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1 Introduction

The introduction of Channel State Information Reference Signal (CSI-RS) aims at measuring CSI of the serving cell and neighbor cells. The CSI, including Channel Quality Indicator (CQI), Precoding Matrix Indicator (PMI), Rank Indicator (RI), is fed back to eNB by User Equipment (UE) for determining appropriate transmission modes and scheduling options. The accuracy and feedback quality of measured CSI has direct impact on the achievable system performance.
In order to improve accuracy of CSI measurement, the possibility of increasing the number of punctured Resource Elements (REs) with the aid of muting has been discussed in RAN1. The system performances including Mean Square Error (MSE), link throughput, and impact on legacy UEs have been extensively evaluated at RAN1#61 and RAN1#61bis meetings. The observation and way-forward are re-captured below [1]:
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
Way Forward
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, the need for muting on CSI-RS for multi-cell CSI measurement and how to support muting if supported are discussed, respectively.
2 The need for muting on CSI-RS
In Rel-10, the introduction of CSI-RS supports not only SU-MIMO/MU-MIMO and high-order MIMO, but also Coordinated Multi-Point (CoMP) transmission and Heterogeneous Networks (HetNet). In the above scenarios, accurate inter-cell CSI measurement and muting function can help to improve the achievable system performance.
Downlink CoMP can be classified into two types, namely Joint Processing/Transmission (JP/JT) and Coordinated Scheduling/Beamforming (CS/CB) [2]. In such a multi-cell CoMP environment, for example, the UE should have the knowledge of the serving cell and the neighbor cells’ CSI-RS configuration. Moreover, in order to minimize interference imposed on neighbor cells from the serving cell and thus improve channel measurement quality in the neighbor cells, it is beneficial to mute the Resource Element (RE) positions in the serving cell, which are simultaneously used by neighbor cells’ CSI-RS transmissions. Without exceeding the value of the maximum reuse factor, the muting operation can guarantee inter-cell orthogonality of CSI-RS patterns.
Fig. 1 shows a general CoMP scenario where three cells are deployed with CSI-RS RE muting support. In each cell, CSI-RS patterns with different time/frequency shifts for 8 antenna ports are adopted. Those REs in the serving cell, which are used by CSI-RS transmitted by neighbor cells are muted to ensure the accuracy of CSI measurement at neighbor cells. According to proposals from previous email discussion [3], Mean Square Error (MSE) and link throughput performance can be improved by CSI-RS with PDSCH muting, in comparison to the scenarios of CSI-RS without muting or the scenario of CRS presence.
[image: image1.png]CSIRS of Cell # [Muted RE of Cell #1
CSIRS of Cell #2 N\IMuted RE of Cell #2
CSIRS of Cell #8 Muted RE of Cell #3




[image: image2.png]Cell #1
012345678910111213




   [image: image3.png]012345678910111213

Cell #2

e
A EmE
SeEREE

EEEEEEEEE =




   [image: image4.png]Cell#3
0123456789

10 1112 13





Fig. 1: CSI-RS RE muting coordination on inter-cell scenario (three-cell example).
Based on the discussion above, the need for muting on CSI-RS is visible. Note that muting has negative impact on Rel-8/9 UEs. More specifically, the use of muting results in an increased number of punctured PDSCH REs, which inevitably further degrades the performance of legacy UEs that already suffer from CSI-RS puncturing in their serving cell. In order to minimize impact on legacy UEs, it is desirable to avoid scheduling legacy UEs to the subframes where CSI-RS and muting are enabled.

Proposal 1: PDSCH muting is supported in multi-cell CSI-RS design for Rel-10.

3 Signaling support for muting
3.1 Configurable muting for CSI-RS
PDSCH muting has been shown to have benefits on MSE and link throughput performance improvement according to many companies’ analysis and simulation results [1][4]. However, it is not visible in current stage that whether other advanced deployment scenarios could get benefit from muting. In order to maximize backward and forward compatibility, muting should be configurable for various network deployment options.
If the muting function is configurable based on certain criteria, the overall system performance can be optimized. For example, it has been shown that PDSCH muting can improve MSE and link throughput when UEs are at the cell edge [5]. Other approaches for muting mode switching, such as methods based on the UE category, are also possible. For instance, if the majority of the UEs in the cell are Rel-10-or-beyond UEs, muting can be enabled for improving inter-cell CSI measurement to facilitate CoMP deployment.
Proposal 2: PDSCH muting should be configurable in CSI-RS design for Rel-10.

3.2 Signaling for muting
At RAN1#61bis meeting, it was agreed that transparent muting has an impact on Rel-10 UE. Naturally, it is beneficial for the UE to know the location of muted REs in the serving cell. Therefore, signaling support for muting is necessary.
The signaling for muting may include the following four aspects:
· Muting subframe offset
This parameter indicates the subframe where PDSCH RE muting is enabled.
· Muting indicator
An indicator for the presence of muting should be available for enabling or disabling the muting function.
· Muting periodicity
This information indicates the periodicity of muting when it is enabled. The value of the muting periodicity, 
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. In other words, muting periodicity should be no smaller than the periodicity of serving-cell CSI-RS transmission. Such a subframe-level partial muting strategy allows flexible control on muting overhead. Moreover, in order to minimize the impact from PDSCH muting on legacy UEs, the locations of muted REs should be restricted to the same subframes where serving-cell CSI-RS transmission is conducted.
To reduce signaling overhead, it is desired to embed the muting indicator in the muting periodicity field. For instance, we can use the periodicity of 0 ms to represent the option of disabling muting, while non-zero values indicate the enabling of muting as well as the specified periodicity. An example is given in Table 1.
Table 1: Muting periodicity.
	Value
	Remark

	0
	Disable muting function

	5 ms
	Enable muting with periodicity of 5 ms

	10 ms
	Enable muting with periodicity of 10 ms

	20 ms
	Enable muting with periodicity of 20 ms


· Muting pattern index list

This field is needed to indicate the set of REs on which a specific CSI-RS pattern is mapped will be muted. For a specific antenna port option, such as 2, 4 or 8 ports, the pattern list can be generated by indexing different reuse patterns in a one-to-one mapping. Table 2 provides the CSI-RS pattern reuse factor for FDD.
Table 2: Reuse factor for FDD.
	FDD
	Reuse Factor

	Antenna Port
	Normal cyclic prefix
	Extended cyclic prefix

	2
	20
	16

	4
	10
	8

	8
	5
	4


When receiving information about CSI-RS patterns used by neighbor cells, the eNB will add corresponding pattern indices to the muting pattern list. The size of the muting pattern list in the serving cell depends on the number of neighbor cells that need muting support from the serving cell. The muting pattern index list will be signaled to the UE such that it knows which set of REs should be muted for improving CSI measurement in neighbor cells concerned. 
Note that the design of pattern index list above is based on the assumption that the same antenna port configuration is used in the serving cell and the neighbor cells. If different number of antenna ports are used by different neighbor cells, for example in the HetNet scenario, the pattern index list should be extended to guarantee inter-cell orthogonality of CSI-RS patterns, by incorporating relevant pattern indices corresponding to the different number of antenna ports.
· Power boosting offset
This field is used to indicate the power boosting factor for CSI-RS REs compared to data EPRE. If it is not desirable to reuse the saved power of muted REs for PDSCH and DM-RS REs [5], then CSI-RS can be the candidate beneficiary. Considering the maximum power boosting limitation in Rel-8/9 and signaling overhead, the power boosting offset should be defined as a restricted set, for example {0dB, 3dB, 6dB}.
The configuration parameters for muting signaling are summarized as below:
Muting {


Muting_Subframe_Offset,


Muting_Periodicity,



Muting_Pattern_Index_List,



Power_Boosting_Offset
}

Based on our analysis, explicit signaling is preferred for CSI-RS signaling design and a CSI-RS configuration set is defined for CSI-RS signaling in [6]. Since the muting function is part of CSI-RS signaling design, it is desirable to combine the configuration parameters defined for PDSCH muting with CSI-RS signaling for minimizing specification impact. Therefore, the following combined CSI-RS configuration including muting support is proposed as follows:
CSIRS_Configuration_Parameter_Set {


CSIRS_Configuration {…}
,


Muting {…}

}
Proposal 3: Muted REs should be located within the subframes where serving-cell CSI-RS transmission is conducted.
Proposal 4: A configuration parameter set including the stated fields is accepted for PDSCH muting signaling support.
Proposal 5: Muting signaling should be combined with CSI-RS signaling for transmission through explicit signaling methods.
4 Conclusion
In this contribution, we have discussed the need for muting function and potential signaling support for muting in CSI-RS design. Our proposals are summarized below:
Proposal 1: PDSCH muting is supported in multi-cell CSI-RS design for Rel-10.

Proposal 2: PDSCH muting should be configurable in CSI-RS design for Rel-10.

Proposal 3: Muted REs should be located within the subframes where serving-cell CSI-RS transmission is conducted.
Proposal 4: A configuration parameter set including the stated fields is accepted for PDSCH muting signaling support.
Proposal 5: Muting signaling should be combined with CSI-RS signaling for transmission through explicit signaling methods.
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� The detailed parameters of CSIRS_Configuration are provided in [6].
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