3GPP TSG-RAN WG1 Meeting #69
R1-122407
Prague, Czech Republic, 21st – 25th May 2012
Agenda item:      7.5.1.1
Source:
Nokia Corporation, Nokia Siemens Networks, 
Title:
Size of CoMP measurement set for per-CSI-RS-resource CSI feedback 
Document for:

Discussion and Decision

1 
Introduction
During RAN1#68bis, the issue of the CoMP measurement set size has been extensively discussed and the following aggrement could be reached [1]:

Agreement:
· The maximum size of the CoMP measurement set is FFS between 2 and 3 CSI-RS resources – to be decided at RAN1#69.

In this contribution, we discuss the effect of CoMP measurement set size on performance, complexity and implications on feedback.

2 
The Maximum Size of CoMP Measurement Set
The size of CoMP measurement size is a typical trade-off between flexibility and complexity/overhead. On the one hand, configuring more CSI-RS resources and feedback to one UE enlarges the flexibility of CoMP coordination. On the other side, the increase the UE complexity cannot be simply ignored which is due to the fact that one UE must keep measuring multiple CSI-RS simultaneously. The feedback overhead provides another reason to limit the CoMP measurement size. Therefore the maximum size of CoMP measurement set must be limited. 
It is a common understanding that not all UEs (depending on their location within the network) are suitable for CoMP operation. We therefore show in Figure 1 the ratio of CoMP UEs with CoMP measurement set size of N=2 and N=3 assuming different pathloss window (3,6,9)dB to be applied for the CoMP measurement set selection. Already from Figure 3 it is obvious that support of 3 TPs/CSI-RS resources is mainly an optimization targeting for a very small number of UEs. 
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Figure 1: CoMP UE ratio for different pathloss window and number of CoMP TPs. 
But the statistics on the CoMP measurement set size in Figure 3 show only one side of the coin. What we are interested in the end is of course performance as such. A performance comparison between CoMP measurement set size of N=2 and N=3 for dynamic cell selection is shown in Table 1 (simulation assumptions to be found in the Appendix). 
	
	Average UE throughput 
[Mbit/s]
	Cell-edge UE throughput 
[Mbit/s]

	TM-4 4TX SU-MIMO 
	2.21
	0.69

	Dynamic cell selection, N=2
	2.19
	0.74

	Dynamic cell selection, N=3
	2.19
	0.75


Table 1: System performance of DCS CoMP with varying max. CoMP measurement set size 
The system level results indicate that there is practically no improvement in performance when allowing a 3rd CSI-RS resource to be configured. Consequently, both investigations lead to the following observations: 

Observation1: 2 TPs/CSI-RS CoMP transmissions are already sufficient for majority of UEs. The performance improvements by allowing a CoMP measurement set size of 3 are neglibible.  

The investigations above show, that a CoMP measurement set size of 2 is sufficient as such to operate CoMP efficiently and that with a set size of 3 just would enable additional performance & flexibility optimizations. One additional issue to be considered is the complexity (for the UE) as well as the implications on the feedback (overhead), as has been apparent also from the related discussions during RAN1#68bis. 

In [2], we in detail discuss the UE complexity of DL COMP CSI feedback depending on the number of CSI-RS resources (i.e. the CoMP Measurement Set Size) as well as number of CSI hypothesis per-CSI-RS resource as well as aggregated CQI. The investigations in [2] show the following related observations:
· Observation2: The channel estimation complexity is linearly increasing with the number of CSI-RS resources.
· Observation3: The CSI estimation complexity for per-CSI-RS resource CSI is linearly increasing with the number of CSI-RS resources and the number of CSI/CQI hypothesis.
Considering now some specific related examples here, the following complexity increased compared to Rel. 10 operation are expected:

· Doubling (2x) the channel estimation complexity in case of 2 CSI-RS resources or tripling (3x) for 3 CSI-RS resources compared to Rel. 10 due to the linear increase in channel estimation complexity 

· 9x the Rel. 10 CSI calculation complexity of Rel. 10 in case of 3 CSI-RS resources combined with 3 CSI hypothesis per-CSI-RS resource (not even considering aggregated CQI here) – as a consequence of the linear increase of the CSI estimation complexity for per-CSI-RS resource CSI with the number of CSI-RS resources and the number of CSI/CQI hypothesis.
Therefore, from complexity point of view not just a single CoMP feature decision, i.e. the CoMP measurement set size, but the combination of decisions will heavily affect the UE complexity! Consequently we propose:

Proposal1: Jointly consider the UE complexity in the required CoMP decisions related to:

· Max. CoMP measurement set size (in AI 7.5.1.1)

· CQI definition for CoMP (in AI 7.5.1.2)

· Number of IMR configurations (in AI 7.5.2)

· Supported feedback modes (in AI 7.5.1.4)

in order to prevent excessive UE complexity for CoMP CSI generation. Moreover, the impact of multiple configured component carriers should not be forgotten.
To be more specific here, in case of the support of 2 CSI/CQI hypothesis per CSI-RS resource we suggest to restrict the CoMP measurement set size to 2, resulting in 2x the channel estimation complexity and 4x the CSI estimation complexity compared to Rel. 10 in order to end up with reasonable UE complexity. Whereas for a single CSI/CQI hypothesis per-CSI-RS resource a 3rd CSI-RS resource could be supported in order to end up with a manageable UE complexity of 3x the channel estimation and CSI estimation complexity for the UE. In Table 2 below we indicate the dependency of complexity for channel estimation & CSI calculation for different CoMP measurement set sizes and CSI hypothesis. The green entries indicate the configurations that could be supported from complexity point of view whereas the red areas give the configurations with excessive UE complexity. Similar thinking has been proposed in [3], where UE may only support part of the feedback modes for the 3rd CSI-RS resource. 
	
	2 CSI-RS resources (N=2)
	3 CSI-RS resources (N=3)

	Single CSI/CQI hypothesis
	2x ChEst
2x CSI
	3x ChEst
3x CSI

	2 CSI/CQI hypothesis
	2x ChEst
4x CSI
	3x ChEst
6x CSI

	3 CSI/CQI hypothesis
	2x ChEst
6x CSI
	3x ChEst
9x CSI


Table 2: UE complexity compared to Rel. 10 depending on (a) number of CSI-RS resources 
and (b) CSI/CQI hypothesis.
4 
Conclusion
In this paper, we analyze the size of CoMP measurement set in terms of applicabiltiy and UE complexity. In summary we make the following observations: 
Observation1: 2 TPs/CSI-RS CoMP transmissions are already sufficient for majority of UEs. The performance improvements by allowing a CoMP measurement set size of 3 are neglibible.
Observation2: The channel estimation complexity is linearly increasing with the number of CSI-RS resources.

Observation3: The CSI estimation complexity for per-CSI-RS resource CSI is linearly increasing with the number of CSI-RS resources and the number of CSI/CQI hypothesis.

Based on which the following proposal is made:

Proposal1: Jointly consider the UE complexity in the required CoMP decisions related to:

· Max. CoMP measurement set size (in AI 7.5.1.1)

· CQI definition for CoMP (in AI 7.5.1.2)

· Number of IMR configurations (in AI 7.5.2)

· Supported feedback modes (in AI 7.5.1.4)

in order to prevent excessive UE complexity for CoMP CSI generation.  Moreover, the impact of multiple configured component carriers should not be forgotten.
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Appendix: System simulation assumptions 

	Parameter
	Value

	Deployment scenario
	Scenario 2

	Channel model
	Urban Macro high spread 3kmph

	Antenna configuration
	4x2 XP

	Feedback
	Rel-8 feedback for per-CSI-RS resource

	Size of CoMP Measurement Set
	2 or 3

	Receiver
	MMSE


