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1 Introduction

The CQI definition for CoMP has not been formally discussed in RAN1, though some important aspects related to this topic were discussed in the context of other issues, such as interference measurement and CSI-RS design, etc. At the RAN1#68bis meeting, the support to aggregated CQI for SU-JT was proposed [1]:

Proposal: Aggregated CQI across CSI-RS resources is supported

CATT does not see the need without inter-CSI-RS-resource phase indicator feedback

Ericsson – good performance can be achieved with non-coherent JT without aggregated CQI.

New Postcom, Samsung – need more time to consider. 

Panasonic – could do it in either Rel-11 or Rel-12. 

Consider further until RAN1#69.
Currently, there is no further agreement on CQI definition for CoMP since some initial clarifications were captured in TR 36.819 [2]. The CQI contents in TR 36.819 are [2]:

· 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)

In this contribution, we will discuss the definitions of CQI  for CoMP.
2 Definitions of CQI for CoMP
According to the agreements from the RAN1#68bis meeting [1], the CoMP measurement set can contain 2 or 3 CSI-RS resources. The small size of measurement set is the prerequisite of our discussion on CQI definitions for CoMP.

The agreement from the RAN1#67 meeting reads CSI feedback for CoMP uses at least per-CSI-RS-resource feedback. Thus, it can be concluded that CoMP CQIs are reported in a container of per-CSI-RS-resource. Nonetheless, the specific definition of the CoMP CQI in the container of per CSI-RS-resource has not been discussed formally.
For convenience, we will in the sequel borrow the terms in [3] for classifying the CQI definitions.

2.1 Scheme specific CQI
2.1.1 Definition
The scheme specific CQI  can be defined as in TR 36.819 [2], which was also widely discussed [4]:

· Scheme specific CQI: CQI that accounts for post-CoMP channel quality under a certain CoMP scheme assumption (e.g., interfering cell/point precoding or muting)
In Appendix A.1, we provide the formulas for deriving scheme specific CQI.
2.1.2 Pros and cons
Since scheme specific CQI is calculated at UE with a hypothesis of the CoMP scheme used, it aligns with the conventional CQI definition which is also UE specific, and does not impose more constraints from the accuracy and testability aspects than the conventional CQI. However, the flexibility is constrained by the CoMP scheme hypothesis at UE. If such information is not available at UE, dynamic switching of different CoMP schemes may not be possible.
Fortunately, for the sake of improving flexibility, UE can report multiple CQIs, each corresponding to one possible CoMP scheme. In this case, we have to consider the restriction of the size of CoMP measurement set. More specifically, the number of CoMP schemes associated with the reported CQIs should not be greater than the size of CoMP measurement set. Note that the number of CoMP schemes supported for practical dynamic switching mechanism would be small. Typical combinations include the dynamic switching between JT and DPS, and between CS/CB and non-CoMP.
2.2 Scheme agnostic CQI
2.2.1 Definition
The scheme agnostic CQI may be defined as follows according to [5][6]:
· Scheme agnostic CQI: CQI that uniformly represents channel quality per CSI-RS-resource with or without the interference inside the CoMP measurement set.
The formulas for scheme agnostic CQIs are outlined in Appendix A.2.

Based on previous discussions, scheme agnostic CQI constitutes two alternatives:

· Alt-1: scheme agnostic CQI includes the interference inside the CoMP measurement set;

· Alt-2: scheme agnostic CQI does not include the interference inside the CoMP measurement set.

Alt-2 formulated in Appendix 2 is simple and flexible for deriving the scheme specific CQI. The simulation results in Table 2 show that Alt-2 achieves promising CoMP gains, especially for CS/CB. Thus, we suggest:
Proposal 1: If the scheme agnostic CQI is defined, the definition is the channel quality per CSI-RS-resource excluding the interference inside the CoMP measurement set.

However, as mentioned in [7], Alt-1 has better performance for JT than Alt-2. In fact, these two alternatives can be implemented by applying different configurations for interference measurement. Thus a more flexible way may be to leave the choice between including and excluding the intra-measurement-set interference to interference measurement configuration, .i.e.

· Alt-3: whether to include the interference inside the CoMP measurement set can be left to the interference measurement configuration.

Proposal 2: If the scheme agnostic CQI is defined, the inclusion of the interference inside the CoMP measurement set can also be left to the interference measurement configuration.
2.2.2 Pros and cons
The main advantage of scheme agnostic CQI is that UE does not need to have a hypothesis of the actual CoMP scheme used at eNB. However, there are some disadvantages of the scheme agnostic CQI as follows:
1) Accuracy:

The accuracy of the scheme agnostic CQI may be low due to two main reasons. Firstly, CQI quantization errors may propagate to derive the scheme specific SINR. Secondly, the derivation is only based on the empirical formulas, since some channel information, e.g. fast-fading statistics, is not explicitly known at eNB. Such deficiencies of scheme agnostic CQI may affect the selection of appropriate MCSs for link adaptation.

2) Testability:

The scheme agnostic CQI cannot be applied in link adaptation directly, since further processing, such as combining multiple scheme agnostic CQIs into scheme specific CQI, etc, is needed. Therefore, the testing methodology used in legacy releases cannot be reused. Hence, the testing process with the scheme agnostic CQI may require additional standardization efforts from RAN4 perspective.
3) The common RX processing assumption:

In order to combine the scheme agnostic CQIs to scheme specific CQI, a common and consistent Rx processing should be assumed at the eNB side.
Based on the above analysis, we summarize the comparison of the scheme specific CQI and the per-CSI-RE-resource CQI in Table 1.

Table 1: Comparison of the scheme specific CQI and the scheme agnostic CQI.

	
	Scheme specific CQI
	Scheme agnostic CQI

	Advantage
	1) High accuracy

2) Good testability
	1) More flexibility

	Disadvantage
	1) Less flexibility
	1) Low accuracy

2) Additional testing efforts
3) Common RX processing constraint


2.3 Simulation results

The size of measurement set has been agreed to be 2 or 3 CSI-RS-resources at the RAN1#68bis meeting. Obviously, eNB would combine scheme agnostic CQIs based on some empirical assumptions, while suffering quantization error propagation. If the size of measurement set is limited to a small number, the impacts of empirical assumptions and quantization error propagation can be reduced.

Observation 1: A small size of measurement set will help to increase the accuracy of derivation of scheme specific CQI from scheme agnostic CQIs.

Our simulation results of scheme specific CQI and scheme agnostic CQI are provided in Table 2 and 3.
Table 2: Throughput gains comparison for scheme specific CQI and scheme agnostic CQI in 4-TX setup.
	
	Cell-average gain
	Cell-edge gain

	Non-CoMP
	-
	-

	CS/CB, scheme specific CQI
	-0.70%
	26.19%

	CS/CB, scheme agnostic CQI
	-1.54%
	24.74%

	SU-JT, transparent-JT, scheme specific (aggregated) CQI
	-6.10%
	37.07%

	SU-JT, transparent-JT, scheme agnostic CQI
	-6.82%
	24.29%

	SU-JT, global precoding, scheme specific (aggregated) CQI
	-5.41%
	35.22%

	SU-JT, global precoding, scheme agnostic CQI
	-6.26%
	26.13%


Table 3: Throughput gains comparison for scheme specific CQI and scheme agnostic CQI in 2-TX setup.
	
	Cell-average gain
	Cell-edge gain

	Non-CoMP
	0%
	0%

	CS/CB, scheme specific CQI
	-2.33%
	30.17%

	CS/CB, scheme agnostic CQI
	-2.57%
	28.87%

	SU-JT, transparent-JT, scheme specific(aggregated) CQI
	-8.73%
	32.01%

	SU-JT, transparent-JT, scheme agnostic CQI
	-10.46%
	19.79%

	SU-JT, global precoding, scheme specific(aggregated) CQI
	-7.88%
	34.66%

	SU-JT, global precoding, scheme agnostic CQI
	-9.98%
	24.52%


Observation 2: The scheme specific CQI scheme has a similar performance as the scheme agnostic CQI for CS/CB, but shows obvious gains over scheme agnostic CQI for JT scheme.
From the analysis and simulation results above, we propose:

Proposal 3: The scheme specific CQI should be defined with higher priority than the scheme agnostic CQI.
Since the aggregated CQI (i.e. scheme specific CQI for JT) can obtain the obvious gains compared with the scheme agnostic CQI for JT scheme, we highly recommend standardizing the aggregated CQI in Rel-11 to fully exploit the JT gain.

Proposal 4: Aggregated CQI across CSI-RS resources in Rel-11 is supported.

3 Rank restriction
In case of high rank, the scheme agnostic CQI will cause significantly increased feedback overhead, which has also been observed by other companies, such as [3]. Indeed, the CQI overhead due to high rank is also an issue for scheme specific CQI. On the other hand, a too high rank is not suitable for cell-edge CoMP UEs. Furthermore, in order to avoid additional DCI bits for indicating DMRS scrambling, the rank should also be restricted to be no more than 2. Thus, we propose that:

Proposal 5: The reported rank for CoMP UEs should be restricted to be no more than 2.

4 Legacy CQI

While CoMP CQI is needed for supporting CoMP UEs, legacy CQI reporting for fallback transmission modes (i.e. non-CoMP transmissions) can also be supported for CoMP UEs. The need is obvious, since CoMP transmissions may not always be feasible. Specifically, in some cases, a CoMP UE may fall back to non-CoMP mode for the current scheduling TTI, for instance to mitigate the degradation of cell average performance, etc. In this case, Rel-10 CQI is needed for facilitate CoMP UEs to work efficiently.

Proposal 6: CoMP UE can report Rel-10 CQI along with CoMP CQI.
5 Conclusion
Proposal 1: If the scheme agnostic CQI is defined, the definition is the channel quality per CSI-RS-resource excluding the interference inside the CoMP measurement set.

Proposal 2: If the scheme agnostic CQI is defined, the inclusion of the interference inside the CoMP measurement set can also be left to the interference measurement configuration
Proposal 3: The scheme specific CQI should be defined with higher priority than the scheme agnostic CQI.

Proposal 4: Aggregated CQI across CSI-RS resources in Rel-11 is supported.

Proposal 5: The reported rank for CoMP UEs should be restricted to be no more than 2.

Proposal 6: CoMP UE can report Rel-10 CQI along with CoMP CQI.

6 References

[1] R1-11xxxx, “Chairman’s notes of 3GPP TSG RAN WG1 Meeting #68bis”, Mar. 2012.
[2] 3GPP TR 36.819 V1.2.0, “Coordinated Multi-Point Operation for LTE”, Sep. 2011.
[3] R1-121088, “CQI definition for CoMP”, CATT, Mar. 2012.
[4] R1-113892, “Feedback operation for coordinated multi-point operation”, Renesas Mobile Europe Ltd., Nov. 2011.
[5] R1-113983, “Consideration on CQI definition for CoMP”, LG Electronics, Nov. 2011.
[6] R1-113662, “Discussion on CQI definition in CoMP systems”, Intel Corporation, Nov. 2011.
[7] R1-121390, “CQI feedback options for CoMP”, Renesas, Mar. 2012.
[8] R1-122367, “Considerations on interference measurement resource for CoMP”, New Postcom, May 2012.
[9] R1-114338, “CQI definition for CoMP”, Hitachi Ltd., Nov. 2011.
Appendix

A.1
Formulas for the scheme specific CQI

The variables used in the formulas are defined as:
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In general, 
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 can be measured based on the methods of interference measurement, e.g. in [8].
For SU-JT (local precoding):


[image: image7.wmf]out

Set

Mea

i

i

i

i

i

ICI

N

SINR

+

=

å

Î

0

_

*

0

*

0

0

0

*

g

H

w

w

H

g

        

                                 (1)

Where: 
· 
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 denotes the beamformer from CSI-RS-resource-i to UE-0.
For CS/CB:
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A.2
Formulas for the scheme agnostic CQI
For scheme agnostic CQI, the scheme specific SINR is obtained by assembling the scheme agnostic CQI(s). We assume the UE reports the per-CSI-RS-resource beamformer and SINR in the form of PMI and CQI as follows [9]:
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The eNB will assemble these scheme agnostic CQIs to calculate a scheme specific SINR.
For SU-JT (local precoding): the eNB can calculate the SINR based on the empirical formula (note that not all the TPs in the measurement set are included in the coordination):
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Where:

· 
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For CS/CB:
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If only the Coordinated Beamforming is applied, the 
[image: image18.wmf]00

b

 approaches to 1, and the 
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 approaches to 0 under the assumption that Coordinated Scheduling can always select the neighbor-cell UE to cancel the interference. Thus the scheme specific SINR for UE-0 can be estimated as:
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A.3 Simulation assumptions

Table 4: Simulation assumptions.

	Parameter
	Values used for evaluation

	Performance metrics
	Cell average throughput, cell-edge user throughput

	Deployment scenarios
	Scenario 2: the central entity can coordinate 3 cells.
Measurement set size is 2.

	Simulation case
	3GPP Case 1

	High power RRH Tx power (Ptotal)
	46 dBm in a 10 MHz carrier

	Number of UEs per cell
	10

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	CS/CB and SU-JT
Rank-1 SU-MIMO transmission

	Impairments modeling
	- no CRS-PDSCH collision

- timing error = 0 us
- zero frequency offset

	CSI/CQI delay
	6 TTIs

	Overhead 
	3 OFDM symbols for DL CCHs, 4 REs/RB for CSI-RS, 12 REs/RB for DM-RS, 2 CRS ports

	Scheduler
	Centralized scheduling under PF metric

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	4 and 2

	Number of antennas at UE
	2

	Antenna configuration
	Cross-polarized on each column, closely-spaced

	Antenna pattern
	3D

	eNB Antenna tilt
	15 degrees

	Antenna gain + connector loss
	14 dBi in 3GPP Case 1

	Feedback scheme
	Per-CSI-RS-resource PMI feedback (Rel-10 codebook) without inter-CSI-RS-resource feedback

	Feedback subband size
	5 RBs

	Channel estimation
	CSI-RS: Ideal

DM-RS: Ideal

	UE receiver
	MMSE-IRC receiver

	Placing of UEs
	Uniform distribution for homogeneous networks

	Traffic model
	Full buffer

	Backhaul assumptions
	Point-to-point fibre, zero latency and infinite capacity

	Link adaptation
	Non-ideal
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