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1. Introduction

The following observations were captured based on the presented contribution at the RAN1#61bis meeting [1]. 
· 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

Furthermore, the following ways forward for the next meeting were also captured.

· 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.

In this contribution, we present our views on PDSCH muting based on the impact of PDSCH muting on specifications and implementation.
2. Impact on Specifications
We first discuss the impact of PDSCH muting on specifications and implementation.
2.1. Rate Matching and RE Mapping

If PDSCH muting is supported, rate matching for muted REs should be applied to avoid performance degradation in Rel-10 UEs. The number of rate matching patterns is proportional to the number of combinations of muted REs. Furthermore, the RE mapping should be modified if PDSCH muting is supported. The number of RE mapping patterns is proportional to the number of patterns for muted REs. As shown in Fig. 1, the same rate matching parameter is used for patterns A and B, since the numbers of muted REs are the same. On the other hand, different RE mappings are used for patterns A and B, since the locations of muted REs are different.
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Figure 1 – Impact on rate matching and RE mapping
2.2. Signaling to Support PDSCH Muting
If PDSCH muting is supported, the muting patterns should be signaled. Furthermore, even if PDSCH muting is supported, the case without muting should be supported. These kinds of information should be signaled via RRC signaling. For RRC signaling, there are the following methods as shown in Fig. 2.
· Bitmap-based method
In this method, all muted CSI-RS indexes are signaled using bitmap based signaling, which requires n bits (n denotes the total number of CSI-RS indexes). The number of patterns for rate matching is n including the case without muting. Furthermore, the number of RE mappings is 
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. Although full flexible muting is achieved, it causes a larger signaling overhead and a larger number of patterns for rate matching and RE mapping. 
· Tree-based method
In this method, all muted CSI-RS indexes are signaled using tree-based signaling, which requires 
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 bits. By signaling the start and end indexes of the CSI-RS, the number of signaling bits can be reduced when the number of CSI-RS indexes is large. Furthermore, the number of patterns for RE mapping is reduced to 
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, although the rate matching pattern is the same. 
· Number-based method
This method is a special case of the tree-based method, i.e., the start index is always set to zero, which requires 
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 bits. Furthermore, the number of patterns for RE mapping is n. Therefore, the number of signaling bits and the number of patterns for RE mapping are further reduced. 
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(a) Bitmap-based method                  (b) Tree-based method                (c) Number-based method

Figure 2 – Signaling method to support PDSCH muting 
2.3. Discussion

Table 1 shows the number of signaling bits, number of rate matching patterns, and number of RE mapping patterns for three methods discussed in Section 2.2. 
Table 1 – Number of signaling bits, number of rate matching and RE mapping patterns
	
	Signaling methods
	Number of signaling bits
	Number of rate matching pattern
	Number of RE mapping pattern

	2CSI-RS ports
	Bitmap-based
	20
	20
	1048575

	
	Tree-based
	8
	20
	210

	
	Number-based
	5
	20
	20

	4CSI-RS ports
	Bitmap-based
	10
	10
	1023

	
	Tree-based
	6
	10
	55

	
	Number-based
	4
	10
	10

	8CSI-RS ports
	Bitmap-based
	5
	5
	31

	
	Tree-based
	4
	5
	15

	
	Number-based
	3
	5
	5


Furthermore, by defining a muting pattern for a larger number of CSI-RS ports regardless of the actual CSI-RS ports, the number of signaling bits and patterns for rate matching and RE mapping patterns can be reduced [2]. For example, by defining a muting pattern for 4 (8) CSI-RS ports, the number of patterns for the RE mapping is still 1023 (31) even when the bitmap-based method is used at the expense of the possible increase in muting overhead as shown in Fig. 3, where 4 (8) Tx CSI RS patterns is used as muting patterns for 2 cells with 2 (4) Tx each.  
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(a) Defined as 4 CSI-RS ports
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(b) Defined as 8 CSI-RS ports
Figure 3 – Muting pattern
In addition, the signaling of the duty cycle and that if the subframe offset are required. There are two possibilities, implicit signaling and explicit signaling. In the implicit method, the UE assumes the same duty cycle and subframe offset as those for the CSI-RS of the serving cell. On the other hand, by using the explicit signaling, it is possible to apply muting with a different duty cycle than that for the CSI-RS of the serving cell. This may be beneficial when the neighboring cells (to which muting is applied) use CSI-RS with different duty cycles. The necessity for different duty cycles is FFS.
3. Views on PDSCH Muting

As captured as observation in the chairman’s notes at RAN1#61bis meeting, PDSCH muting is beneficial for CoMP schemes that require inter-cell channel measurements in future release. Furthermore, it was noted that introduction of PDSCH muting in future release (>Rel-10) would cause negative impact to Rel-10 UE. Based on these observations, if the PDSCH muting is not supported in Rel-10, there is a possibility that “another legacy impact” may occur in the future release. Therefore, we propose to support the PDSCH muting for future proof, i.e., to avoid “another legacy impact”. 
However, the CoMP is now under the feasibility study phase [3], implementation impacts of PDSCH muting should be minimized. For example, bitmap-based signaling for 2 CSI-RS ports is not feasible from this views point since the number of muting pattern will be significantly large. Therefore, signaling reduction should be supported for PDSCH muting. 
4. Conclusion

In this contribution, we presented our views on PDSCH muting based on the impact of PDSCH muting on specifications and implementation. We proposed followings.

· PDSCH muting should be supported for future proof.

· Signaling reduction method should be supported. 
· e.g., muting pattern is defied for 4 CSI-RS ports, regardless of actual number of CSI-RS ports
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