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1. Introduction

Through the discussion until RAN1#61bis meeting, companies shared the views on benefit of PDSCH muting for inter-cell channel measurements [1][2] i.e.:
Observation of the results of the legacy impact of PDSCH muting

· There is a performance impact due to muting for case 1 and case 2.

· Especially, when PDSCH muting is applied in other subframes than the ones transmitting CSI-RS of the serving cell, performance degradation of Rel-8/9 UE becomes more significant. 

· Thus, in terms of legacy impact, it is preferable that PDSCH muting (if supported) is limited to the same subframe as the ones transmitting CSI-RS on the condition that sufficient reuse factor providing the muting gain can be obtained.

Observation of the results of the step-1 evaluation.

· MSE performance improvement is achieved by CSI-RS with PDSCH muting compared with CSI-RS without muting and CRS in channel estimation of neighboring cells. 
· Throughput performance should be evaluated to further clarify the benefit of muting 
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

Accordingly investigations on specification impacts are suggested. This document further discusses PDSCH muting issue in particular possible specification impacts, taking progress on intra-cell CSI-RS design [3] into account.
2. Discussion
During RAN1#61bis meeting, following items are listed for 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

Taking benefit of PDSCH muting for inter-cell channel measurements into account, our suggestion is to support muting in Rel-10. Followings are our views on specification impact of muting for Rel-10, assuming that muting is supported.
* Rate matching around muted RE
For CSI-RS of serving cell, rate matching is applied to Rel-10 PDSCH as agreed on RAN1#60bis meeting [4] concerning non-negligible performance degradation. Besides, as discussed during the meeting, transparent muting provides further performance degradation of Rel-10 UE, so it is preferable to apply rate matching to PDSCH for Rel-10 UE.
* Signalling support to UE

We assume muting and/or CSI-RS related information are signalled by RRC. If such muting and/or CSI-RS related information is not provided in RRC, it means CSI-RS and/or muting are disabled.
Muting RE location is determined by subframe offsets and duty cycle as listed above. Straight forward way is just follow the configuration of serving cell’s CSI-RS. Other possibility might be investigated as suggested in [6] e.g. RE muting duty cycle has longer duty cycle than serving cell, however its necessity should be carefully investigated considering increase of standardization and/or test effort. Other necessary information to determine muting RE location is which CSI-RS pattern is used for that. As agreed in RAN1#61bis meeting [2], FDD system with normal CP (NCP) has 5 CSI-RS patterns for 8 CSI-RS ports configuration. Besides the system has 10 patterns for 4 ports and 20 patterns for 2 ports, respectively, maintaining nested structure as those for 8 ports.
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Fig. 1  Agreed CSI-RS pattern for FDD, NCP
So this nested structure can be taken into account to design for muting RE location signalling e.g. some bits indicate pattern id for 8 ports irrespective to actual number of ports for the muting cell, and remaining bits sub-set pattern id up to 4 patterns for 2 ports, 2 patterns for 4 ports, respectively (Fig. 2). With this signalling scheme necessary bit can be reduced if the number of CSI-RS pattern for 8 ports are reduced or possible pattern for muting has restricted, even though signalling overhead might not be concerned assuming L3 signalling.
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Fig. 2  Example labeling with nested structure

* Power usage of muted RE
Power of muted RE might be re-allocated to some cases, namely 1) data RE, 2) DMRS RE or 3) CSI-RS RE. However, in my view option 1) is already precluded as RAN1#60 conclusion below:

· same data RE power between a data RE in the OFDM symbol containing CSI-RS and a data RE in the OFDM symbol without CSI-RS/Rel-8 CRS is assumed within a subframe 

Besides, according to power boosting related agreement on DMRS i.e. no power boosting for TM8 [7] and fixed 3 dB power offset for rank >2 [4] and, option 2) is precluded as well. So possible choice is only option 3), however 9dB (or more) CSI-RS boosting would raise some concerns by RAN4 as discussed before [8] so possible re-allocation (if supported) should be within 6dB e.g. 1 muting cell for 4tx or 3 muting cells for 2tx.
3. Conclusion
In this document possible specification impacts of PDSCH muting are discussed. Our views are:

· Preferable to apply rate matching to PDSCH for Rel-10 UE around muted REs;

· Nested structure of CSI-RS pattern can be taken into account to design for muting RE location signalling; and
· Power of muted RE should not be re-allocated to data RE or DMRS RE, FFS for CSI-RS RE on conditioned that no CSI-RS boosting related concern.
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