3GPP TSG-RAN WG1 Meeting #66bis
R1-113171
Zhuhai, China, 10th – 14th October 2011

Agenda item:

7.5.2
Source:
Renesas Mobile Europe Ltd.
Title:
On CSI feedback for multi-point transmission
Document for:

Discussion and decision
1 Introduction

In the RAN#53 meeting, the coordinated multi-point (CoMP) operation work item (WI) [1] was approved to be prioritized in Rel-11 timeframe. During RAN1#66 there were extensive discussions over what types of feedback should be studied in DL MIMO SI while avoiding overlap with CoMP SI/WI. These discussions continued over the RAN1 reflector while few interesting points on the configurability of feedback for single and multi-point transmission have been expressed. In this paper we extend some of our views with respect to multi-point CSI feedback, essentially providing views on whether aggregated multi-point feedback should be studied/specified in addition to per-point feedback.
2 On terminology
From the very beginning we would like to clarify the terminology which is used in the following. During the editing of the CoMP TR document, it was agreed to refer to a set of co-located antennas with the term point, what has been typically known as a cell in earlier RAN1 discussions. The new terminology of point was needed because of the new HetNet scenarios which may be operated with single cell ID and where a differentiation was needed as multiple points, corresponding to RRHs, are present in one cell, hence the case of distributed antennas. The CoMP TR states that:
· Point: Set of geographically co-located transmit antennas. Note that sectors of the same site correspond to different points.
The former terminology of cell refers to geographically co-located antennas, from this perspective; it should be common understanding that point is referred now as the former cell. 

CoMP feedback discussions date back to LTE-Advanced study item, and already in RAN1#58 the following was agreed as a way forward:
· Individual per-cell feedback is the baseline for schemes that need feedback
· Complementary inter-cell feedback might be needed

This way forward was a conclusion of a discussion related to CoMP feedback framework, e.g. whether CoMP should be based on per-cell or aggregated feedback. One of the main reasons was to allow common feedback framework for single-cell and multi-cell transmissions (more generally single-point and multi-point), and in this way for example allow single-cell (generally single-point) fallback.
3 Feedback for multi-point transmission

As mentioned, after RAN1#58 the main change in the scenarios for feedback was that the concept of distributed antennas with a shared cell ID was adopted. However, as will be further discussed, this new scenario (scenario 4) seems to be well supported with current assumption of individual per-cell/point feedback. 

We would like to emphasize that feedback will anyway in practice be transparent across scenarios in terms of specifications, meaning that there should be no particularities of for example scenarios 3 and 4. Since per-cell/point feedback would likely be standardized, it seems highly questionable what the benefit of having additional feedback schemes would be. On the other hand this would increase standardization effort significantly and very likely end up in standardized schemes that would never be used in practical deployments. Hence, we view aggregated feedback as an additional technique on top of per-point feedback. Having such extra schemes serving essentially the same purposes should be very well justified.
During the e-mail discussion on DL MIMO SI after RAN1#66, one aspect of per-point versus aggregated feedback was mentioned to be configurability of CSI-RS. However it seems that the CSI-RS configurations can be specified such that per-point feedback is possible in all scenarios:
· In scenario 3, there would be multiple CSI-RS pattern configurations as CSI-RS patterns are configured per cell, along with RE muting. CSI feedback needs to be reported per CSI-RS pattern, hence per point. 
· Scenario 4 contains multiple points, the difference to scenario 3 being the single cell ID across the points. However the UE may still get an indication of CSI-RS pattern per point, i.e. multiple CSI-RS configurations, only each of them being linked to the same cell ID. Alternatively, there would be the possibility of configuring one CSI-RS pattern for multiple points which can still naturally be done and especially might be used for Release 10 UEs in standard-transparent manner. However whether any additional feedback scheme is particularly optimized for the case of having one CSI-RS pattern for multiple points is a separate issue.
Observation:

· Also in scenario 4, one CSI-RS configuration per point may be utilized for per-point feedback purposes.

The following advantages/disadvantages of single / multiple CSI-RS configurations may be thought of: 

CSI-RS configuration per point (multiple configurations):
* Follows the scenario 3 principles and keeps simple operation of feedback mechanism across all scenarios.
* Allows flexible operation of CSI-RS in terms of how many ports may be configured for one UE. 

* Exploits efficiently the designed codebook properties. For example 2 points having 4Tx antennas can be efficiently form an 8Tx precoder. 

CSI-RS configuration for multiple points (single configuration):

* In previous example of 2 points having 4Tx, aggregated feedback means utilizing an 8 Tx codebook. However, the 8Tx codebook design had closely spaced antennas as design baseline while in this case we have distributed antennas, hence significant performance degradation is expected, or alternatively new codebook needs to be designed implying typically very high standardization effort.
* Less flexible configuration as CSI-RS patterns need to match the existing 2, 4, 8Tx codebooks, not all being designed for distributed antennas (alternatively one needs to design codebooks for example for 3, 5, 7 Tx antennas). Moreover, as this is a transparent CoMP operation through one CSI-RS pattern, it means power imbalanced points will be mapped to same CSI-RS pattern, complicating CSI feedback design.

* Fallback to single-point transmission is sub-optimal with mapping of CSI-RS ports for multiple transmission points since the feedback is optimized jointly for multi-point transmission rather than per-point transmission.

Per point feedback brings several advantages. CSI-RS pattern configuration is done in flexible way while the computed CSI feedback may be applied also in a flexible manner with respect to any scenarios. Aggregated feedback limits the feedback utilization for multi-point transmission, hence complicating the fallback mode to per point transmission. More specifically, the aggregated feedback limits the user in JT mode for the aggregated points while not allowing other scheduling possibilities like DPS/CS. Most importantly, per-point feedback has been the baseline scheme since RAN1#58 for those scenarios where a point actually corresponds to a cell. The new scenario 4 does not seem to bring any reasons to deviate from this baseline.
4 Conclusion
In this contribution we have discussed per-point versus aggregated feedback for CoMP. Since per-point CSI feedback would anyway be specified, we see no motivation to pursue additional standardization of aggregated feedback. In fact it would be rather unfortunate to end up with multiple feedback schemes for the same purpose. Hence our proposal would be to generalize the agreement from RAN1#58 to points instead of cells, and at the same time preclude aggregated feedback from Release 11:
Proposal: 

· Individual per-point feedback is baseline for CoMP.

· No aggregated feedback across points will be specified.
From CSI-RS configuration perspective this means that multiple CSI-RS configurations need to be allowed with the same cell ID.
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