

March 26-30, 2012
Source:
Motorola Mobility
Title:
CQI Definition for CoMP
Agenda Item:
7.5.1.5
Document for:
Discussion 
1. Introduction
The chairman notes from the previous meetings capture the following for CoMP CSI feedback:
Definition: “CSI-RS resource” here refers to a combination of “resourceConfig” and “subframeConfig” which are configured by higher layers.

Working assumption from RAN1#66bis:

· Standardize a common feedback/signaling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Note that use of SRS may be taken into account when reaching further agreements on the above. 
Agreement from RAN1#67:

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

CQI definitions and prediction for CoMP is discussed extensively in contributions to past meetings [2]-[7]. In this contribution, we summarize the CQI definitions to support a common feedback framework of different CoMP schemes when combined with other CSI components.
2. CQI definition for CoMP
Accurate CQI for CoMP would require that the eNB and the UE be aligned on the CoMP transmission set, the CoMP scheme and the interference assumptions. However, it is difficult to have such knowledge be timely available at the UE as most of the gains of CoMP are achieved by dynamic scheduling and switching between potentially different CoMP schemes and transmission points. In this case, the CQI supported for CoMP should be the minimum required to enable a common feedback framework, while supporting reliable MCS prediction for different CoMP schemes including i) DPS/DB ii) JT and iii) CBF. Further, receivers are well-tested for CQI feedback accuracy and often optimize link abstraction for deriving CQI with implementation specific calibration techniques. Inaccurate CQI approximations for some CoMP schemes or too much reliance on outer loop at the transmitter could negate and reduce CoMP gains from timely and accurate CQI feedback and any implementation specific receiver enhancements like non-linear MIMO receivers (including maximum-likelihood (ML)/sphere decoding or successive interference cancellation (SIC) type receivers).

The CQI definition is also dependent on the flexibility of configuration of new interference measurement resources for Release-11 [8]. It is however reasonable to assume such resources will enable the measurement of the interference arising from outside the configured CoMP measurement set for a particular UE. The CoMP measurement set may be the same as the set of configured CSI-RS resources to a UE.
Observation

New interference measurements resources should allow measurement of interference outside CoMP measurement set.
With this assumption, the following options can be considered for CQI definition. 
2.1. Per-CSI-RS-resource CQI with total Interference

In this case, the CQI captures the total interference from all the transmission points other than the hypothesized transmission point. If we represent Ω as the set of all CSI-RS resources configured (or measurement set) for a UE, CQI for CSI-RS resource i can be written as follows,
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where f(h,I) simply represents CQI computed with channel h and interference power I.  The definition is somewhat similar to the currently defined single cell CQI based on CRS in release-10, though a UE may be required to perform measurements on one or more CSI-RS and potential new interference measurement resources.
With this definition, CQI can be used as it is for DPS type of scheduling schemes. It may not be suitable for supporting JT transmission on the other hand (with same set of streams from different points), since at least one of the CQIs may be too low to combine effectively. For example, in case a UE sees two dominant transmission points with much lower residual interference otherwise, the individual CQIs may be rank-1, while the JT could support rank-2 transmission. 
2.2. Per-CSI-RS-resource CQI with Interference outside the reporting set

In this case, we consider the reporting set as the set of one or more CSI-RS resources that may be configured for per-CSI-RS resource CSI reports. Let us consider that 
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may be configured as reporting set. The CQI is then defined as follows excluding the interference corresponding to the reporting set,
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For prediction of JT-CQI, the per-CSI-RS-resource CQIs in the reporting set can be combined more effectively and it is also easier to align the rank of per-CSI-RS resource CQIs with that of JT-CQI without losing CQI accuracy. Further the CQI can also be used for DPS/DB support.
2.3. Per-CSI-RS-resource CQI with Interf. outside the measurement set

The CQI includes only the interference outside the measurement set,
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Computing CQI this way may reduce UE complexity, since it could eliminate the need to include any interference arising from within the measurement set (i.e, using non zero power CSI-RS based channel measurements) and can be supported by a single interference measurement. On the other hand, the CQI reported may be too high and CQI prediction is always needed to account for residual interference within the reporting set. For JT, CQI prediction would require combining both channel and interference components which could further reduce CQI accuracy.
2.4. Aggregate CQI for two or more transmission points
The CQI is computed assuming joint transmission from two or more transmission points (say TPi and TPj) in the reporting set. 
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The aggregate CQI is desirable for JT transmission, in particular since CQI prediction for higher ranks may be more sensitive to receiver implementation. However, aggregate CQI would increase overhead, especially if each of the individual per-CSI-RS resource CQIs are also reported, which may be needed for DPS support.

3. Comparison of different CQI definitions
Here we summarize the suitability of different CQI definitions to the individual CoMP schemes.

Table 1. Suitability of CQI definitions options for different CoMP schemes.

	CQI Definition
	DPS
	DB/CB
	JT

	Option 1: Per-CSI-RS resource CQI with total Interference 
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	Exact reference
	Prediction with 

potential rank constraint; 
need to modify interference
	Prediction with 

potential rank constraint; need to modify interference

	Option 2: Per-CSI-RS resource CQI with Interference outside the reporting set 
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	Prediction with potential  rank constraint if no muting is supported;
need to modify interference
	Exact reference for DB. Good approximation for CB
	Prediction with better rank alignment

	Option 3: Per-CSI-RS resource CQI with Interference outside the measurement set 
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	CQI may be too high
	CQI may be too high
	CQI may be too high

	Aggregate CQI 
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	Not needed
	Not needed
	Exact reference


Clearly, the individual CQI definitions may be more aligned to different set of CoMP schemes. Option 2 (per-CSI-RS resource CQI with interference outside the reporting set) could support DPS+DB and JT schemes with good accuracy, while aggregate CQI is beneficial in some cases [9]. Further, selection between Options 1-3 can be configured by a change to interference reference.
Proposal
Define Per-CSI-RS resource CQI assuming blanking of one or more or none of the significant cells (transmissions corresponding to one or more configured CSI-RS resource). 
· The interference reference may be configurable – e.g., total, outside of a reporting or measurement set.
Aggregate CQI can be configured when a UE is expected to be scheduled with JT.
4. Conclusions
Based on the discussion, we propose the following for CQI definition for CoMP:
New interference measurements resources should allow measurement of interference outside CoMP measurement set.
Define Per-CSI-RS resource CQI assuming blanking of one or more or none of the significant cells. 
· The interference reference may be configurable – e.g., total, outside of a reporting or measurement set.
Aggregate CQI can be configured when a UE is expected to be scheduled with JT.
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