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1. Introduction
During the email discussion after RAN1 #65 meeting, many issues on specification impact of CoMP transmission have been discussed. Thereinto, feedback mechanism is quite an important issue which has been discussed a lot. In TDD, channel reciprocity can be applied to obtain CSI, which needs much less specification efforts. However, even though, CQI feedback still needs enhancement to support CoMP operation. In this contribution, we will share our views on feedback of CQI in TDD.
2. Discussions

In TDD, downlink channel state information (CSI) could be estimated via SRS thanks to channel reciprocity. However, the estimated CSI is not enough for scheduling and precoding calculation of CoMP transmission. Downlink CQI information for point(s) in UE’s CoMP measurement set is still needed because:
· Interference is not reciprocal between uplink and downlink. Downlink CQI can provide information about interference level in downlink.
· Uplink CSI of points in measurement set may be estimated at different subframes, e.g., a point suffering a sudden interference and failing to estimate CSI has to use a previous estimation instead. The SRS transmission power of UE may change in between subframes due to power control, and the exact transmission power is unknown at the network side. That is, CSI obtained at successive subframes is different up to an unknown constant without considering the Doppler effect. This results in the presence of relative amplitude mismatch among downlink CSI of points in measurement set, which has severe impact on various CoMP schemes in following aspects: Transmission point selection
For all the schemes, the transmission point could be dynamically switched within cooperating set according to instantaneous channel quality.  With the presence of relative amplitude mismatch, an inappropriate point may be select which degrades the performance.  
· Precoding calculation
For CS/CB and JT, when multiple UEs are scheduled simultaneously on the same time-frequency resource within the cooperating set, precoding weight of each UE should be derived to suppress interference to co-scheduled UEs and guarantee performance of this UE. However, with mismatch relative amplitude, the derived precoding weight is not able to suppress interference as expected. The performance is degraded due to the uncontrollable interference.  
· Link adaptation
After scheduling, CQI should be recalculated to reflect the scheduling results. However, wrong amplitude would cause erroneous on interference level calculation, and consequently wrong MCS which further degrades the performance.

If UE report CQI for each point in the measurement set, the relative amplitude mismatch problem could be resolved since the CQI could also reflect the downlink relative amplitude of each point.

Additionally, in channel reciprocity based CoMP, UE could not assume any CoMP scheme for CQI calculation since such assumption has no connection with the actual CoMP schemes at network side in this case. In Rel-10, transmission modes 7/8/9 support TxD based CQI, which can be reused in CoMP. However, TxD scheme is defined based on CRS, which may not be proper for CoMP:
· In Scenario 4, CRS cannot be used to calculate channel quality between each point and UE, since CRS may be transmitted from multiple points with the same sequence and frequency shift.
· In Scenario 1, 2, 3, because of the collision between CRS and PDSCH, MBSFN subframes without CRS in data channel could be applied often.

3. CQI enhancement
We define primary transmission point as a point which transmits PDSCH to UE in CS/CB or DPS, and a UE selected or network configured transmission point in JT. The other points in measurement set are called secondary point(s). We consider two options of reporting CQI for primary and secondary points: 
Option 1: TxD based CQI for primary transmission point and each secondary point, taking into account interference from outside of measurement set;
Option 2: TxD based CQI for primary transmission point taking into account interference from outside of measurement set, and differential CQI with respect to primary point for each secondary point, also taking into account interference from outside of measurement set.
From our evaluation (refer to appendix), the options for CQI definition and reporting have minor loss comparing with CoMP performance assuming ideal CQI.
4. Specification Impact
When applying channel reciprocity, CQI needs to be reported for each point in measurement set (or report set if it is subset of measurement set). For the primary transmission point, it could be defined in the similar form as conventional CQI definition although signal part may need to be calculated through CSI-RS and interference outside measurement set is considered. For the secondary transmission points, it could be the same as primary transmission point definition or new definition. No matter which way, multiple CQI from a UE is needed and that needs specification efforts. 
Proposal 1: CQI for each point in measurement set needs to be calculated and reported. 
It is noted that this proposal can also be applicable to non-channel reciprocity cases. 

In addition, as discussed in section 2, CQI may be calculated depending on CSI-RS, but not CRS. The current TxD scheme based CQI may not be applicable. 

Proposal 2: It needs to develop TxD CQI based on CSI-RS.

5. Conclusion

To support CoMP transmission applying channel reciprocity, we describe two CQI report options. 
Option 1: TxD based CQI for primary transmission point and each secondary point, taking into account interference from outside of measurement set;

Option 2: TxD based CQI for primary transmission point taking into account interference from outside of measurement set, and differential CQI with respect to primary point for each secondary point, also taking into account interference from outside of measurement set.

System performance evaluation shows that CoMP schemes with the CQI report do not show evident gain degradation under subband CQI report and 4-bit CQI quantization comparing with ideal CQI case. CQI feedback granularity does not have significant impact on cell average gain. With wideband CQI feedback, CS/CB provides about 20% cell edge gain, and JT provides about 30% cell edge gain.
Specification efforts could focus on:

Proposal 1: CQI for each point in measurement set needs to be calculated and reported. 
Proposal 2: It needs to develop TxD CQI based on CSI-RS.
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7. Appendix

In Table I, we provide evaluation results for the proposed CQI feedback and relative compensation scheme in deployment Scenario 2 [1]. The evaluation assumptions are given in Table II. It can be observed that CoMP schemes do not show evident gain degradation under subband CQI report and 4-bit CQI quantization. 

Table I: System performance with proposed CQI feedback and compensation scheme
	CQI feedback
	Tx mode
	Cell average SE (bps/Hz/cell)
	Cell edge SE (bps/Hz/cell)

	
	
	value
	gain
	value
	gain

	Ideal CQI
	SU/MU-MIMO
	3.46 
	0.00%
	0.135 
	0.00%

	
	JT
	4.07 
	17.48%
	0.174 
	28.36%

	
	CS/CB
	3.88 
	12.24%
	0.163 
	20.62%

	Per subband, 4 bit quantization
	SU/MU-MIMO
	2.92 
	0.00%
	0.113 
	0.00%

	
	JT
	3.36 
	15.09%
	0.145 
	31.13%

	
	CS/CB
	3.26 
	11.74%
	0.142
	26.25%


Figure 1 and Figure 2 respectively give cell average and 5% cell edge spectrum efficiency gain of CQI feedback with PRB, subband and wideband CQI report. It can be seen that CQI feedback granularity does not have significant impact on cell average gain. Although wideband CQI feedback has about 10% cell edge gain loss in CS/CB and JT compared with per PRB report, there are still about 20% cell edge gain for CS/CB and 30% cell edge gain for JT.
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Figure 1 Cell average gain at various granularity

[image: image2.png]5% Cell Edge Spectrum Efficiency gain
45.00%
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%
0.00%

39.74%

= 5U/MU-MIMO
mCs/CB

=T

PRB Subband wideband




Figure 2 5% cell edge gain at various granularity
Table II: Simulation assumption
	Parameters
	Assumptions

	Number of cells
	57

	Deployment model
	Homogeneous deployment with high Tx power RHHs

	
	Zero backhaul latency

	
	Hexagonal grid, 19 sites, 3 cells/site

	
	9 cell CoMP clusters

	ISD
	3GPP Case 1: 500m

	UEs per cell
	10

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Max number of HARQ retransmissions
	4

	Channel model
	3GPP Case 1 (SCM UMA High Spread)

	Transmit power per cell
	3GPP Case1: 46dBm(10MHz)

	Number of Tx/Rx antennas
	 (4TX, 2RX)

	Antenna configuration
	TX: cross-polarized ±45°

RX: cross-polarized ±45°

	eNB antenna tilt
	3GPP Case 1: 15°

	Receiver
	MMSE option1

	Propagation delay
	Modeled

	Subband size
	6 PRB

	Timing error
	0 us

	Period of SRS transmission
	10ms

	SRS transmission
	Ideal

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Maximum number of co-scheduled UEs
	2UEs/cell


