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1. Introduction
The following has been noted in RAN1#61b with regards CSI-RS muting for Release 10 –
Observation based on the presented contribution: 

· Throughput performance of CoMP UE is improved by CSI RS with PDSCH muting compared with CSI-RS without muting and CRS.

· PDSCH muting is beneficial for CoMP schemes that require inter-cell channel measurements in future release.

· It is noted that introduction of PDSCH muting in future release (>Rel-10) would cause negative impact to Rel-10 UE

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.
2. Signaling Aspects of CSI-RS and Muting
Motivation: In this paper we discuss our preference for signaling of CSI-RS patterns agreed in RAN1#61b. If PDSCH muting is agreed, the signaling aspects of PDSCH muting should be limited to a very basic functionality necessary for Release-10 UEs. Additional signaling with regards to muting, specifically in the context of CoMP may be introduced later subject to CoMP evaluations.
Signaling for CSI-RS: The following information may be considered for signaling of CSI-RS –
· Number of CSI-RS ports 

· CSI-RS pattern (particular choice of an intra-subframe pattern) – The number of possible intra-subframe CSI-RS patterns can be determined as a function of the frame-structure, CP-type and the number of CSI-RS ports. One possibility of identifying a particular pattern from this pool is through cell-id. This method incurs no signaling overhead but the burden is shifted to the cell planning stage. This method is less attractive for CSI-RS (as compared to CRS) due to the large and variable reuse factors available for CSI-RS and it also reduces the flexibility of an eNB when certain changes occur – change in the number of ports, deployment of non-traditional nodes within the cell area. Therefore an explicit signaling of CSI-RS pattern becomes more attractive. A particular pattern may be indicated from this number of possible patterns by indexing the patterns after simple enumeration. Other methods of indicating a pattern by time-frequency location, methods that exploit nesting, methods optimized for muting may be considered if a significant improvement is demonstrated. 
· Subframe offset for a CSI-RS subframe

· Periodicity of CSI-RS subframes – A periodicity of multiples of 5ms has been agreed as baseline.
· CSI-RS boosting - As a default the power of CSI-RS may be tied to the CRS power. The need for CSI-RS boosting (and the need for specification support) needs to be studied in the context of muting and CoMP.
The information mentioned above for CSI-RS signaling is cell-specific and is intended to be transmitted to an UE using higher layer signaling and at a semi-static pace. The details of the signaling scheme (PBCH, RRC etc.) may be left to the discretion of RAN2.

Signaling in the context of muting: It has been pointed out in earlier contributions that the benefits of muting are apparent only with the application of CoMP. On the other hand, it was not agreed whether CoMP can provide any realizable benefits under realistic scenarios. To avoid a legacy impact to the Release-10 UEs we propose to consider introduction of some basic features of muting without making any assumptions about any particular CoMP scheme. In Release-10 there is a strong motivation to not enable muting at all from an eNB perspective. Therefore our suggestion is to specify muting related signaling as separately as possible from CSI-RS signaling (and avoid jointly optimizing signaling for CSI-RS and muting). In this context the following are relevant – 
· Rate matching around muted REs – It has been observed that rate-matching is necessary to avoid performance degradation. Therefore we propose to support rate matching whenever muting is indicated.
· Signaling support for enabling/disabling of muting – An indicator for enabling/disabling muting may be introduced that is cell-specific and transmitted semi-statically using higher layer signaling
· Muting enabled subframes – It has been observed that the introduction of muting can cause degradation of Release-8 UE performance. Therefore it is reasonable to restrict muting-enabled subframes to a subset of CSI-RS subframes. Thus the periodicity of the muting enabled subframes needs to be signaled. This can also be transmitted semi-statically using higher-layer signaling.
· Muting patterns (intra-subframe) – A bit-map can provide the maximum flexibility in terms of indicating a particular muting pattern. For each muting pattern rate-matching and RE mapping should be predetermined. This information can also be transmitted semi-statically using higher-layer signaling.
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