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1. Introduction
In 3GPP RAN1 #67 meeting, per-CSI-RS-resource CSI feedback was agreed as baseline for CoMP

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.  

Whether aggregated CQI feedback is needed is still under discussion. In our companion contribution [1], aggregated CQI is analyzed from the aspects of overhead and performance. According to the analysis, aggregated CQI feedback is not suggested. 

In TDD CoMP, channel reciprocity can be exploited to eliminate the overhead of PMI reporting, i.e., non-PMI reporting is employed. For non-PMI based transmission in Rel-8/9/10, TxD CQI is reported to provide information about interference level relative to signal power. For non-PMI CoMP transmission, relative signal amplitude between different TPs is also crucial for transmission-point selection and link adaptation. In this contribution, possible causes and results of relative amplitude mismatch are discussed. TxD CQI reporting for each TP (CSI-RS) in measurement set is helpful in resolving such problem. 
For TDD CoMP, definition for TxD CQI based on CSI-RS instead of CRS is discussed in the companion contribution [2]. 
2. TxD based CQI for each TP
For TDD non-PMI CoMP, interference information can be achieved by configured CSI-RS of one TP and appropriate IMR. Downlink received power of multiple TPs could be calculated at network side through SRS measurement when uplink CSI at those TPs is measured. However, the calculation is not always reliable due to reciprocity error and different receiving time of SRS signal.
Channel reciprocity error

If antennas of multiple TPs are not jointly calibrated, the uplink and downlink channel may be not reciprocal exactly. Antennas of a single TP can be assumed well calibrated, and the uplink channel and downlink channel are different up to a constant common to all antennas of the TP. Such difference has no impact on single cell transmission such as beamforming in Rel-8 and dual-layer beamforming in Rel-9. The constant values are different among multiple TPs, i.e., the relative amplitude and phase is different between uplink channel and downlink channel. The calculated downlink received power based on SRS measurement and a single CQI reporting is deviated from the actual downlink received power. 
Different SRS receiving time

Additionally, uplink CSI of TPs in measurement set could be estimated at different subframes, e.g., a TP suffering a sudden interference and failing to estimate CSI has to use a previous estimation instead. SRS transmission power of UE may change between subframes due to its power control, and the exact transmission power is unknown at network side. That is, CSI obtained at successive subframes is different up to an unknown constant without considering the Doppler effect. This also brings the issue of relative amplitude mismatch.

Relative amplitude mismatch among downlink CSI of TPs in measurement set has severe impact on 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.  

· Link adaptation

After scheduling, CQI should be recalculated to reflect the scheduling results. However, wrong amplitude would cause erroneous on interference level and signal power calculation, and consequently wrong MCS which further 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 mismatched relative amplitude, the derived precoding weight is not able to suppress interference as expected. The performance is degraded due to the uncontrollable interference.  
Simulation results in Appendix show that channel reciprocity error results in obvious performance loss of CoMP transmission. In the simulation, antennas of the same TP are assumed to be accurately calibrated. The channel reciprocity error 
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is modeled as log-normal distributed random variables, i.e., 
[image: image2.wmf])

,

(

~

)

(

log

2

0

10

10

s

a

N

i

. The error represents the amplitude difference between uplink and downlink of the ith TP, and they are independent between TPs. It can be seen from Figure 1 that reciprocity error of 
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causes significant performance degradation.  The detailed data can be found in Table 1(DPS/DPB with channel reciprocity error, without CQI for error compensation).
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Figure 1: Impact of channel reciprocity error on CoMP performance

If TxD CQI for each TP is reported, the relative amplitude mismatch problem could be resolved by compensating the amplitude according to the reported CQI, since the reported CQI reflects the downlink relative amplitude of TPs.

Let us assume n TP (
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) in a measurement set, for a UE. CSI-RS resource is configured for each TP. Through CSI-RS, UE measures downlink channels, 
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. TxD based CQI is calculated and feedback:

[image: image7.wmf]2

H

CQI=,1,,

i

i

in

I

=

L

                                                             (1)
where for convenience of discussion, quantization is neglected in expression. The network measures uplink channel 
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 stands for channel reciprocity error between uplink and downlink of the ith TP. With per-CSI-RS-resource CQI feedback, and CQI1 as a reference, downlink channel information at network could be calculated as:
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The ratio between CQI of the two TPs is used to scale the estimated uplink channel. From the equation, it is easy to see that power ratio between the calculated downlink channel equals to the ratio between reported CQI.

To see the effect of above algorithm, CoMP performance with reciprocity error and CQI compensation are also provided in Table 1 (DPS/DPB with channel reciprocity error, with CQI for error compensation). It can be seen from Figure 2 that by using per-CSI-RS-resource CQI to compensate the amplitude, the CoMP transmission performs almost the same as that with ideal channel reciprocity. That is, reporting TxD CQI for each TP in measurement set can provide necessary and sufficient information to solve the amplitude mismatch problem.
[image: image11.emf]3.54%

12.91%

3.29%

14.34%

0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

12.00%

14.00%

16.00%

Average gain Cell-edge gain

Ideal reciprocity Non-ideal reciprocity with CQI compensation


Figure 2: Effect of per-CSI-RS-resource CQI reporting

From the above analysis, we have the following proposals:
Proposal 1: More than one CSI-RS resources should be configured in the measurement set to obtain TDD CoMP gain.
Proposal 2:  Per-CSI-RS-resource CQI for each configured CSI-RS resource in CoMP measurement set should be reported for TDD CoMP.
3. Conclusion

In this contribution, TxD based CQI for each TP (CSI-RS resource) in TDD CoMP is discussed. According to the discussion and simulation results, we propose:
Proposal 1: More than one CSI-RS resources should be configured of TPs in the measurement set.

Proposal 2: Per-CSI-RS-resource CQI for each configured CSI-RS resource in the CoMP measurement set should be reported for TDD CoMP.
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5. Appendix
To investigate the effect of relative amplitude mismatch on system performance, and the performance of per-CSI-RS-resource CQI, we conduct system simulations. In the simulation, performances of DPS/DPB with ideal channel reciprocity, DPS/DPB with channel reciprocity error and without CQI used for error compensation, DPS/DPB with channel reciprocity error and with CQI for error compensation are compared. Channel reciprocity error 
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. Channel reciprocity error in phase is not modeled, as DPS/DPB and single-TP transmission in TDD system is not affected by reciprocity error in phase.
Table 1: DPS/DPB performance with different channel reciprocity conditions
	Transmission scheme
	Average cell spectrum efficiency (bps/Hz)
	Average gain
	5% cell-edge user spectrum efficiency (bps/Hz/user)
	Cell-edge gain

	SU-MIMO
	8.82
	0.00%
	0.0439
	0.00%

	DPS/DPB with ideal channel reciprocity
	9.14
	3.54%
	0.0496
	12.91%

	DPS/DPB with channel reciprocity error, without CQI for error compensation
	8.83
	0.17%
	0.0455
	3.62%

	DPS/DPB with channel reciprocity error, with CQI for error compensation
	9.11
	3.29%
	0.0502
	14.34%


Table 2: Simulation assumption
	Parameter
	Assumption 

	Scenario
	Scenario 3 / 4

	Deployment model
	Heterogeneous deployment with low Tx power RRHs

	
	Zero backhaul latency

	
	Hexagonal grid, 19 macro sites, 3 sectors/site, 4 RRHs/sector

	Coordination area
	Coordination within one macro cell area

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Max number of HARQ retransmissions
	4

	OLLA
	Used

	Channel model
	Macro to UE: 3GPP Case 1 (SCM UMA High Spread)

	
	RRH to UE: ITU UMI

	Transmit power
	Macro site: 46dBm; RRH: 30dBm

	Number of antennas (Macro, RRH)
	(2, 2)

	Number of UE antennas
	2

	Number of UE per macro area
	Config 1: 25

	Antenna configuration
	TX: cross-polarized ±45°
RX: cross-polarized ±45°

	Receiver 
	MMSE option 1

	Propagation delay
	Modeled

	Timing error
	0 us

	Period of feedback
	10ms

	Subband size
	6PRB

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Transmission scheme
	Rank adaptive SU-MIMO, DPS/DPB

	Measurement set threshold
	15 dB

	Max size of measurement set
	2

	Overhead
	TDD frame configuration 1, during one half frame: 1 MBSFN DL subframe, 1  non-MBSFN DL subframe, 1 special subframe.

- MBSFN DL subframe: 2 PDCCH symbols, 12 RE/RB DMRS.

- non-MBSFN DL subframe: 3 PDCCH symbols, 12 RE/RB DMRS, 2 CRS ports.

- special subframe: 11 DwPTS symbols, 2 PDCCH symbols, 6 RE/RB DMRS
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