

August 23-27, 2010

Source:
Motorola
Title:
RE Muting for CSI-RS based Inter-cell Measurement and Signaling Support
Agenda Item:
6.3.2
Document for:
Discussion 

1. Introduction

The main observations in the Chairman Notes for the previous meeting can be summarized as:

1) Transparent muting has performance impact in legacy demodulation and could be more significant if muting is applied in subframes other than CSI-RS.

2) CoMP performance can be potentially improved with PDSCH muting 

3) PDSCH muting in a future release would have negative impact on Release-10 UEs.

Further, the specification impact and signaling aspects are FFS as captured below from the Chairman Notes,

Possible specification impact of muting for Rel-10

· Rate matching around muted RE

· Following signaling support  (implicit or explicit) to UE:

· Enabling/disabling of muting

· Muted RE location (offsets and duty cycle), where more study will be needed on

· Signaling formats

· Reduction of muting patterns

· Power usage of muted RE

WF for the next meeting

· Each company is suggested to study further if PDSCH muting can be supported in Rel-10. If yes, how to support muting should be proposed considering the specification impacts.

Conclusion (on interference estimation):

· Current RAN1 simulation assumption for interference estimation is to use CRS

· Further study is needed to verify the need of introducing new standard support for interference estimation.

2. Benefit of Muting for CoMP
RE muting is mainly to achieve improvements by:

i) Improving serving cell CSI measurements (when interfering cells do muting)
ii) Improving measurements for coordinating cells.

Serving cell CSI accuracy can be improved with muting from neighboring cells, however the throughput loss at neighboring cell may not justify the improvements in performance in the serving cell, especially since the CSI-RE in the serving cell should still be stronger than interference. On the other hand, interference cell measurements could be significantly improved if a serving cell muting some REs at neighboring cell’s CSI-RS REs. Muting can be critical to realize any potential gains that are possible with CoMP. System level CoMP studies during study item phase have shown modest improvements with CoMP (10-15%). However, some of the results based on simplified scenarios have shown larger gains, and particularly shown that without muting these gains could be significantly degraded [2]
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[3]. While further study on CoMP in future releases is vey much needed to really understand the potential gain of RE muting, the discussion here is, if muting is configured as an deployment option, impact to Rel-10 UE’s demodulation performance should be minimized. Hence, any specification support for muting mainly serves the purpose of protecting the Release-10 UEs from severe performance degradation when muting is turned on in a Release-10+ deployment. Give such motivation, and that the realistic CoMP gains and the suitable scenarios are to be further studied, flexibility in configuring muting would be highly desirable targeting at least the various CoMP schemes captured so far.
Proposal: Target design and configuration of muting considering all potential CoMP scenarios.

3. Signaling Support

CSI-RS patterns have been finalized last meeting. Within a subframe, a maximum reuse of 5, 10 and 20 can be achieved with 8Tx, 4Tx and 2Tx respectively and with normal CP. 
For signaling, either implicit or explicit signaling of the CSI-RS and muting patterns may be used. With implicit signaling of the pattern, CSI-RS pattern may be related to that of cell ID which may be extended to also capture muting patterns. For example, one option is to use Cell ID to define a reuse of 3 similar to CRS and indicate if the muting is turned ON or OFF. Higher reuse could be similarly defined. However, this could impose some restrictions on CoMP operation since it could limit flexibility to change muting configuration and it may also be not very efficient if muting is closely tied to its cell ID, resulting in a fixed overhead.
On the other hand, a flexible option is to allow configurable CSI-RS pattern and configurable muting. CSI-RS signaling can be defined to include information of both the CSI-RS port for the serving cell and the muted ports, where the total number of CSI-RS ports is the reuse factor supported in a subframe. The signaling then needs to capture the following:
· Serving cell CSI-RS port
· Muted RE ports

· Other CSI-RS specific signaling like subframe offset, duty cycle, power offsets.
A straightforward signaling design is to index all available reuse factor (depending on the number of Tx antennas of course) and signal the occupied index for serving cell and the index of muted reuse factor together in a semi-static broadcast (e.g., in one of the SIB). The semi-static option allows more flexibility for dynamic CoMP operation, where different CoMP schemes may be used. Even though the CoMP coordinating set may be UE-specific, CSI-RS muting pattern should be broadcasted. An alternative is to decouple the signaling of CSI-RS port and the muting ports. For example, a CSI-RS port is configured according to its cell ID in a serving cell and the muted ports may be signaled on a semi-static basis. 

Additional specification may be used in future to relate the muting set and the CoMP measurement or coordinating sets with some pre-defined relationships. However, for Release-10 purpose without CoMP operation, a UE simply needs to be aware of the location of CSI-RS REs and muted REs. So, clearly the goal is to allow the maximum flexibility of muting patterns, while efficiently signaling location of muted REs.
Proposal: Allow explicit signaling of at least muting configuration, perhaps CSI-RS as well.
4. CSI-RS muting and Interference Estimation

There is some concern that CSI-RS muting may limit actual interference estimation accuracy. With muting configured on the coordinating cells, serving cell CSI-RS locations do not see interference from these cells. If a UE is configured in CoMP operation and reports some CQI related to CoMP, this may actually be desirable since the signal from the coordinating set is not interference any more. But, in any case both CoMP and non-CoMP modes are likely to be used depending on the scheduler decision, even with RE muting configured. In case of non-CoMP or the COMP set is not the same as the muting cell set, the interference estimate would be inaccurate for single-cell transmission mode configured UEs. 
One option suggested is to enable partial muting to provide opportunities for accurate interference estimation.  Another option is to assume interference is measured on CRS. Though this may not capture exactly PDSCH interference, it may be sufficiently accurate, given the PDSCH interference is also variable to some extent. CRS also provides more measurement opportunities for better averaging. 

Proposal: CRS may be used as baseline for interference estimation. Additional specification as it relates to muting may be considered.

5. Conclusions

Based on the discussion in the contribution, we propose the following for the CSI-RS and muting signaling support:
· Target design and configuration of muting considering all potential CoMP scenarios. 
· Consider explicit signaling of at least muting configuration, perhaps CSI-RS as well 
· CRS may be used as baseline for interference estimation. Additional specification as it relates to muting may be considered.
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