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1 Introduction

It was observed in the RAN1 61bis meeting that CSI-RS with PDSCH muting improves the inter-cell channel measurement performance and the CoMP UE throughput performance in comparison with CSI-RS without PDSCH muting and CRS. Thus muting is beneficial for CoMP schemes that requires inter-cell measurement in the future release. It was also pointed out that since muting requires to drop more data REs in addition to CSI-RS RE, the introduction of muting in future release (>Rel-10) would cause negative impact on Rel-10 UE, in a similar manner that Rel-8/9 legacy UEs are affected by muting in Rel-10.
In order to balance the potential Rel-10 UE performance degradation and Rel-10 specification impact, companies were encouraged to study the muting impacts on standard and to decide whether and how to support muting in Rel-10 [1]. Several aspects have been identified that may have impact on specification, including:
· 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

This contribution analyzes the standards impact of muting in Rel-10 in these aspects. Principles for muting design and detailed solutions are given. It is shown that compared with CSI-RS signalling design, the PDSCH muting has small additional impact on specification. Considering the benefits of muting for UE measurement at the edge of its serving cell (especially for certain Het-Net scenarios) as well as inter-cell measurement in the future release, and the potential negative impact on Rel-10 UE if muting is not introduced in this release, it is recommended that muting be supported in Rel-10. Furthermore, the proposed simple solutions may be considered as an approach to minimize standards impacts.

2 Specification impact of muting
The CSI-RS patterns for 2/4/8Tx are agreed in the RAN1 61bis meeting [2], as below:
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Fig.1 8Tx CSI-RS pattern in normal CP

Numbers in figure1 represent orthogonal CSI-RS reuse pattern.

Patterns in the left figure are mandatory in both FDD and TDD while the patterns in the right figure are mandatory in TDD and optional in FDD. The CSI-RS pattern for 2/4Tx can be obtained via nested structure property. Only normal CP is discussed in this contribution, but all the analysis and conclusions apply to extended CP as well, without impacting the signalling design mechanism and required bits sizes.
The number of available CSI-RS patterns for the serving cell is listed in table 1.
Table 1. Number of available CSI-RS patterns for the serving cell

	Number of CSI-RS ports 
	2
	4
	8

	Normal CP
	20
	10
	5

	Normal CP w/o. port 2/3
	32
	16
	8


Theoretically, muting pattern can be chosen as any one of the available CSI-RS pattern other than the serving cell. For simplicity, it is desirable that the muting patterns do not contain the patterns in OS 9/10 and OS 8/10 simultaneously. Thus the maximum muting reuse factor for homogeneous network is:

Table 2. Maximum muting reuse factor for homogeneous network
	Number of CSI-RS ports 
	2
	4
	8

	Normal CP
	19
	9
	4

	Normal CP w/o. port 2/3
	19
	9
	4


Since muting can also be used in Het-Net to protect CSI-RS detection of the victim UE from strong interference from aggressor cell, such as in the scenarios of femto/macro or pico/macro with high range extension value, the maximum muting reuse factor in het-net could be larger than the ones shown in table2, if needed.

Based on the current agreement, the specification impacts of muting are analyzed in the following sections.
2.1 Rate matching

It has been agreed in RAN1 60bis that rate matching should be applied to the CSI-RS locations of Rel-10 UE, i.e. RE mapping of PDSCH of the serving cell avoids CSI-RS of the serving cell. The implementation effort at eNB and UE is quite limited and only requires that the eNB adjusts the output of rate matching module to the number of symbols available for the transmission of one transport block, taking into account the reduced number of REs induced by inserting CSI-RS.
Similar to CSI-RS insertion, muting has trivial standard effort due to rate matching and the eNB simply needs to adjust the output considering the reduced number of REs caused by both the serving cell CSI-RS and the muted REs.
 Only a simple adjustment is needed to the description for mapping to resource elements in [5] section 6.3.5: “they are not used for transmission of PBCH, synchronization signals, cell-specific reference signals, muted resource elements, MBSFN reference signals or UE-specific reference signals,” 
In addition, RAN4 needs to define the corresponding test cases.
It is up to the implementation to adjust the MCS and to compensate the reduced number of REs. Moreover, it is possible to limit the number of muting patterns so that the output size of the rate matching module would have a small set. Limiting the muting patterns is also beneficial to reduce the muting signalling and test cases.
2.2 Power usage of muted RE

As discussed in a companion contribution [3], it is natural to define the serving cell CSI-RS EPRE as a ratio to the CRS EPRE, which may be indicated by an offset expressed in dB.
When muting is turned on in the network, the power of the muted PDSCH REs may be utilized to boost the CSI-RS if the muting REs locate in the same OFDM symbols as the serving cell CSI-RS RE. The muted cells need to coordinate the muting patterns, which is transparent to UE.
· Proposal: Muted REs should locate in the same OFDM symbols as the serving cell CSI-RS RE in order to utilize the muted RE power

2.3 Muting signalling design 
Muting configuration
The eNB should be able to turn on/off muting function based on the network deployment, traffic, UE capabilities, etc. For example, in the initial stage when there are few Rel-10 UEs, muting can be turned off to reduce the impact on legacy UE; in later stage when there are many Rel-10 UEs, muting can be turned on to facilitate the serving cell measurement, especially for cell edge UEs (simulations in Appendix); in the future release, muting is turned on for inter-cell measurement for Het-Net or CoMP schemes.
It is therefore obvious that muting of PDSCH REs should be configurable in a cell-specific manner and its standards impact is very small.

Muting duty cycle

It is possible that the different cells in the muting cluster will have different CSI-RS duty cycle, especially in Het-Net where the femto/pico cells may have longer CSI-RS period than Macro cells in the same muting cluster. The muted RE should locate in the same subframe as the serving cell CSI-RS and the muting duty cycle could have a longer period than that of the serving cell CSI-RS, which can facilitate the Het-Net scenario above and enable partial muting in subframe domain as well. Moreover, the muting subframe offset needs to be indicated by 3bits (i.e, 5ms out of 40ms).
Proposal: Muting duty cycle is chosen from the CSI-RS duty cycle set and is no less than the serving cell duty cycle. 
Muting pattern indication
To facilitate muting, the UE needs to be informed of the muting patterns, including the number of CSI-RS ports of the muted pattern and the corresponding RE positions. 
1. Method 1: Direct indication
A most straightforward method is to indicate the number of ports and RE position explicitly. The formula is as below:
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indicates the muted pattern for the corresponding CSI-RS port, according to table2.
Method1 is simple and straightforward, but the number of signalling bit is relatively large and it increases along with the number of muted cells. An improved method is then proposed to address these concerns.

2. Method 2: Improved direct indication
With this method, a bit map is used to indicate the muted RE position, while each bit represents a 2-port pattern. At maximum, a 20-bit bit map can be used to represent all the 2-port patterns.

As described in section 2.2, in order to utilize the muted RE power, it is desired that the muted REs should locate in the same OFDM symbols as the serving cell CSI-RS RE. Thus the size of bit-map can be reduced to 12bits to indicate the muting pattern of OS 5/6, OS 9/10, OS 8/10 or OS 12/13. An example is shown in figure2.
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Fig.2 Example of bit-map indication for muting pattern signalling reusing muted RE power 
The dark green is the 8-port serving cell RE while the light blue is the muting cells’ RE. In this example, the muting cells include 2/4/8-port cell. Define “1” represents muting and “0” represents non-muting, the bitmap for the muting pattern in figure2 is:”0011 0000 1110”. 

The bit-map size can be further reduced if the serving cell RE position is not included, thus the signalling for muting pattern in figure 3 is reflected by 8 bits as “1100 1110”. With 2/4/8 port serving cell CSI-RS, the size of bitmap is 11/10/8 bit respectively.
With improved direct indication method, the muting cluster can be flexibly configured and the signalling size is fixed for a given number of CSI-RS ports of the serving cells. There is no need to inform the muting configuration, since all zero means no muting automatically. Moreover, the number of CSI-RS ports of the cell that benefits from muting does not need to be indicated and it is especially convenient for Het-Net scenario.
3. Method 3: Pre-defined muting clusters
In order to further reduce the muting signalling overhead, the muting cluster can be predefined by specification and a muting cluster size is informed to the UE; then the whole cluster is muted when muting is turned on, except for the CSI-RS REs of the serving cell.
An example of this method is given in figure3:
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Fig.3 Example of predefined pattern method for 4 CSI-RS port
First of all, the serving cell CSI-RS location will implicitly decides the muting cluster location, according to section 2.1 in [3]. For example when the serving cell has 4 CSI-RS ports, then when muting is turned on in the system, if the muting cluster size=3 is informed to the UE, the total 8 REs left in the cluster are muted; if the muting cluster size=6 is informed to the UE, the total 20 REs in the clusters are muted. To confine the muting pattern while maintain certain flexibility, 2 bits signalling can be used to convey size {3,6,9,12} in 2 port case, {2,3,6} in 4 port case and {2,3} in 8 port case. 
With this method, the pattern of each size needs to be predefined by specification. Since the whole muting cluster is muted, it may limit the cluster formation flexibility or result in muting unnecessary REs, especially in het-net scenario.
Table 3 analyses the required muting signalling bits for the three methods:
Table3. Required muting signalling bit

	
	Method1: 
Direct indication method
	Method2: 
Improved direct indication method (12-bit bitmap)
	Method3: 
Pre-defined pattern method

	Muting configuration (enable/disable)
	1
	0
	1

	Number of muted cells
	N
	0
	0

	Number of CSI-RS ports of the muted pattern
	2
	0
	0

	Muting pattern
	5
	12
	2 (muting cluster size)

	Muting duty cycle
	3 (same size as serving cell CSI-RS duty cycle set)

	Muting subframe offset
	3 

	Required bits
	1+ N*(2+5)+3+3=7+7N 
	12+3+3=18 
	1+2+3+3=9


The pros and cons of each method are summarized here:

· Method1: Direct indication
· Pros: Simple and straightforward

· Cons:
· Largest signalling overhead

· Signalling overhead increases along with the number of muted patterns
· Method2: Improved direct indication
· Pros

· Signalling size is fixed

· Flexible muting cluster formation, for homogeneous network and Het-Net
· No need to inform muting configuration and the number of CSI-RS ports of the muted pattern;

· Cons: Medium signalling overhead

· Method3: Pre-defined muting clusters
· Pros

· Smallest signalling overhead

· Signalling size is fixed

· No need to inform the number of CSI-RS ports of the muted pattern 
· Cons

· Need to specify the pre-defined pattern and the cluster formation flexibility is limited

· May mute unnecessary REs

Both methods 2 and 3 could be further considered for muting signalling. Method 2 provides flexible muting configuration while method 3 reduces the required signalling bits. Since muting signalling bits would probably be sent by higher layer signalling with a relatively large period, the signalling overhead should not be a key issue in muting design. In addition, the muting signalling design is also dependent on the CSI-RS pattern signalling design.
3 Conclusions
This contribution analyzes the aspects of muting impact on specification. 
It was observed that:

· Similar to CSI-RS insertion, muting has trivial standard effort for rate matching 
· It is obvious that muting of PDSCH REs will be configurable in a cell-specific manner
Keeping the minimized standard efforts in mind, several principles are proposed for muting design:

· Muting of PDSCH REs should be configurable in a cell-specific manner

· Muted REs should locate in the same OFDM symbols as the serving cell CSI-RS RE in order to utilize the muted RE power

· Muting duty cycle is chosen from the CSI-RS duty cycle set and is equal to or a multiple of the serving cell duty cycle. The subframe offset is indicated in the range of 5 to 40 ms.
Three methods of muting signalling design are given, namely:
· Method1: Direct indication
· Method2: Improved direct indication
· Method3: Pre-defined pattern
Method 2 and 3 could be further considered for balancing the configuration flexibility and signalling overhead.

From the above analysis, it is shown that the PDSCH muting has small additional impact on specification. Considering the muting benefit for serving cell edge UE measurement and CoMP UE with inter-cell measurement in the future release and the potential negative impact on Rel-10 UE if muting is not introduced in this release, it is recommended that muting should be supported in Rel-10. Furthermore, the proposed simple solutions may be considered as an approach to minimize standards impacts.
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Appendix
Figure 4 shows the muting benefit for serving cell UE spectral efficiency improvement. All the simulations follow methodology in [4]. In the simulation, the CSI-RS have 6dB power boosting when muting is applied and 3dB power boosting when no muting. 
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Fig.4 muting benefit for serving cell UE spectral efficiency improvement
From the evaluations, it is shown that muting benefits not only the CoMP schemes for inter-cell measurement in future release, but also the intra-cell measurement in release 10, especially for the cell edge UEs who are more sensitive to the channel measurement accuracy.

Table 4 Simulation Assumptions for Figure4
	Transmission Bandwidth(Hz)
	5M

	Transmit antenna configuration
	4 Tx per cell

	Receive antenna configuration
	2 Rx

	Channel model, UE velocity,
	SCM – 3 km/h

	PDCCH length
	3 OFDM symbols

	Channel estimation for PMI/CQI computation
	1D+1D Wiener channel estimation on CSI-RS or Rel-8 CRS

	Channel estimation for demodulation
	1D+1D Wiener channel estimation on LTE Rel-10 DM-RS

	Detector
	MMSE receiver

	Modulation, code rates
	Link adaptation over Rel-8 MCS

	HARQ
	IR used

	Precoding
	4-bit Rel-8 codebook

	Feedback
	4 PRB granularity, 4 ms delay;10ms period

	Transmission rank
	1
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