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1. Introduction

The main observations in the Chairman Notes from #61bis meeting concluded that PDCSH muting is beneficial in a future release, given the potential performance benefits for CoMP with improved inter-cell measurements. And if configured in a future release, it would have significant negative impact of Release-10 UEs, if they are not explicitly made aware of it. The muting should be configurable. 
Further, the specification impact and signaling aspects are FFS as captured below from the Chairman Notes,

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

2. Signaling of RE Muting

2.1. Muting Configuration
In [4], we have proposed enabling flexibility of muting configurations, mainly considering potential CoMP scenarios. A straightforward signaling design is to index all available muting patterns (depending on the number of Tx antennas of course) and signal the occupied index for serving cell and the index of muted reuse factor together in a semi-static RRC signaling. In addition, signaling of CSI-RS ports and the muting ports may be performed separately. 
The following table summarizes the number of CSI-RS patterns for different configuration. 
	
	2 Tx
	4Tx
	8Tx

	Normal CP
	20
	10
	5

	Extended CP
	16
	8
	4


Additional patterns are enabled for TDD, in which case we have

	
	2 Tx
	4Tx
	8Tx

	Normal CP
	32
	16
	8

	Extended CP
	28
	14
	7


Clearly, a maximum of 32/16/8 patterns need to be supported with 2Tx for normal CP and 28/14/7 for extended CP. It has also been suggested to define muting pattern based on the larger number of transmit antennas, like 4Tx or 8Tx [5]. Given the semi-static nature of signaling it may be simpler to define the bitmap based on 2Tx. This may also avoid scenarios, where additional overhead may have to be supported in 2Tx, given the muting configuration must be based on 4Tx. Optimized muting patterns signaling may be performed in a future release, if more frequent/PDCCH based signaling is found to be useful. Right now, we do not see a big concern allowing additional overhead, and prefer the additional flexibility.
Proposal: 
Allow semi-static signaling of the muting pattern configuration.

· Use a bitmap indexing, where each bit represents a valid 2Tx CSI-RS pattern. 32/28 bits are supported based on normal/extended CP
2.2. Muting RE Subframe Offsets and Duty Cycle

Typically, CSI-RS duty cycle may be chosen, based on the accuracy/channel tracking capabilities required at the UE. This could depend on number of transmit antennas, cell-size, UE speeds (fixed or mobile) etc. In addition, with heterogeneous deployments, we can consider a scenario where different cells configure different values of CSI-RS offsets and duty cycles. Since, a muted RE is expected to be a location of a neighbor CSI-RS only, the same encodings used for CSI-RS subframe offsets and duty cycles can be reused. However, if REs in CSI-RS locations of cells that have different duty cycle are to be muted, then the configuration of muted REs may be more complex. If we assume CSI-RS are at-least configured with the same offset value, one simple approach for muting configuration is to use the lowest duty cycle in this case, at expense of slightly higher overhead.  If on the other hand, same offset is assumed to be configured in the network, signaling an additional offset may not be needed, significantly reducing overhead.
For signaling one offset, the CSI-RS offset and duty cycle signaling can be reused. For signaling more than one offset, the overhead increase can be kept small, by allowing multiple offsets for lower duty cycles only. For example, if two offsets are supported for duty cycle of 9,10,20 but not 40,80, then only two additional bits needed to be added. With this method, the overhead of signaling offsets can be summarized as follows: 

	No Offsets Signaled (assume same as serving cell),

Only Different Duty Cycle


	One offset/duty cycle signaled

(Reuse signaling for serving cell CSI-RS configuration, 5+10+20+40+80=155)
	Two offsets signaled

(assuming same duty cycle and two offsets only supported for Duty cycle of 5,10,20 SF)

	3 bits
	8 bits
	10 bits

(5^2+10^2+20^2+40+80) 


Proposal :
For signaling muting duty cycle/offsets, choose Option 1 or Option 2:

Option 1: If we assume same offset value for all cells, only a single duty cycle needs to be signaled
Option 2: If we assume different offsets configured for CSI-RS of different cells, more offsets/duty cycles may be needed to enable measurements of CSI-RS of these cells. 

· A maximum number may be configured (ex: two offset values may be sufficient). 

· A single duty cycle could be supported with different offsets. Further consider limiting overhead by enabling multiple offsets for lower duty cycles only. 
3. Other Aspects

3.1. Rate Matching

Muted REs can be treated similar to REs corresponding to reference symbols for PDSCH mapping, where a UE is expected to read the muting configuration information and if the PDSCH allocation contains muted REs as indicated by muting configuration, assume that the data REs are rate matched by avoiding these REs. 
3.2. Power Usage of Muted RE

It may be implementation choice on how to reuse the power not used for muted REs. However, it was agreed that data RE power remain the same in the symbols with and without muting. One possibility is reuse power to boost CSI-RS. However, it is preferable that CSI-RS power remain constant to not interfere with CQI measurements and filtering at the UE, however this need not be explicitly specified. The CQI measurements will be based on a single indicated parameter α for any power offset relative to CSI-RS for PDCSH hypothesis. We do not see a strong need to specify additional parameters to capture this aspect.
4. Conclusions

Based on the discussion in the contribution, we propose the following for the muted RE signaling support:
· Allow semi-static signaling of the muting pattern configuration.

a. Use bitmap indexing, where each bit represents a valid 2Tx CSI-RS pattern. 32/28 bits are supported based on normal/extended CP
· For signaling Muting duty cycle/offsets, chose  Option 1 or Option 2:

a. Option 1: If we assume same offset for all cells, only a single duty cycle needs to be signaled

b. Option 2: If we assume different offsets configured for CSI-RS of different cells, more offsets/duty cycles may be needed to enable measurements of CSI-RS of these cells. 

i. A maximum number may be configured (ex: two offset values may be sufficient). 

ii. A single duty cycle could be supported with different offsets. Further consider limiting overhead by enabling multiple offsets for lower duty cycles only. 
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