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1. Introduction
In the pervious #65 meeting, great progress is made on evaluation of CoMP schemes. Final evaluation results of CoMP for phase 1 is discussed and described in TR 36.819. For phase 2, some simulation assumptions are agreed for further evaluation. With the progress being made with the evaluations, we must start considering potential CoMP schemes and how they would affect the specification as a whole and deployments. In this contribution, we discuss potential CoMP feedback structures we should consider for LTE Advanced.
2. Feedback Mechanism for CoMP
With the separation of CSI estimation RS and demodulation RS, we are able to apply non-codebook based precoding at the eNB. With this standard transparent beamforming technology at the eNB, most major consideration for CoMP in the specification is the feedback mechanism. From the various simulations and study from CoMP schemes, it seems the overall feedback granularity needs to be increased in order for CoMP schemes to perform better. This is aligned with the intuition that advanced beamforming techniques will require some higher granularity at the transmission side and this also means higher granularity for the feedback itself. Although there might be various methods of increasing overall feedback granularity for CoMP, we list two potential general feedback structures and discuss different aspects on the two feedback structures. 
The first feedback structure is what we call ‘codebook entry extension’ method. The codebook entry extension method is creating new vectors or matrices in the existing LTE codebook or creating new vectors/matrices for non-existent entries specific for CSCB or JT. In this scheme the feedback itself is quantized to indices of a codebook, in which the codebook itself contains all the information needed to operate CoMP transmission techniques. An example of this would be designing a codebook entry for 6 Tx, where the codebook can be used for three 2 Tx cells performing JT CoMP. The CoMP cells then just take the codebook entry to apply the beamforming needed for CoMP.
The second feedback structure is what we call ‘feedback extension’ method. The feedback extension method is where the UE feedback multiple information components and the eNB processes these multiple information components to operate CoMP transmission techniques. Some detailed example of this approach is given in the Annex of contribution R1-111628 [1]. In the example, each UE calculates multiple CDIs and CQIs corresponding to multiple coordinating transmission points. Specifically, the ith CQI indicates SINR in which a desired signal power comes from the ith CoMP cell and an interference power derives from non-CoMP cells, and the jth CDI represents an effective channel, which means a channel from the jth CoMP cell after applying receiver beamforming. For JT, phase corrector can be needed additionally. This phase corrector information may need to be reported even when per-point CDI is obtained by SRS because SRS reception in a CoMP cluster may not provide accurate phase information among multiple CoMP points due to the difference in the propagation delay, clock drift, etc. By calculating Tx beams and MCS based on those CDIs, CQIs and phase corrector, the networks can dynamically support various CoMP schemes such as CSCB or JT [5]. We note that this feedback extension method is also aligned with “per-point CSI feedback is the baseline” as captured in TR36.819 [6].
There are some pros and cons associated with each of the feedback structures.

Table 1. Pros and Cons of general CoMP feedback structures
	
	Pros
	Cons

	Codebook Entry Extension Method
	- Straightforward application of vectors/matrices to beamforming at the eNB
- CQI computation and estimation can be the same as LTE Release 8


	- Not scalable to various CoMP cell groupings or techniques
- Significant standard work is needed to get the appropriate codebook entries



	Feedback Extension Method
	- Potentially reuse of existing codebook entries is possible
- It can be scalable to various CoMP cell groupings and techniques


	- PMI/CQI definition or estimation methods may need some modification
- Additional processing at the eNB may be needed to either combine the multiple feedback information or transform the feedback information for CoMP beamforming

- Inaccurate calculation of CoMP beamforming matrix and MCS level at the eNB is possible


The pros and cons listed above are just general comments for each of the feedback method and there might be other various advantages and disadvantages depending on what the exact schemes are. One additional note we would like to make is that there also might be CoMP feedback method which are hybrid of the codebook entry extension method and feedback extension method. Although we should not preclude a particular CoMP feedback method during the study item, we should start consider what kind of approach is best suitable for initial specification of CoMP for LTE Advanced.
From our perspective the initial specification of CoMP for LTE Advanced should be feedback mechanism which can be easy to extend in the future releases and is easily scalable. During the study item of CoMP, we have only started touch upon few of the useful deployment scenarios for CoMP (four CoMP scenarios has been identified so far), and we may find even more complex deployment scenarios and various cell configurations in which CoMP will be beneficial. From this perspective scalability of the CoMP feedback mechanism should be the first consideration when adopting a CoMP feedback scheme for LTE Advanced in order to make CoMP technologies applicable to various scenarios. For example, if each transmission point is associated with its own CSI-RS configuration, then the feedback extension method enables a CoMP UE to report CoMP CSI in a way transparent to the details of the network configurations, e.g., whether the network is homogeneous or heterogeneous, whether the cell ID of the points in a CoMP cluster is the same or different, and so on. Furthermore, it is needed to introduce common CSI feedback information scalable to various CoMP schemes since it makes available dynamic selection among various CoMP schemes at network side with low feedback overhead. As a UE calculates and reports common CSI feedback information not only for a specific CoMP scheme, a network can determine the best CoMP scheme optimized to current network situation by manipulating the CSI information. It will improve overall CoMP gain due to the increasing degree of freedom to select CoMP schemes the network has as did in dynamic change between SU-MIMO and MU-MIMO in Rel-10. In this sense, a feedback extension method is more suitable than a codebook entry extension method. 
3. Conclusion

We have conducted evaluations for CoMP [1][2][3][4], and it seems there are potential benefits from CoMP technology and we ask companies to start considering feedback mechanisms for CoMP and which approaches the RAN1 as group should take. In general we believe in first starting with CoMP feedback techniques which are robust to scalability issues regarding various CoMP scenarios, CoMP cell grouping methods, and CoMP transmission schemes. The feedback extension methods we discussed, seems to be good start point of discussions for this matter.
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