3GPP TSG RAN WG1 Meeting #68bis
R1-121239
Jeju, Korea, March 26th – 30th, 2012
Agenda item: 

7.5.1.5
Source: 

Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title: 



CQI definition for CoMP
Document for: 

Discussion and Decision
1. Introduction
One of the important questions for the WI for CoMP is whether the definition of the CQI feedback should be modified for CoMP. The following is stated in [1]:
· 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)

The definition of the CQI is closely related to the PMI feedback. 
In RAN1#66bis, the following working assumption on the CSI feedback was agreed:
· Standardise a common feedback/signalling 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. 

In RAN1#67, the following was agreed:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.
In this contribution, we share our consideration about the CQI definition for CoMP, and propose a CQI definition which can support both single-point MIMO and various DL CoMP schemes.
2. CoMP specific CQI
CQI is conditioned on several parameters, including RI, PMI and the transmission mode assumed for the PDSCH in the CQI reference resource. It is not yet clear whether a new PDSCH transmission mode would be introduced for CoMP, but in any case the value of CQI derived by the UE would depend on its assumption regarding single-point transmission or CoMP transmission (whether CS/CB or JT). 
It is not feasible to expect the UE to feed back multiple CQI values, each corresponding to a different combination of these assumed parameters – this would mean considerable CQI calculation complexity at the UE side and uplink feedback overhead. 
Any mismatch between the assumed/conditioned parameters at UE side and the actual parameters eventually used at eNB side will also affect the applicability of the reported CQI. Interference uncertainty in the real world also makes it difficult to have an accurate CQI. Nevertheless, without modifying the Rel-10 CQI definition, it might be possible in some cases for the eNB to adjust the CQI feedback received to match the actual transmission mode via some kind of open-loop adaptation. 
Considering these issues, RAN1 should decide if a CoMP specific CQI is needed in Rel-11. 

Proposal 1: The baseline should reuse Rel-10 single-point CQI feedback framework. Before considering detailed design of CoMP specific CQI, it should be decided whether or not a CoMP specific CQI is valuable to be defined in Rel-11. The decision should be based on the performance gains from CoMP specific CQI, the feedback overhead and implementation complexity.
In order to have attractive performance gain from CoMP, it is likely that there will be dynamic switching between single-point transmission and CoMP. This requires that the CQI feedback design should allow the eNB to reconstruct the single-point CQI and multi-point CQI. The CQI feedback should therefore support both single-point transmission and CoMP.
Observation: CQI needs to support both single-point transmission and CoMP.
3. Minimizing the CQI feedback overhead for DL CoMP
With per-CSI-RS-resource feedback, per-CSI-RS-resource CQI value is naturally associated with each per-CSI-RS-resource PMI value. The per-CSI-RS-resource CQI values would naturally assume transmission only from the antenna ports corresponding to one particular CSI-RS resource. 

If additional inter-CSI-RS-resource feedback is provided, an associated aggregated CQI value could also be fed back, conditioned on all the per-CSI-RS-resource PMIs and the inter-CSI-RS-resource phase alignment. This would be appropriate for JT. 
When considering how to feed back multiple CQI values to support CoMP, it is important to consider how to minimise the overhead. 
3.1. Per-CSI-RS-resource CQI feedback at the UE
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Figure 1 Two-stage CQI feedback for per-CSI-RS-resource CQI feedback
It is likely that it is sufficient to feed back just one absolute CQI value, while the other CQI values are fed back as differential delta-CQIs. The single absolute CQI could be the wideband CQI for a single selected CSI-RS-resource. 
The definition of this CQI could simply reuse the Rel-10 single-point CQI definition to capture the channel quality from its specified point. 

The absolute CQI value could typically correspond to the serving or primary transmission point of the UE. 

The additional individual per-CSI-RS-resource short-term CQI values could be fed back differentially with respect to the single absolute value. 
Individual per-point differential CQI could simply reuse the Rel-10 CQI definition. One differential CQI should be fed back for each configured CSI-RS-resource in the measurement set. 
Proposal 2: Only one absolute CQI value needs to be supported. Individual per-CSI-RS-resource CQI values for each CSI-RS-resource in the measurement set should be signalled differentially with respect to the absolute value, to save overhead. 
In view of the relatively high overhead of providing feedback for multiple CSI-RS resources, it may be possible to reduce the overhead further by feeding back the wideband CQI values less often, as long-term averages. A possible method for doing this is provided in the Annex. 
Proposal 3: Further study if deriving the interference term of the CQI considering only interference from outside the measurement set is really better than considering all signals as interference apart from the measured CSI-RS resource. The latter option would have the benefit of being able to support dynamic switching between SU-MIMO, MU-MIMO and CoMP. 
3.2. Aggregated CQI feedback at the UE
Aggregated CQI is CQI corresponding to multiple CSI-RS resources, and is especially beneficial to CoMP JT. For example, for CoMP JT, the aggregated CQI could be derived based on all the aggregated channels observed from the configured non-zero power CSI-RS resources in the cooperating set. 
The same differential CQI feedback mechanism as outlined in Section 3.1 for per-CSI-RS-resource CQI could be used also for the aggregated CQI feedback. In this case, one absolute long-term CQI and the differential short-term CQI with respect to this absolute CQI will be fed back.
The absolute CQI value used as the reference could be one of the per-CSI-RS-resource CQI values, such as that for the first configured non-zero-power CSI-RS resource of the UE, or the wideband aggregated CQI for all configured non-zero power CSI-RS resources. The benefit of using one of the per-CSI-RS-resouce CQI  values as the absolute reference is that even the wideband aggregated CQI value can be differential and therefore more overhead reduction is possible. On the other hand, using the wideband aggregated CQI value as the reference keeps the aggregated CQI reporting self-contained. 
Proposal 4: The aggregated CQI for aggregated CSI-RS-resources in the CoMP cooperating set should make use of differential signalling with respect to an absolute CQI value, to save overhead.Either the wideband per-CSI-RS-resource CQI of the first configured non-zero-power CSI-RS resource of the UE, or the wideband aggregated CQI, may be considered as the absolute reference. 

If the absolute CQI value corresponds to the first configured CSI-RS resource of the UE, the wideband CQI could be directly used as the absolute CQI for aggregated CQI feedback. Alternatively, the absolute CQI could be the wideband aggregated CQI. In this case, an additional absolute CQI feedback is needed for the aggregated CQI feedback.
 
Aggregated CQI feedback could improve the CQI estimation accuracy at the network side for a specific joint transmission scheme. However, the transmission scheme selected at the network side may be different from the specific one assumed by the UE in deriving the CQI. If the network side chooses another transmission scheme, there would be mismatch between the aggregated CQI fed back and the actual CQI. In this case, per-CSI-RS-resource CQI feedback would become better choice because the aggregated CQI for each transmission scheme could be derived individually based on the per-CSI-RS-resource CSI feedback and/or additional inter-CSI-RS-resource phase information. The aggregated CQI also could be derived at the network side based on the feedback information above.

 Observation: The per-CSI-RS-resource CQI/PMI feedback and/or inter-CSI-RS-resource phase feedback could be applied into the derivation of the aggregated CQI at the network side.
4. Summary

In this contribution, we discuss the CQI feedback method for DL CoMP and make the following proposals:

Proposal 1: The baseline should reuse Rel-10 single-point CQI feedback framework. Before considering detailed design of CoMP specific CQI, it should be decided whether or not a CoMP specific CQI is valuable to be defined in Rel-11. The decision should be based on the performance gains from CoMP specific CQI, the feedback overhead and implementation complexity.
Proposal 2: Only one absolute CQI value needs to be supported. Individual per-CSI-RS-resource CQI values for each CSI-RS-resource in the measurement set should be signalled differentially with respect to the absolute value, to save overhead.
Proposal 3: Further study if deriving the interference term of the CQI considering only interference from outside the measurement set is really better than considering all signals as interference apart from the measured CSI-RS resource. The latter option would have the benefit of being able to support dynamic switching between SU-MIMO, MU-MIMO and CoMP.
Proposal 4: The aggregated CQI for aggregated CSI-RS-resources in the CoMP cooperating set should make use of differential signalling with respect to an absolute CQI value, to save overhead.Either the wideband per-CSI-RS-resource CQI of the first configured non-zero-power CSI-RS resource of the UE, or the wideband aggregated CQI, may be considered as the absolute reference. 
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5. Annex – Feedback of long-term and short-term CQI
In order to save overhead, it may be possible to feed back at least the wideband CQI values as long-term averages. A possible method for doing this is provided below. 

5.1. Calculation of long-term wideband CQI

How to derive the long-term wideband CQI is implementation specific. An example is given here for reference. 

The long-term wideband CQI at the UE can be obtained by
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 is the weight coefficient which is normally implementation specific, 
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 is the index of the specified point of the UE for the long-term wideband CQI feedback. The calculation methods of 
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 could be formulated as [2]
Option 1: 
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Option 2: 
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where 
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 is the predicted receive beamformer at the UE side, 
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 is the latest reported long-term wideband CQI if no long-term wideband CQI is reported in current frame. Otherwise, it equals to the latest updated long-term wideband CQI, which will be reported in current frame. Note that 
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For the intereference part of the CQI measurement, we consider two alternatives. In alternative 1, the CQI for the specified point is obtained under the assumption that the interference comes only from outside of the CoMP measurement set. In alternative 2, the CQI for the specified point is calculated based on the consideration of a total interference power from all other points as the interference. Alternative 2 is exactly the CQI definition in Rel-10 for per-CSI-RS-resource CQI feedback, which supports both SU-MIMO and MU-MIMO well. 
CoMP-specific CQI could be derived conditioned on the PMI feedback and the per-point CQI feedback. Therefore, alternative 2 provides flexible switching capability between SU-MIMO, MU-MIMO and CoMP. Alternative does not provide CQI information for single-point MIMO, and thus it is not obvious that it can support switching between SU-MIMO, MU-MIMO and CoMP.

Further study is needed into whether deriving the interference term of the CQI considering only interference from outside the measurement set is better than considering all signals as interference apart from the measured CSI-RS resource. The latter option would have the benefit of being able to support dynamic switching between SU-MIMO, MU-MIMO and CoMP. 
5.2. Calculation of short-term differential CQI

For the short-term differential CQI, we consider following two alternatives

Alternative 1: 
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Alternative 2: 
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where 
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 can be calculated by replacing 
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 by 
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 in (1), (2) and (3).

In Alternative 1, all short-term differential CQI for different transmission points are calculated based on the same 
[image: image36.wmf]l

CQI

. It would be easy to reconstruct 
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 at the serving/transmission points. However, because of power imbalance issue in the CoMP measurement set, the short-term CQI for neighbouring points might be not comparable to the specified point so that the difference has too large a dynamic range. 

In Alternative 2, the short-term per-point differential CQI is calculated based on individual 
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� The wideband aggregated CQI could be obtained by replacing � EMBED Equation.3  ��� in (1) by the aggregated CQI � EMBED Equation.3  ���. � EMBED Equation.3  ��� could be obtained by (2) or (3), where � EMBED Equation.3  ���, � EMBED Equation.3  ��� and � EMBED Equation.3  ��� should be replaced by � EMBED Equation.3  ���, � EMBED Equation.3  ��� and � EMBED Equation.3  ��� respectively. � EMBED Equation.3  ��� is the predicted receive beamformer at the UE side corresponding to the aggregated CQI. � EMBED Equation.3  ��� denotes the aggregated feedback PMI conditioned on the per-CSI-RS-resource CSI feedback and/or additional inter-CSI-RS-resource phase feedback.
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