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1 Introduction

At the RAN1 #66bis meeting, an elementary way forward for Tx-based ICIC scheme of PDSCH muting was proposed [1], and the following points related to PDSCH muting were mentioned in that way forward:

· PDSCH REs corresponding to the CRS pattern of a set of neighboring cell (s) are muted

— Muting pattern corresponds to CRS pattern(s) of neighboring cell(s).

— Muting configuration is signaled via higher-layer.

· When muting of PDSCH REs is configured

·  A Rel-11 UE shall assume PDSCH rate matching around the muted REs for unicast PDSCH transmissions.

In this contribution, the design and standards impact of PDSCH muting are analyzed, and some preliminary observations for PDSCH muting are presented. 
2 Design and standards impact of PDSCH muting
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Figure 1: Illustration for PDSCH muting.
As well known, when moderate or large range extension (RE) is used for Macro-Pico scenario, the interference from remaining CRS of aggressor cell will evidently degrade the performance of PDSCH for the victim UE even if ABS is configured by the aggressor cell. In order to further mitigate the CRS interference, several contributions proposed in the RAN1 #66bis meeting discussed PDSCH muting to improve the PDSCH demodulation performance. 

As shown in the Figure 1, with PDSCH muting, the data mapping/de-mapping of victim UE’s PDSCH will mute/skip those resource elements that are heavily interfered by CRSs of aggressor cell. By muting/skipping, the interference impact of the polluted resource elements will not impact PDSCH demodulation. 

According to the simulation results presented in [2], the PDSCH muting scheme can provide efficient performance protection for PDSCH decoding in moderate or large CRE cases even if the available mapping resources are decreased for PDSCH muting.
2.1 Design impact of PDSCH muting

For PDSCH muting, the TBS can be kept as same as the case without muting. Hence, the TBS table defined in the current TS 36.213 does not have to change for PDSCH muting. 
However, considering that the available mapping resources are decreased with PDSCH muting, the eNB needs to apply new rate matching and data mapping for PDSCH muting. If the cell ID (or CRS frequency shift) and number of CRS antenna ports of aggressor cell are known by victim cell, the location and number of muted resource elements can be determined by victim cell, then the rate matching and data mapping for PDSCH muting can be easily implemented by victim eNB. 
At the UE side, provided that UE also knows the cell ID (or CRS frequency shift) and the number of CRS antenna ports of aggressor cell, it can also easily determine the locations of muted resource elements and skip those muted resource elements in decoding. 
Moreover, given the PDSCH muting for CSI RS had been supported in Rel-10, similar mechanism can be used for the PDSCH muting of CRS. 

Based on the above analyses, it can be observed that the additional design and implementation impact of PDSCH muting for CRS on both eNB and UE seems very small.
Observation 1: There is no or little design and implementation impact for eNB and UE to support PDSCH muting.
2.2 Standards impact of PDSCH muting

As mentioned above, PDSCH muting can remarkably improve the PDSCH demodulation performance under the moderate or large RE situations. However, if the UE suffers very slight interference from the aggressor cell, the performance of PDSCH demodulation without muting will be degraded marginally compared to PDSCH demodulation without interference. In this case, there may be no need to apply PDSCH muting. Thus, PDSCH muting should be implemented on the basis of UE-specific manner.

Moreover, even for the same UE, the interference environment and channel quality is time-variant, so that the PDSCH muting should be configurable by semi-static or dynamic signalling. 

Observation 2: PDSCH muting should be semi-statically or dynamically configured based on UE-specific manner.

For PDSCH muting, the on-off enabling of PDSCH muting should be indicated to the victim UE. In fact, a one-bit field may be sufficient to indicate whether muting is enabled. Therefore, the signalling overhead and standards impact for PDSCH muting on-off indication is small. With PDSCH muting on-off indication, the eNB can dynamically or semi-statically adjust the PDSCH transmission style (muting or non-muting) based on the instantaneous or long-term interference condition and channel quality. 
Observation 3: The signalling overhead for PDSCH muting on-off indication is small.

For PDSCH muting, the victim cell should be able to determine the aggressor cell’s ID (or CRS frequency shifts) and number of CRS antenna ports of aggressive cell for each victim UE. One approach for victim cell to achieve such information may be based on the neighbour cells’ RSRP/RSRQ measurement reporting from victim UE. The victim cell then determines the aggressor cell and corresponding muted resource and informs the victim UE by dedicated signalling. By this way, the PDSCH muting pattern(s) will be known to both eNB and victim UE. Considering the relative small number of CRS cell-specific frequency shifts and the number of CRS antenna ports, the signalling overhead for PDSCH muting pattern(s) indication will be small. 
Observation 4: The signalling overhead for PDSCH muting pattern(s) indication may be small.
3 Conclusions

In this contribution, the design and standard impact of PDSCH muting are analyzed, and the following observations for PDSCH muting are presented:

Observation 1: There is no or little design and implementation impact for eNB and UE to support PDSCH muting.

Observation 2: PDSCH muting should be semi-statically or dynamically configured based on UE-specific manner.

Observation 3: The signalling overhead for PDSCH muting on-off indication is small.

Observation 4: The signalling overhead for PDSCH muting pattern(s) indication may be small.

Based on the above observations, it is considered that PDSCH muting may only bring limited standard impact, and explicit signalling design for PDSCH muting should be considered further.
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