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1. Introduction


In RAN1#61b meeting in Dresden, a comprehensive analysis of PDSCH muting concept for CSI-RS has been conducted. It has been shown that remarkable improvement in channel measurements MSE and throughput performance can be achieved for CSI-RS by applying PDSCH muting comparing to the CSI-RS without muting and CRS. It was observed that PDSCH muting is especially beneficial for CoMP schemes that require inter-cell channel measurements. It has been also noted that introduction of PDSCH muting in future releases (>Rel-10) would cause negative impact to Rel-10 UE. The agreed WF for the 62nd meeting suggests further study of PDSCH muting and the possible ways to support PDSCH muting considering the specification impacts [1].

In this document we describe details on the signalling required to indicate locations of muted REs and discuss power utilization problem from the set of muted REs.
2. Signalling to indicate PDSCH muting 
In this section we describe a method to indicate a set of muted PDSCH REs. The information about set of muted REs is required at the UE to enable correct PDSCH de-mapping procedure around muted REs and account reduction in the number of REs in the PDSCH rate matching process. In order to control overhead due to PDSCH muting it is desirable to support partial muting as a part of PDSCH muting signalling [2].
In general case the signalling information for PDSCH muting can be separated in two parts:
1. Indication of subframe(s) with muted REs

2. Indication of muted CSI-RS pattern(s) within the indicated subframe
Indication of subframe(s) with muted REs

The first part of PDSCH muting signalling is an indication of time location. Based on the email discussion [3] many companies expressed the preference to apply PDSCH muting only in the subframes carrying CSI-RS of the serving eNBs. In this case the locations of muted PDSCH are limited to the set of subframes where CSI-RS of serving eNB is transmitted. In order to minimize the impact on PDSCH bandwidth, PDSCH muting can be applied with larger periodicity compared to the CSI-RS transmission from the eNBs. To support such partial muting in time domain, PDSCH muting periodicity and PDSCH muting offset parameters should be introduced as a part of semi-static PDSCH muting signalling in TS 36.211.
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Figure 1. Indication of CSI-RS subframe with muted REs
Indication of muted CSI-RS pattern(s) within the indicated subframe

The second part of PDSCH muting signalling is a location indication of muted REs within the subframe. The method to indicate the PDSCH muting pattern is explained for CSI-RS pattern shown in Figure 2, where REs corresponding to different antenna port pairs are highlighted by different colors. The pairs of antenna ports can be used to support different reuse configurations and/or grouped together to support CSI-RS transmission for the eNB with more than 2 transmitting antennas. Since the PDSCH muting is intended to improve channel measurements performance the REs occupied by PDSCH muting within subframe coincides with REs locations used by CSI-RS. Similar to partial muting in time domain it is desirable to support partial muting in frequency domain by applying CSI-RS muting on the subset of REs used by CSI-RS pattern. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	 

	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	 
	
	

	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	 
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	 

	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	 
	
	

	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	 
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	 


Figure 2. CSI-RS pattern for subframe with normal CP
To indicate a set of muted REs antenna port pairs a PDSCH muting bitmap can be introduced. For this method all antenna port pairs within subframe are renumbered and the muting indication bit is allocated for each antenna port pair within the bitmap (see Figure 3). This approach offers the most flexible way to inform the UEs about set of muted REs and optimizes usage of PDSCH REs especially in the deployments with mixed antenna configuration. However this approach introduces relatively high signaling overhead (for the considered CSI-RS pattern the bitmap field consumes 20 bits). 
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Figure 3. Bitmap approach to indicate a muted PDSCH pattern
The reduction of signaling overhead can be achieved by decreasing granularity of PDSCH muting and by using bitmap to the group of REs pairs. Smaller granularity reduces flexibility of the muting and usage efficiency of PDSCH REs for muting; however it reduces the load of the broadcast channel.

A grouping of pairs to a bigger PDSCH muting set can be performed in accordance to the grouping rule of antenna port pairs in CSI-RS patterns for eNB with 4 and 8 antennas. Since the CSI-RS pattern obeys a nested property, such grouping can be described by a tree structure. In that tree each layer corresponds to the granularity of PDSCH muting (1, 2 or 4 antenna port pairs) and the node within each layer to PDSCH muting pattern.
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Figure 4. Bitmap approach to indicate a muted PDSCH pattern with different granularity
Similar to the bitmap of REs pairs, a set of muted PDSCH RE’s of a given granularity can be indicated using PDSCH muting bitmap where each bit corresponds to non-overlapping PDSCH muting pattern. Such bitmap field and PDSCH muting granularity can be introduced as a part of semi-static signaling in TS 36.211. 
It should be noted that disabling of PDSCH muting is explicitly supported by this approach, when the bitmap field contains all ones. Alternatively the disabling of PDSCH muting can be also supported as a part of the PDSCH muting periodicity and PDSCH muting offset signalling.
3. Discussion on power utilization due to PDSCH muting
PDSCH muting for CSI-RS introduces muted REs within RPB. The unused power on the muted REs can be utilized to boost the power on

· CSI-RS to improve the performance of channel measurements

· PDSCH to improve the BLER performance of Rel-10 UEs

It should be noted that power boosting is limited only to the REs that are transmitted on the same OFDM symbols where PDSCH muting is applied. Another restriction of power boosting due to PDSCH muting is that the maximum power boosting value of RE should not exceed a certain level (e.g. 6dB) [4]. This practically limits the usage of power for boosting of CSI-RS in case of eight antenna port configuration. 
To understand the benefits of power boosting for CSI-RS and PDSCH a link level performance comparison has been conducted for CSI-RS and PDSCH muting pattern corresponding to four antenna ports (see Figure 5). One serving eNB with CSI-RS Pattern 1 and one interfering eNB with CSI-RS Pattern 2 were considered in the simulations. When PDSCH muting with power boosting is enabled the unused power is equally distributed among the RE’s belonging to CSI-RS or PDSCH of the same OFDM symbol.
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Figure 5. CSI-RS patterns
Two scenarios of PDSCH muting were analyzed. In the first simulation scenario only serving eNB uses PDSCH muting corresponding to CSI-RS Pattern 2. The performance results for this scenario are presented in Figure 6. It can be seen that CSI-RS power boosting provides remarkable performance improvement for low SINR values. However for medium and high SINR the performance improvement is marginal. At the same time PDSCH power boosting shows smaller gain at low SINR and almost the same performance as CSI-RS boosting for low and medium SINR.  
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Figure 6. Performance analysis of CSI-RS and PDSCH power boosting
In the second simulation scenario both serving and interfering eNBs applies PDSCH muting of CSI-RS Pattern 2 and CSI-RS Pattern 1 respectively. The performance results for this scenario are presented in Figure 7. It can be observed that PDSCH performance with CSI-RS and PDSCH power boosting options are similar to each other and don’t significantly outperforms the scenario without power boosting.
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Figure 7. Performance analysis of CSI-RS and PDSCH power boosting

It should be noted that the PDSCH power boosting information must be available at the UEs for unbiased MIMO equalization and successful decoding. The power boosting information can be explicitly provided to UE via semi-static signalling or implicitly derived by the UEs from the predefined by the standard rule in accordance to PDSCH muting pattern. At the same time, CSI-RS power boosting information may not be required at the UE since the CQI mismatch introduced by the power bias can be relatively simply compensated at the eNB. 
Given the consideration above we conclude with a preference to support CSI-RS power boosting when PDSCH muting is applied. The remaining unused power can be further utilized for power boosting of PDSCH, however the performance benefit and the required signalling need further study. 
4. Conclusions
In this contribution, we provided details on the signalling required to support PDSCH muting with consideration of specification impact. Power utilization problem due to muting of PDSCH has been also discussed with consideration of CSI-RS and PDSCH power boosting options. The conducted analysis shows that power boosting on CSI-RS provides performance improvement and can be used in conjunction with PDSCH muting. 
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