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1 Introduction

The agreements until RAN1#68 for CoMP CSI feedback are summarized as follows:

Definition: “CSI-RS resource” here refers to a combination of “resourceConfig” and “subframeConfig” which are configured by higher layers.

Working assumption from RAN1#66bis:

· 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. 

Agreement from RAN1#67:

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

Although per-CSI-RS-resource feedback is agreed, the details of per-CSI-RS-resource feedback remain open. We will discuss this issue in this contribution.
2 Feedback modes of per-CSI-RS-resource feedback
2.1 Overview of CoMP procedure
For facilitating our discussions, let us first have a brief outline of the CoMP procedure. Before configuring CoMP measurement set, eNB should decide the following parameters:

· The need of restricted-rank reporting;

· The need of inter-TP phase feedback;

· The need of dynamic clustering reporting;

· CoMP UE selection/grouping.
After CoMP is enabled, some interactive operations will be needed for eNB and UE, including but not limited to:

· UE: Dynamic clustering reporting, if configured;
· UE: RI/PMI/CQI reporting;
· eNB: Clustering based on reporting;
· eNB: Scheduling based on reporting;
· etc.

2.2 Periodic per-CSI-RS-resource feedback

2.2.1 PUCCH format
There are two alternatives for periodic feedback, namely ‘multi-shot’ and ‘one-shot’ feedbacks, as described in [1]:

· Alt-1: Reuse Rel-10 PUCCH format. In this case, each per-TP feedback may have different feedback period configurations.
· Alt-2: Extend Rel-10 PUCCH format to accommodate multiple per-TP feedbacks in the same subframe. In this case, all per-TP feedbacks share the same period configuration.

From perspective of standardization impact, Alt-2 needs lots of new PUCCHs as many as legacy PUCCHs for CSI reporting, as all types of CSI reporting will have to be updated repeatedly to contain extra PMIs. This imposes large standardization efforts in Rel-11 timeframe. But for Alt-1, standardization efforts can be significantly lower, since the existing Rel-10 PUCCH format can be reused.
One may argue that Alt-1 may increase the period of a complete CoMP reporting, since eNB has to wait until feedbacks for all feedbacks for cooperating TPs are reported by UE. But this may be only a trivial issue, as the minimum CSI-RS period of 5ms allows UE to report multiple per-TP feedbacks between two consecutive channel measurements. Moreover, one complete measurement should include not only the estimation of desired channels but also the overall interference measurement. Since in Alt-1 the desired channels and the interference measurement may use non-zero-power CSI-RS and zero-power CSI-RS which do not coexist in the same subframe, the time period of one complete measurement will be doubled. Thus, UE will have more time to report all per-TP feedbacks within the interval of two successive complete measurements.
Hence, we prefer Alt-1 to be the solution to periodic per-CSI-RS-resource feedback.

Proposal 1: Each per-CSI-RS-resource feedback is carried in PUCCH defined for Rel-10.
2.2.2 Feedback in case of per-TP CQI

Following the Rel-10 mechanism, the per-TP CQI and per-TP PMI can be reported together as a pair. Such a paired per-TP PMI/CQI can be supported by reusing Rel-10 PUCCH format for mitigating standardization impacts.
2.2.3 Feedback in case of aggregated CQI

For aggregated CQI, JT and CS/CB have the similar PMI feedback, i.e. multiple PMIs each of which corresponds to one CSI-RS-resource. Since the aggregated CQI feedback allows just one CQI in a feedback, while each TP needs a specific PMI in JT or CS/CB, more PMIs than CQI need to be reported. Since presenting Rel-10 only one PMI can be paired with one CQI, we need to define a new reporting format that only contains PMI for resolving the above issue.

Proposal 2: Define a new reporting format that only contains PMI.

For DPS, on the other hand, only one PMI is needed, which reflects the TP-ID associated with the strongest received power. The TP-ID can be reported explicitly or implicitly. For the explicit feedback, it can be derived by ordering the TPs in the cooperating set. For the implicit feedback, the TP-ID will be linked to the specified reporting ‘time-slot’. As explicit TP-ID reporting increases overhead and needs more standardisation efforts, we slightly prefer implicit TP-ID reporting.
Proposal 3: Implicit TP-ID reporting for DPS is preferred.

2.3 Dynamic switching for aggregated CQI

2.3.1 Dynamic switching among CoMP schemes

For aggregated CQI feedback, multiple CQIs are needed to support dynamic switching among CoMP schemes. It has been pointed out that SU-JT and DPS have a natural connection in terms of CSI feedback. More specifically, both can coexist under a common scheduling method, where transmission combination and selection are transparent operations.
However, the principle of CS/CB is based on beam coordination that is very different from that of SU-JT and DPS. This leads to different implementation strategies for CS/CB and JP (including JT and DPS), respectively. On the other hand, if the backhaul is capable of supporting the data exchange among TPs for enabling JT and DPS, it does not create value to enable CS/CB which does not require exchanging of data. Further, from perspective of feedback overhead, too many schemes for switching will cause too many CQIs each corresponding to one scheme. The required overhead in this case may be prohibited.
Proposal 4: The dynamic switching between SU-JT and DPS can be supported, but it is not necessary to support switching between CS/CB and JP.

2.3.2 Fallback to non-CoMP

For aggregated CQI feedback, how the CQI reporting falls back to non-CoMP is still an open issue as mentioned in [2]. Actually, a typical DPS deployment implies that the backhaul has enough capability for data exchange [3]. Thus, any TP in the cooperating set may be configured as the ‘data-serving’ TP such that the macro-diversity gain can be achieved. Therefore, it may not be necessary to fall back from DPS to non-CoMP. When CS/CB is employed, however, fallback to non-CoMP should be supported.

Proposal 5: It would be beneficial to support two fallback options for CoMP:

· Fallback from JT to DPS, if DPS is employed; otherwise, fallback from JT to non-CoMP;
· Fallback from CS/CB to non-CoMP.

From above discussions, we can see that supporting the dynamic switching between at most two schemes (possibly including non-CoMP) in the context of aggregated CQI can be standardized. Thus we propose:

Proposal 6: For aggregated CQI, the dynamic switching between at most two schemes (possibly including non-CoMP) should be supported.
3 Other issues
3.1 Discussion on rank restriction

RI reporting is also a topic for feedback mode discussions. Common and/or restricted rank for CoMP were proposed in [4] [5] [1]. It is a common sense that CoMP is an efficient technique for coordinating the inter-cell-interference (ICI) which dramatically impacts the performance of cell-edge UEs. Therefore it is reasonable to assume CoMP UEs are typically at the cell edge and should be rank-restricted. However, the non-CoMP UEs especially those located in the cell center do not need to be rank-restricted. Otherwise, the average cell throughput will largely decrease due to lack of spatial multiplexing gain. Thus, in the following discussions, we assume that only CoMP UEs may be rank-restricted.

3.1.1 Need of a common rank for SU-JT

For SU-JT, there are three transmission alternatives related to number of layers, as shown in Fig. 1:

· Alt-1: The different TPs have the same DM-RS ports;
· Alt-2: The different TPs do not have the same DM-RS ports;
· Alt-3: Combination of of Alt-1 and Alt-2.
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Fig. 1: Alternatives for SU-JT.
Alt-1 makes full use of SU-JT principle, i.e. transmission signal combining, while Alt-2 seems partly violating this principle, since different layers from different TPs will cause inter-layer interference from different TPs. More discussions on Alt-1 and Alt-2 can be found in [6]. Alt-3 combines Alt-1 and Alt-2. In Alt-3, the different layers from different TPs suffer the inter-TP interference, while the same layer from different TPs have CoMP gain. Alt-3 has shown a promising performance in [2].

It is not sure that whether Alt-2 can be considered as a SU-JT case, since it violates the CoMP principle. We can recall that CoMP gain comes from mitigating the interference at cell edge. In this case, no SU-JT gain can be achieved, but the spatial multiplexing gain may be attainable if SINR is still high enough. Since this alternative requires quite some standardization efforts, we suggest that it is precluded from CoMP in Rel-11.

From the analysis above, Alt-3 shows that the uncommon-rank case is still a feasible SU-JT scheme and the CoMP gain can still be achieved. However, to ensure the achievable CoMP gain at least one layer should be coordinated in Alt-3.

Observation 1: For SU-JT, the common rank is not necessary, and at least a layer with the same DM-RS port between the cooperating TPs is needed.

3.1.2 Need of common rank for other CoMP schemes

From analysis in the previous section, we can see that a common rank for SU-JT is not necessary. However, for CS/CB, which is essentially a single TP transmission scheme, the reported rank can be useful for eNB. For DPS, the similar observation holds.
Observation 2: For CS/CB and DPS, a common rank is not necessary.
3.1.3 Advantages of restriction to low rank

It is advantageous to support rank restriction for CS/CB by limiting it to low rank. In this case, the mismatch between reported and re-calculated CQIs at eNB could be reduced, since the PMI with low rank will approximate to principle eigenvector more accurately. On the other hand, restriction to low rank helps to maximize the reliability of CoMP transmissions. Since CoMP UEs typically suffer severe ICI, it is not so realistic that high-rank transmission is feasible in most low-SINR scenarios. Finally, such a restriction reduces the CSI reporting overhead and computational complexity of UE, which in turn reduce scheduling complexity at eNB.

Based on the studies above, we can see that the impact of rank restriction is different for different CoMP schemes and for different interference levels. Therefore, we propose:
Proposal 7: Whether the rank is restricted should be decided by eNB.

3.2 Definition of interfering-TP PMIs for CS/CB

In general, the interfering-TP PMIs for CS/CB provide spatial channel information of interfering TPs. There are at least two alternatives of definition for interfering TP PMIs:

· Alt-1: Interfering-TP PMIs indicate Channel Direction Information (CDI) which shows the strongest interference;
· Alt-2: Interfering-TP PMIs indicate the best-companion PMIs which impose the weakest interference.

Most CS/CB algorithms based on channel covariance assume Alt-1. However, Alt-2 can support robust algorithms that consider CS/CB as a UE-pairing operation. As it is the common sense that best-companion methods are efficient for MU-MIMO which also requires UE-pairing operations, Alt-2 may be expected to perform efficiently for CS/CB as well. The open issue is that these two definitions are opposite to each other, and hence CoMP UEs must know which definition will be used at eNB. Otherwise, there will be an IOT issue which invalids CS/CB transmissions. Therefore, we propose:

Proposal 8: The definition of interfering-TP PMIs for CS/CB should be explicitly agreed in Rel-11.

4 Conclusion
In this contribution, we discuss various issues related to the feedback mode of per-CSI-RS-resource reporting. Our recommendations are as follows:
Proposal 1: Each per-CSI-RS-resource feedback is carried in PUCCH defined for Rel-10.

Proposal 2: Define a new reporting format that only contains PMI.

Proposal 3: Implicit TP-ID reporting for DPS is preferred.

Proposal 4: The dynamic switching between SU-JT and DPS can be supported, but it is not necessary to support switching between CS/CB and JP.
Proposal 5: It would be beneficial to support two fallback options for CoMP:

· Fallback from JT to DPS, if DPS is employed; otherwise, fallback from JT to non-CoMP;

· Fallback from CS/CB to non-CoMP.

Proposal 6: For aggregated CQI, the dynamic switching between at most two schemes (possibly including non-CoMP) should be supported.

Proposal 7: Whether the rank is restricted should be decided by eNB.
Proposal 8: The definition of interfering-TP PMIs for CS/CB should be explicitly agreed in Rel-11.
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