
3GPP TSG RAN WG1 Meeting #63BIS













       R1-110106
Dublin, Ireland, 17th – 21st January, 2011
Agenda item:
6.3.1.2
Source:

New Postcom
Title: 
High-level view of existing CoMP schemes proposed for Rel-11
Document for:
Discussion and Decision
1 Introduction

Coordinated Multi-Point (CoMP) transmission is a promising technique that can improve the cell-edge throughput performance. In RAN1, discussions on CoMP have been mainly focusing on precoding/scheduling algorithms and feedback schemes. It was agreed that CoMP could be grouped into two categories, namely Joint-Processing (JP) and Coordinated Scheduling/Coordinated Beamforming (CS/CB) [1]. At the RAN#50 meeting, the detailed work plan for CoMP SID was approved [2] 
In this contribution, we analyze the various aspects of CoMP studies and its current status in RAN1. Our high-level views on possible way-forwards for CoMP in Rel-11 are also provided.
2 High-level view of existing CoMP schemes
In Tables 1-2 of Appendix, a brief summary of CoMP data, feedbacks, and signalling via air-interface or via the backhaul is provided. From these tables, we can have the following observations.
2.1 Baseline schemes
The inter-cell scheduling algorithms can have centralized and distributed implementations. Centralized scheduling deploys a real or virtual central controller (e.g. a fixed/voted master eNB), while distributed scheduling generally implements techniques that apply iterative scheduling schemes across different cells.

If distributed inter-cell scheduling is employed, iterative scheduling algorithms need to be used across the different cells concerned. The existing distributed scheduling schemes have some constraints and need to be improved for both use cases exploiting the explicit and implicit feedbacks. As discussed in [3], iterative schedulers may not converge without a causality constraint applied, typically due to the uncertainty in the sequence of the decisions made by different cells, which depends on each another. The successive iteration strategy, which naturally satisfies the causality constraint, will however inflict error propagations. In addition, distributed scheduling requires that the decisions of scheduled cells are shared among all relevant cells, and thus resulting in extra data flows. By contrast, with the employment of a centralized controller, the information from each cell only needs to be sent to the controller, thus eliminating a significant part of signal flows between one eNB to another. Last but not least, the distributed scheduling with implicit feedback may cause serious miss-matching issues, since the errors due to incorrect or partial-pairing/grouping in one cell will inevitably propagate to the next cell that takes such information as inputs for facilitating its own decision-making. Therefore, we suggest that:
Proposal 1: The followings are considered as CoMP baseline schemes in Rel-11:
· JP with centralized scheduling;
· CS/CB with centralized scheduling.
The precoding algorithms require feedback mechanisms that provide channel information. It was agreed that CoMP feedbacks could be explicit or implicit [1]. In implicit feedbacks, the precoding matrices are calculated at the UE. Specifically, the UE needs to report the preferred PMI/PVI under the assumption that the other vectors in the codebook are interferers [4]. Multiple preferred PMI/PVI reports may be needed for mitigating the miss-matching problem mentioned above. However, since the UE has no knowledge about its to-be-paired counterpart, its SINR calculation cannot reflect the status of its partner. This makes it difficult to obtain accurate SINRs and thus the preferred PMI/PVI. Alternatively, both the preferred and the corresponding best/worst companion PMI/PVI/CQIs may be reported to the eNB [5], which however will increase the overhead.
In explicit feedbacks, classic algorithms such as MMSE/ZF BD may be used in JP-based CoMP [6], while conventional algorithms such as SLNR may be used in CB-based CoMP [7]. Furthermore, specific optimised quantization and compression methods can further be employed to reduce explicit feedback overhead. In addition, the total overhead of both the air-interface and the backhaul can be further reduced, thanks to the possible simplification of the inter-cell scheduling, which is based on the fact that for the explicit feedback the interference cancellation (MMSE/ZF BD) or the interference avoidance (SLNR-based CB) methods can be exploited for mitigating the interference mostly through effective precoding schemes, when the scheduling gain is trivial.
If the PMI/PVI in a unitary codebook is used as the channel matrix/vector, i.e. Channel Direction Information (CDI), the precoding methods employed in the explicit-feedback scenario, such as MMSE/ZF BD, SLNR-CB etc., can also be implemented with the aid of implicit feedbacks. From this perspective, the implicit feedback and the explicit feedback are not very different.
As the result, the tradeoff between gain and overhead in the implicit feedback and the explicit feedback needs further studies. We propose that:
Proposal 2: The details of implicit feedback and explicit feedback mechanisms on the following aspects can be studied:
- The implicit feedback mechanism has the following alternatives:
- Alt 1-1: Multiple paired PMI/PVI feedbacks
- Alt 1-2: PMI/PVI as CDI

- The explicit feedback mechanism has the following alternative:
- Alt 2-1: Channel Vector Quantization (CVQ)
2.2 Evolution of CoMP

CoMP and MU-MIMO share many common aspects, such as SDMA, codebook design, UE pairing/grouping, etc. The evolution of CoMP highly depends on the evolution of MU-MIMO [7][8], since CoMP can be naturally considered as an extension of MU-MIMO to the inter-cell scenario. On the other hand, CoMP has the same objective as that of ICIC, which is to increase the cell-edge throughput. Thus, CoMP may also be considered as an extension of ICIC to the spatial domain [9].
.
Proposal 3: The evolution of CoMP should take into account aspects of MU-MIMO and ICIC as well as their evolutions.
3 Conclusion

In this contribution, we have provided our opinions on possible high-level directions for CoMP in Rel-11. The proposals are re-captured below:
Proposal 1: The followings are considered as CoMP baseline schemes in Rel-11:
· JP with centralized scheduling;
· CS/CB with centralized scheduling.

Proposal 2: The details of implicit feedback and explicit feedback mechanisms on the following aspects should be studied:

- The implicit feedback mechanism has the following alternatives:

- Alt 1-1: Multiple paired PMI/PVI feedbacks

- Alt 1-2: PMI/PVI as CDI

- The explicit feedback mechanism has the following alternative:

- Alt 2-1: Channel Vector Quantization (CVQ)

.
Proposal 3: The evolution of CoMP should take into account aspects of MU-MIMO and ICIC as well as their evolutions.
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Appendix
Table 1: Summary of feedback/signaling overhead in CoMP.
	
	Categories
	Inter-cell scheduling mode
	Feedback via air-interface
	Signalling overhead

	
	
	
	
	CSI sharing via backhaul
	Scheduling decision sharing via backhaul

	Explicit feedback
	JP
	Centralized [4] [6] [10] [17]
	All UEs’ CSI
	All UEs’ CSI
	All constructed precoding matrices

	
	CS/CB
	Centralized [12][13][14]
	All UEs’ CSI
	All UEs’ CSI
	All constructed precoding matrices

	
	
	Distributed* [11][15][16]
	All UEs’ CSI
	CSI from UEs in the current eNB and decision-made eNBs; Precoding matrices of decision-made eNBs
	N/A

	Implicit feedback
	JP
	Centralized [5]
	Multiple PMI/CQI
	Multiple PMI/CQI
	All selected PMI/CQI

	
	CS/CB
	Centralized [9][11][18][19]
	Multiple PMI/CQI
	Multiple PMI/CQI
	All selected PMI/CQI

	
	
	Distributed**
	
	PMI decision
	N/A


* Iterative scheduling from cell to cell
** The distributed scheduling is not recommended in conjunction with implicit feedback mode for CS/CB based CoMP due to the miss-matching issue
Table 2: Summary of precoding algorithms and data load status in CoMP.
	
	Categories
	Precoding algorithm
	Data load

	
	
	
	Data load on backhaul
	Precoded data load on backhaul

	Explicit feedback
	JP
	MMSE/ZF BD
	Data of all UEs
	Data of all Tx antennas

	
	CS/CB
	SLNR
	N/A
	N/A

	Implicit feedback
	JP
	Multiple PMI/CQI
	Data of all UEs
	Data of all Tx antennas

	
	CS/CB
	Multiple PMI/CQI 
	N/A
	N/A
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