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1. Introduction 
CoMP TR 36.819 [1] shows the hypothesis for CQI feedback,  
· CQI only accounting for interference outside the CoMP measurement sets or relative received power between CoMP transmission points
· Wideband and subband based CQI feedback may be considered

· CQI that accounts for post-CoMP channel quality under a certain CoMP scheme assumption (e.g., interfering cell/point precoding or muting)
It also says that ‘For CQI, Rel-10 CQI feedback (TxD based) may be reused, while other methods are not precluded’.  And in LTE Release 10 [2], it has been decided that ‘For a UE in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in other transmission modes the UE shall derive the channel measurements for computing CQI based on CRS’. And for transmission mode 7 and 8, CQI is also calculated based on CRS. In this contribution, we try to analyze the CQI definition for CoMP TDD system when PMI/RI report is not configured.
2. CQI definition for CoMP TDD system
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Figure 1. CoMP Scenario 3 and 4
For CoMP scenarios 1-3, the transmission points in the CoMP measurement set have different cell ID. So it is impossible for the UE to measure the multi-cell CSI with the help of CRS. Actually, a new UE specific CSI-RS initialization sequence is being discussed and would be used for the CoMP UE to measure CSI for the multi-cell case. But for transmission mode 9, when PMI/RI report is not configured, UE measures CQI based on CRS. So it is a TxD based CQI measurement. For transmission 7 and 8, UE also measures CQI based on CRS. [3] has provided the view of TxD based CQI for CoMP. But it is still not clear if the TxD based CQI could work with CSI-RS. This needs further study. 
But for CoMP scenario 4, all the points within a macro/RRH coordination area have the same cell ID. So it is natural that the UE could measure the combined CSI with the multi-cell CRS.  Fig. 1 shows the deployment scenario for CoMP scenario 4. Because CRS and CSI-RS both are scrambled by the cell ID, the UE can’t distinguish each point and the whole macro site works in a SFN way.
The main concern of CRS based feedback for CoMP scenario 4 is that it can’t achieve the CoMP gain. This is because the UE can’t differentiate each transmission point or a subset of the transmission points, the measured CQI is over-estimated. However, for the TDD system, with the help of channel reciprocity and CRS based feedback, the CoMP gain can be achieved with CQI modification in the network side.

2.1 CQI modification for CoMP scenario 4 TDD system
We assume in the TDD system, with the channel reciprocity, the downlink CSI could be obtained with the help of uplink SRS. And macro eNB could decide the UE’s cooperating set. Each point in the macro site measures the channel response to the UE by uplink SRS. Then it reports the measured channel matrix to the macro eNB. Based on the received power information, the macro eNB can decide the cooperating set for the UE. Suppose there are N points in the macro site and the size of cooperating set is M.
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The macro eNB chooses one point as the serving point for UE i. The decision can be made based on the maximum received power of the UE. It normalizes the channel matrix and forms the concatenated channel matrix for the UE,
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where         is the channel matrix from point  j to UE i. And        is the received power for UE i from point j.  We assume point 0 is the serving point for the UE.
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After that, the central scheduler could calculate the beamforming matrix         and the beamforming gain             for the single cell transmission based on       , and the beamforming matrix        and the beamforming gain      for the CoMP joint transmission based on the concatenated channel matrix in (1). For simplicity, we only discuss joint transmission. And the idea can be extended to other CoMP schemes directly.
UE’s reported CQI could then be translated in to SINR based on the CQI-SINR mapping curve. So the noise and interference outside the macro site could be estimated,
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where          is the antenna virtualization matrix  used by transmission point j.
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But till now, we do not know if UE i is working on single cell transmission or CoMP transmission. It is up to the scheduler’s decision. But the scheduler needs the CQI for single cell and CoMP transmissions to make the decision. So here two kinds of CQI have been calculated. For single cell transmission, all transmission points except the UE’s serving point belong to this UE’s interference. So within the macro site, the noise plus interference is,
                                                                                                                                                                       (3)
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where                is the beamforming matrix  used by transmission point j in t-1 sub-frame. Here we use the beamforming matrix in the last sub-frame to substitute the beamforming matrix in t sub-frame simply because we do not know the exact beamforming matrix the transmission point j will use and it depends on the scheduling results. But we will revisit this interference after the scheduling process to make the MCS more accurate.
Similarly, the UE’s CoMP noise plus interference could be estimated,
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So with the beamforming gain, outer macro site interference and inner macro site interference, the single cell SINRi,0 and CoMP SINRi,1 could be obtained,
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Then the SINR could be mapped to CQI. During the multi-cell scheduling process, the scheduler could decide if the UE is working in single cell or CoMP mode. With the scheduling results, the scheduler knows the beamforming matrix that each transmission point in the macro site will use. So it could update the interference calculation in (3) and (4), and the SINR calculation in (5) and (6). Then the UE’s MCS is updated for the forthcoming packet transmission. It is obvious that the SINR re-calculation will make the MCS more accurate which is important to guarantee the successful downlink packet transmission.
There are a lot of benefits to support CRS based CQI measurement for CoMP scenario 4 when PMI/RI report is not configured, 

· The CoMP operation could be carried out within the same macro site, so there is no problem that the CRS will collide with PDSCH in neighboring cell, or the problem of different control region sizes between different transmission points [4]. 
· Since the UE can’t differentiate the different points, it works in a transparent way. UE doesn’t need to know it is working in CoMP mode or single cell mode. In addition, all the transmission modes related to the TDD system could be reused in such a scenario, e.g. transmission mode 7, 8 and 9. 
· CRS is very dense in time and frequency dimensions [2]. So the accuracy of the channel estimation based on CRS can be guaranteed.
3. Simulation results

In the simulation, we want to study if the proposed CQI feedback and modification scheme could provide the CoMP gain in scenario 4 TDD system. We assume that in the Fig. 1, each point sends the same CRS to the UE. So the UE could measure the combined TxD CQI and feedback it to the macro eNB. The macro eNB schedules each UE base on the proposed CQI modification algorithm. In this simulation study, we only consider joint transmission as the CoMP scheme. And CS/CB or DPS could also work in a straightforward manner.

For the SU-MIMO with UE reported CQI, the macro eNB also needs to update the reported CQI based on the single cell beamforming gain because the reported CQI is based on the TxD assumption instead of beamforming. But the noise plus interference is under-estimated because the inner macro site interference is not taken into account. So the updated CQI is over-estimated. 
For CoMP operation, we assume the size of cooperating set 3. The actual number of transmission points for each UE depends on the scheduling results. It could be 1 (single cell SU-MIMO), 2 or 3 (CoMP). Here we do not consider the capacity constraint of uplink SRS. The requirement could be met with aperiodic SRS and it is FFS. Table 1 clears show that with the CQI modification algorithm, the CoMP gain is significant. And this scheme is working on CRS based feedback. So for CoMP scenario 4, when PMI/RI is not configured, we could keep the CQI definition unchanged. In addition, we could reuse current available transmission modes 7, 8 and 9 for CoMP.
Observation: For CoMP scenario 4, when PMI/RI report is not configured, CQI measurement could base on CRS. And transmission mode 7, 8 and 9 could be reused without standardization effort.
Table 1.  Spectral efficiency performance (HetNet Configuration 4b )
	Scheme
	Cell average spectral efficiency (bps/Hz)
	Cell edge spectral efficiency (bps/Hz)

	SU-MIMO with UE reported CQI
	2.530
	0.071 

	CoMP with proposed CQI modification
	2.728 (+7.8%)
	0.089 (+23.9%)


4. Conclusion 
This contribution analyzes CQI definition based on CRS in CoMP scenario 4 when the PMI/RI report is not configured for the TDD system. We observe,
Observation: For CoMP scenario 4, when PMI/RI report is not configured, CQI measurement could base on CRS. And transmission mode 7, 8 and 9 could be reused without standardization effort.

The observations confirm that the CoMP operation could be realized by Release 10 in such a scenario without standardization effort.
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Appendix-Simulation assumptions

	Parameter 
	Assumptions used for simulation 

	Deployment scenario 
	CoMP scenario 4 in 3GPP TR 36.819

	Duplex method and bandwidths 
	TDD: 10MHz 

	Cell layout 
	Hexagonal grid 19 sites, 3 cells per site, 1 cell with N low-power nodes as starting point.

HetNet configuration 4b

	Number of low-power node per macro-cell
	4

	Antenna configuration (macro node and low-power node)
	Value for combinations (number of antennas at macro node, number of antennas at low-power node) is (8, 2) 
8 TX antennas for Macro:

4  columns, cross-polarized: XXXX                                                                            
2 TX antennas for LPN:

1  column, cross-polarized: X

	Antenna configuration (UE) 
	2 RX cross-polarized

	Antenna calibration
	NA

	Traffic
	Full-buffer

	Downlink scheduler 
	Proportional fair in time and frequency 

	TDD uplink downlink configuration
	1

	CoMP scheme
	Joint transmission

	Cooperation set RSSP threshold
	3 dB

	Maximum number of coordinated points 
	3 

	Downlink receiver type 
	LMMSE 

	Channel estimation error
	NA

	Control channel and reference signal overhead 
	0.3333 (CRS based feedback)
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