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1 Introduction

The agreements until RAN1#67 on CoMP CSI feedback are as follows [1]:

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.

Since whether to support per-cell Rel-8 CRS-based feedback for CoMP has not been decided in RAN1 yet, we will discuss this issue in this contribution.
2 Per-cell Rel-8 CRS-based feedback for CoMP
In this contribution, we will investigate the feasibility of per-cell Rel-8 CRS-based feedback for CoMP from the perspectives of measurement and demodulation only, while the issues related to feedback signaling, such as CSI reporting and DCI, etc. are not discussed. According to some contributions for RAN1#67 [2][3][4][5][6], there are two possible alternatives for implementing per-cell Rel-8 CRS-based feedback for CoMP concerning measurement and demodulation:
· Alt-1: CSI-RS based measurement and CRS based demodulation;

· Alt-2: CRS based measurement and demodulation.
2.1 CSI-RS based measurement and CRS based demodulation
As observed in [2][3][4], the CoMP gain under 2-Tx antenna configuration is rather limited due to additional overhead of DM-RS. Nonetheless, it is noted that this issue could be improved for 4-Tx antenna configuration, since it provides higher beamforming gain and potentially results in higher CoMP gain.
In our view, however, CSI-RS based measurement and CRS based demodulation claimed by [3] should not be viewed as a pure “per cell Rel-8 CRS-based feedback” scheme, since CRS based demodulation does not necessarily conflict with the principle of CSI-RS based feedback. Recall that in TM9 we use CSI-RS based measurement and DMRS-based demodulation. Compared with TM9, using CRS-based demodulation is just another way for demodulation which does not have much impact on measurement and feedback. Thus, it is more reasonable to consider this hybrid scheme belongs to the category of CSI-RS based feedback.
Proposal 1: The combination of CSI-RS based measurement and CRS based demodulation for CoMP should be discussed in the category of CSI-RS based feedback.
Note that the combination of CSI-RS based measurement and CRS based demodulation is not supported in any legacy Transmission Mode (TM). Thus, a brand new TM or an extension of a legacy TM should be defined for this case. Taking into account the standardization efforts, the extension of a legacy TM, for example extending TM4 with CSI-RS based measurement [3], appears to be a more straightforward way than defining a brand new TM. In this case, the CQI definition and relevant signaling need to be extended for supporting the CSI-RS based measurement in TM4. In fact, some investigations have been conducted for exploring the possibilities of TM3/4-based CoMP [5], while others also consider CA-based framework CoMP [7]. It is possible that CRS based demodulation can be used for TM4-based CoMP, but there are some non-trivial problems, for instance the CRS-PDSCH collision, etc. For TM3, in our view, the gain of CoMP is not high due to lack of beamforming gain, so TM3-based CoMP should not be supported. We propose that:
Proposal 2: The combination of CSI-RS based measurement and CRS based demodulation could be supported, if issues such as CRS interference and lower CoMP gain for 2-Tx antennas configuration etc. can be solved.
2.2 CRS based measurement and demodulation
CRS based measurement and demodulation for CoMP [6] may be considered as an extreme case in which no CSI-RS is available. This alternative helps to save more overhead compared with the hybrid scheme of CSI-RS based measurement and CRS based demodulation. However, it causes the measurement issues detailed below.

As pointed out in [8], the CRS based measurement scheme has some open issues. For example, it needs CRS shifting and PDSCH muting for mitigating the interference due to CRS-CRS or CRS-PDSCH collisions. As discussed in [9], the CRS-CRS interference results an over-pessimistic CQI, which unnecessarily degrades the achievable system performance. To mitigate that, CRS shifting could be applied. At the same time, the corresponding PDSCH REs that have collisions with the shifted CRSs need to be muted for mitigating the CRS-PDSCH interference, i.e. using Tx-based CRS interference cancellation (CRS-IC) methods. However, the muting of PDSCH REs greatly increases the overhead. Even with implementing the rate-matching at transmitter side, the gain of CRS-IC still needs to be justified due to reduced redundancy which may degrade the link-level performance, especially for high MCS [10]. Similarly, CoMP gain also needs to be justified when Tx-based CRS-IC is implemented. Furthermore, as mentioned in [8], the CRS based multi-cell measurement was finally replaced by the CSI-RS based mechanism during the discussion phase of Rel-10 due to the many drawbacks of CRS based measurement. In fact, the following conclusions have been reached at the RAN1#67 meeting [1]:

·  Interference measurements using CRS REs alone are not satisfactory for Rel-11.

Hence, if the CRS based measurement is adopted for employment in interference measurement for CoMP, we have to find additional REs in order to satisfy the IM requirements of Rel-11 CoMP. Clearly, this will increase the RS overhead.
Proposal 3: CRS based measurement should not be supported in CoMP.

In addition, as mentioned in [8], if per-cell Rel-8 CRS based feedback is supported, we will have to implement both CSI-RS based and CRS based schemes, since it has been agreed in current working assumption that at least one of the first 3 schemes stated in Section 1 must be supported. Such a dual-mode mechanism would double the standardization efforts and thus is not preferred.
Based on the above analysis, we suggest that per-cell Rel-8 CRS based feedback should be deprioritized in Rel-11. Therefore, we propose that:
Proposal 4: The per-cell Rel-8 CRS-based feedback should be precluded from or at least deprioritized for CoMP.
3 Conclusion
In this contribution, we discuss the per-cell Rel-8 CRS based feedback and arrive at the following suggestions:
Proposal 1: The combination of CSI-RS based measurement and CRS based demodulation for CoMP should be discussed in the category of CSI-RS based feedback.
Proposal 2: The combination of CSI-RS based measurement and CRS based demodulation could be supported, if issues such as CRS interference and lower CoMP gain for 2-Tx antennas configuration etc. can be solved.

Proposal 3: CRS based measurement should not be supported in CoMP.

Proposal 4: The per-cell Rel-8 CRS-based feedback should be precluded from or at least deprioritized for CoMP.
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