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1. Introduction

In RAN#53 the work item on CoMP ‎[2] and the study item on DL MIMO enhancement ‎[3] were approved ‎[1]. Enhancement of CSI feedback is one of the common themes between the two items and companies expressed their views regarding the boundaries between the two items during the e-mail discussion ‎[4].

In the CoMP work item ‎[2] it is stated that development should be considered in the:
· “UE feedback scheme and related measurements
· individual per-point CSI feedback with or without complementary inter-point feedback as baseline. Aggregated CoMP feedback is not precluded.”
In DL MIMO enhancement study item ‎[3] it is stated that an objective of the study is to:
· “Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.
· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. ”

Also other topics such as enhanced PDCCH and new carrier types are closely related to the CSI measurement and feedback. In this contribution, we share our views on the CSI feedback content for supporting coordinated multipoint transmission and enhanced DL MIMO. 

2. Enhancements and Requirements
The CSI feedback scheme of Rel. 10 may not fully take advantage of the potentials provided by the new features in Rel. 11 such as e-PDCCH, multi-point transmission, point selection/blanking, and new carrier type. As a result further optimization and some new measurements and feedback information are needed. In this section we provide a list of enhancements and corresponding CSI feedback requirements related to CoMP WI and DL-MIMO enhancement SI.  
2.1. Aggregated vs. Per-point CSI

There are two types of CSI measurements/reporting proposed, namely; i) per-point CSI and ii) aggregate CSI. We analyzed Pros and Cons of two CSI measurements/reporting. However, depending on feedback information (i.e. rank/PMI or CQI), the benefit and drawback of each feedback type are different. In addition to that, the benefit and drawback analysis of each CSI measurements/reporting is highly depending on the transmission scheme.

Table 1: Aggregated vs. Per-point CSI feedback (rank/PMI)
	
	Aggregated rank/PMI feedback
	Per-point rank/PMI feedback

	Pros
	· It does not require the specification changes in terms of reporting.
	· It allows flexible scheduling/transmission scheme, e.g. CS, CS/CB, DPS, Non-coherent/coherent JT (Relative information may be required in some transmission scheme)

	Cons
	· Coherent JT transmission is the main use case. 
	· It requires the specification changes.


Table 2: Aggregated vs. Per-point CSI feedback (CQI)

	
	Aggregated CQI feedback
	Per-point CQI feedback

	Pros
	· It does not require the specification changes in terms of reporting.

· For non-coherent/coherent JT, aggregated CQI is useful to determine the appropriate MCS.
	· For specific transmission scheme (e.g. CS, CS/CB, DPS), per-point CQI feedback works well.

	Cons
	· For specific transmission scheme (e.g. CS, CS/CB, DPS), aggregated CQI feedback may not be appropriate to determine the appropriate MCS.
	· It requires the specification changes.

· For non-coherent/coherent JT, per-point CQI feedback may not be appropriate to determine the appropriate MCS.


For example, in terms of rank/PMI report, the aggregated CSI feedback does not require change in the specification related to the reporting. However, it is limited to coherent JT transmission from multiple points. On the other hand per-point CSI feedback measurement and reporting enables eNB to perform more flexible scheduling for the cost of additional standardization work.
For another example, aggregated CQI report may be useful for non-coherent/coherent JT. However, for specific transmission schem (e.g. CS, CS/CB, DPS), aggregated CQI feedback may not be appropriate to determine the appropriate MCS.
Proposal 1: The performance of aggregated and per-point CSI measurement and reporting should be evaluated taking into account the above Pros and Cons.
2.2. Relative CSI Measurement and Report

As described in the above section, the required feedback feature depends on the transmission method. For example, some of the benefits of availability of relative CSI feedback in CoMP coherent joint transmission is shown in ‎[6]. A simple simulation shows that significant gain (1dB in the simulated scenario) can be achieved, by having 2 bits of feedback for reporting relative phase; the gain is depicted in Figure 1.
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Figure 1: Received SNR vs. Number of bits used for quantizing relative phase

Proposal 2: Measurement and reporting of relative amplitude and phase for supporting CoMP JP should be considered.

2.3. Rank Measurement/Determination and Report

The difference between the transmission powers of RSs, especiall​y in case of aggregated CSI measurement, makes accurate measurement of channel rank challenging. Similarly, determining of the rank of channel based on per-point CSI measurement without consideration of transmission scheme and availability of relative feedback would be inaccurate and unreliable.
For example in case of per-point CSI measurement, a UE may report the different rank value for each transmission point. In this case, the rank of a combined channel may not be accurately inferred from the rank for the individual transmission point when the coherent JT is applied as the transmission scheme.
Proposal 3: Requirements for rank measurement/determination based on per-point and aggregated CSI measurement should be studied.
2.4. Different Number of Antenna Ports at Different Transmission Points

In CoMP, especially utilizing JT or CS/CB, different number of antenna ports might be used at different transmission points for both measurements and transmission. In this case different size PMI codebooks are used at different transmission points. The interaction of these codebooks on each other in measuring CSI as well is its impact on the receiver needs to be considered.

Proposal 4: Impact of having different number of antenna ports at different transmission points should be considered in CoMP and geographically separated antennas.

3. Proposal
In this contribution we presented our views on issues related to CSI measurement and feedback. A list of our proposals is presented below.
1. The performance of aggregated and per-point CSI measurement and reporting should be evaluated taking into account the above Pros and Cons.
2. Measurement and reporting of relative amplitude and phase for supporting CoMP JP should be considered.
3. Requirements for rank measurement/determination based on per-point and aggregated CSI measurement should be studied.
4. Impact of having different number of antenna ports at different transmission points should be considered in CoMP and geographically separated antennas.
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Appendix
Simulation assumptions are listed in table below.
Table 1: Simulation assumption used for generating Figure 1
	Parameter
	Values

	Bandwidth
	10 MHz

	Measurement BW
	1 RB

	Carrier Frequency
	2.0 GHz

	Channel model
	iid Rayleigh 

	Antenna Configuration
	2x2

	Receiver Type
	Linear MMSE 

	Channel estimation for DMRS & SRS
	Ideal 

	CoMP scheme
	Coherent and non-coherent JT
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