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1. Introduction
In RAN1#62bis, the following conclusions were made [1]:
· Muting configuration is cell-specific and signalled via higher-layer

· PDSCH muting is performed over a bandwidth that follows the same rule as the CSI-RS
· A UE may assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different CSI-RS information is received

· The intra-subframe location of muted resource elements is indicated by a 16-bit bitmap

· Each bit corresponds to a 4-port CSI-RS configuration
· All REs used in a 4-port CSI-RS configuration set to 1 are muted (zero power assumed at UE), except for the CSI-RS REs if they belong to this CSI-RS configuration

· This signaling is common for FDD and TDD CSI-RS configurations
· When muting of PDSCH REs is configured

· A Rel-10 UE shall assume PDSCH rate matching around the muted REs (after UE capability, i.e. its release, is known by the eNB) for all unicast PDSCH transmissions in any transmission mode

· One value of subframe offset and duty cycle is signalled for all the muted resource elements, using the same encoding as for the subframe offset and duty cycle of the CSI-RS


· One of two options should be decided at the next meeting

· Option 1: Muted REs cannot be located in subframes without CSI-RS

· Option 2: Muted REs can be located in subframes without CSI-RS, and in this case the CSI-RS duty cycle is an integer multiple of the muted REs duty cycle

· Whether muting can be configured in a cell without CSI-RS is FFS
The remaining issue is the relationship between the configuration of PDSCH muting and CSI RS. In this contribution we provide our views on this issue.
2. Applications of Muting

COMP and HetNet appear to be the next key DL enhancements. COMP, the joint transmission scheme where UE is served by multiple cells and coordinated beamforming scheme where serving cell only serves its UEs while steering away the beam to avoid interference, requires quite accurate channel knowledge of both neighboring cells and serving cells. In HetNet, the UEs in pico-cells may experience strong interference from macro-cells. And the technique of range extension requires an UE to be served by a cell which is significantly weaker than the strongest cell. 

The CSI RS density is 1 RE/RB/Antenna port, even with higher density, due to the low geometry, it would likely be insufficient to estimate the channel of the weaker cells in the scenarios described above. In that case muting is necessary.

On the other hand, with the introduction of muting, there will be a problem of interference estimation with CSI RS as the main interference may be muted [2]. But if the muted REs do not correspond to the position of CSI RS used in the system, the punctured REs used for interference measurements will see similar interference as the REs belonging to PDSCH [3].
The possible applications of muting are

· Improve the channel estimation of neighboring cells

· Enhance the channel estimation of serving cells

· Estimation of interference

3. Configuration requirements
Based on the above applications, there will be different requirements for the configuration of muting. In the COMP transmission, UE needs to estimate the channels of the coordinating cells. As the CSI RS configurations of different cells are independent of each other, the CSI RS of different cells may be not in the same subframes, i.e. different subframe offset and duty cycle. In order to get better channel estimation of neighboring cells, the PDSCH muting of serving cell may not be in the same subframe with CSI RS, as shown in Figure 1.

[image: image1.emf]Cell  1

Cell  2

Cell  3

Muting duty cycle

CSI RS


Figure 1: Muting in subframes without CSI RS
Proposal 1: Muted REs can be located in subframes without CSI-RS.
In HetNet system, there will be severe inter-cell interference. To improve the channel estimation of CSI RS in serving cell, the neighboring cells should mute PDSCH to reduce the interference on the CSI RS. In that case, muting has no business with the configuration of CSI RS in the neighboring cells and even there may be different muting patterns in different subframes, as shown in Figure 2.
And if interference is measured over muted REs, it is not essential whether the CSI RS is configured or not. When the CSI RS is not configured, we also can use the muted REs to measure interference.
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Figure 2: Muting without CSI RS
Proposal 2: Muting can be configured in a cell without CSI-RS.
Proposal 3: There may be multiple configurations of muting.
4. Conclusions
Based on above discussion and analysis, we propose that muting should be independent with CSI RS to provide the most flexibility, with the following proposals. 
· Proposal 1: Muted REs can be located in subframes without CSI-RS.
· Proposal 2: Muting can be configured in a cell without CSI-RS.
· Proposal 3: There may be multiple configurations of muting.
5. References
[1] R1-105798, “Way forward on PDSCH muting”, Huawei, Hisilicon, LG, Samsung, Panasonic, Intel, New Postcom, CATR, CMCC, Deutsch Telecom, Vodafone, CATT, InterDigital, Hitachi
[2] R1-105163, “Consideration on interference measurement”, CATT
[3] R1-105164, “Interference measurement over muted RE”, CATT
_1350300012.vsd
￼�


_1350303467.vsd
￼�


