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1 Introduction
In the RAN#75 meeting, the WI on further enhancements to coordinated multiple-point (CoMP) operation for LTE was approved [1] . Based on the previous summary in the SI, the following objectives are considered: 
· Specify enhancements to support non-coherent joint transmission (JT) schemes 

· Support of a new QCL assumption for DM-RS antenna ports

· Support of control signalling enhancements to assist QCL,PDSCH REs mapping and resource allocation

· Support possible CSI feedback enhancement

Meanwhile, the discussion w.r.t the applicability of NCJT has also been conducted in RAN1#88bis with the following agreements:

· NC-JT is supported at least for TM10 

· FFS on applicability of subset of enhancements on TM9 
In this contribution, the details on enhancements related to CSI feedback are elaborated for the application of NCJT in both TM10 and TM9 case.  Moreover, some simulation results based on the listed approaches are provided under the framework of TM10 in this contribution. 
2 Discussion on potential enhancements on CSI feedback
As shown in Figure 1, the typical non-coherent joint transmission between two TPs is conducted. In this case, TP1 transmits codeword 1 to the UE with precoding matrix W1, whereas TP2 transmits codeword 2 to the UE with precoding matrix W2 simultaneously. It means that different MIMO layers will be mapped to different TRPs with the pre-coding matrix based on reported CSI from TRP-specific CSI-RS.
However, according to current protocol, UE calculates PMI and CQI for with the assumption of two codewords transmission when RI>1.  In NCJT, it is beneficial to enable the concurrent transmission of multiple layers from each of the coordinated TPs, which is essential to performance enhancement as shown in TR 36.741[2].  As one prominent feature of non-coherent JT, the existence inter-layer interference should be taken into account since it is different from interference outside the JT transmission set, which is caused by sources agnostic to UE. Taking inter-layer interference into the UE interference assumption may help produce more accurate CSI. 
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Figure 1 Illustration of the NCJT
As summarized in TR36.741 [2], the following schemes are proposed to enhance the performance of current CSI calculation and feedback:
-
Scheme 1: using single CSI process with K>1 CSI-RS resources.  Channel measurement and inter-TP interference measurement can be flexibly configured based on the selection of these K CSI-RS resource for different hypothesis.
-
Scheme 2: Using single CSI process with enhanced codebook and an aggregated CSI resource from multiple CSI-RS resources. CSI-RS resources from multiple TPs are aggregated to form one CSI-RS resource.  An enhanced codebook with the codeword structure considering non-coherent joint transmission can be applied to the aggregated channel measured from the aggregated CSI-RS. An example of the codeword structure considering two-TP joint transmission is  
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 are the precoding matrices applied to the two TPs respectively.
-
Scheme 3: Using multiple CSI processes with dependency among CSI processes.  For the multiple CSI processes mechanism, dependency among these CSI-processes can be considered.  In this way, different interference assumption for each TP is indicated. More specially, the calculated CSI of one CSI process, e.g., PMI, from the first TP can be treated as configuration of interferer during the CSI calculation for another CSI process i.e. for another TP.  This indication can also be used to improve the CSI accuracy assuming advanced receiver, e.g., SIC. 
Generally, the feedback overhead will be reduced for the single CSI process with aggregated CSI resource, but high standardization effort is required to specify the format of aggregated CSI, e.g., the codebook required in scheme 2.
Consequently, for TM9, the scheme 1 with K>1 Class B CSI-RS resources in single CSI process can be considered. Each of the CSI-RS resources will be allocated to one TRP in either dynamic or pre-defined manner. The CSI calculation for each TRP can be conducted with different interference hypotheses. Considering the support of multiple CSI processes for TM10 in current spec, the third scheme with introduction of the dependency among these processes for the CSI calculation is preferred. Moreover, this scheme can also be used for TM9 if multiple CSI processes are introduced. 

According to this approach, each CSI process is associated to calculate the CSI for certain TP, and the measurement resource within one CSI process should be configured as: 
· One set CSI-RS for channel estimation
· One set of IMR resource for interference measurement 
· One set of CSI-RS for interference measurement.
More specifically, the CSI-RS, which is used for channel estimation in one CSI process, should be configured for the interference measurement. It should be noticed that the above CSI-RS can be also be the configured K (K>1) Class B NZP CSI-RS, and each of them is assigned to TP in the coordinate sets. 
The details of this approach can be found in the example shown in Figure 2. In this case, two CSI processes (CSI1 and CSI2) are used to calculate channel state information of the link1 (From TP1 to UE1) and link2 (From TP2 to UE1), respectively. A suffix 1 or 2 is introduced in this contribution to differentiate the CSI for these two process, such as CSI1 including CQI1/PMI1/RI1.
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Figure 2 RSs configuration for TPs
Based on the current RS resource within one CSI processing, the SINR for the link1 can be calculated as
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where 
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 refers to the channel matrix for link1 which is estimated from the CSI-RS resource in CSI1. 
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is the corresponding precoding matrix denoted by PMI1. 
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 depicts measured interference and noise through CSI-IM1. However, the accuracy of 
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 is limited since the instantaneous interference of link2 can’t be obtained. Under the assumption with prior information w.r.t the order of data processing between these two links (e.g., processing the link2 firstly), the calculation of 
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 can be improved after adopting another NZP CSI-RS to get the channel of link2 (
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Where the precoding matrix of TP2 (
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) is calculated in the second CSI process.
Moreover, the performance of the above solution is evaluated in indoor scenario as shown in Figure 3. The Rx with 4 antennas are adopted and more details about simulation assumption are listed Table 2. In this simulation, the same scheduling method for NJCT proposed in [3] is adopted as the baseline scheme and the same solution but with enhanced CQI (as proposed above) is considered for comparison. The obtained performance in terms of mean UPT (User throughput) and 5%/50%/95% UPT are shown in Table 1.
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Figure 3 Topology for indoor hotspot
Table 1 Performance evaluation results

	Metrics
	CSI feedback scheme

	
	Baseline
	With enhanced CQI

	Mean UPT
	15.81
	16.17

	5% UPT
	0.85
	0.88

	50% UPT
	6.19
	7.02

	95% UPT
	56.34
	56.34

	RU
	0.7769
	0.7949

	Mean UPT gain
	2.28%

	5% UPT gain
	3.53%

	50% UPT gain
	13.41%

	95% UPT gain
	0.00%


Observation 1:  Good performance gain is observed with introducing the proposed CSI enhancement.
Proposal 1:  For TM10, CSI enhancement that takes into account the inter-TP interference measurements based on NZP-CSI-RS resources and CWIC receiver in the framework of two CSI processes should be supported. 
Proposal 2: For TM9, single CSI process with K=2 class B CSI-RS resource should be supported w.r.t the application of NCJT.  Two CSI reports considering inter-TP interference measurement based on the two CSI-RS resources is supported.
3 Conclusion 
In this contribution, the potential enhancements to CSI feedback are discussed with the corresponding changes on the current specification. The following observation and proposal is introduced:
Observation 1:  Good performance gain is observed with introducing the proposed CSI enhancement.
Proposal 1:  For TM10, CSI enhancement that takes into account the inter-TP interference measurements based on NZP-CSI-RS resources and CWIC receiver in the framework of two CSI processes should be supported. 

Proposal 2:  For TM9, single CSI process with K=2 class B CSI-RS resource should be supported w.r.t the application of NCJT.  Two CSI reports considering inter-TP interference measurement based on the two CSI-RS resources is supported.
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Appendix 

Table 2 System simulation assumptions for non-coherent JT evaluation

	Parameter
	Values used for evaluation

	Carrier Frequency
	3.5 GHz

	Duplex Mode
	FDD

	System Band
	10 MHz

	Carrier Number
	1

	Network Synchronization
	Synchronized

	Antenna Configuration
	Transmitter: 2Tx cross-polarized antenna
Receiver: 4Rx  at UE(cross-polarized antenna with 0.5λ antenna spacing)

	Tx Power
	24 dBm

	eNB antenna height
	6m

	UE antenna height
	1.5m

	Number of small cells
	8

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 3m

	
	Macro – UE: 35m

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes
(low load ~5%, 20% RU,40% RU,70% RU)

	Handover margin
	3dB

	UE attachment
	Based on RSRP (formula) from CRS port 0

	Metrics
	Mean, 5%, 50%,95% UPT

	UE Speed
	3km/h

	CQI/PMI reporting interval and frequency granularity
	5ms for CQI/PMI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2

2Tx codebook, 16Tx FD-MIMO codebook
CQI, PMI and RI reporting triggered per 5ms

Feedback delay is 5 ms

	Transmission scheme
	TM10, Two CSI processes, DPS/DPB/non-coherent JT with rank adaptation

	Scheduler
	Proportional Fair

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Backhual
	Ideal backhaul

	Receiver
	MMSE-IRC and SIC

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel estimation
	Non-ideal modeling of channel estimation error modeling
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based on CSI-RS for channel measurements, based on DMRS for data demodulation, based on IMR for interference measurement
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