

Proposal 2: The bandwidth of interference measurement based on NZP CSI-RS resource should be the same as the bandwidth of channel measurement in one CSI reporting.
Proposal 3: For one CSI report of one TP in non-coherent JT, only one CQI should be reported at a time regardless of the value of rank.
Proposal 4: Multiple CSI processes configurations with dependency should be supported. The CSI process ID should be added into the CSI-IM resource configuration so that
NZP CSI-RS resource in one CSI process can be used as CSI-IM resource for another CSI process.
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