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1 Introduction

Impacts of PDSCH RE muting on Rel8 PDSCH and muting benefits on inter-cell CSI measurements were extensively discussed in RAN1#60bis and #61 meeting. It’s observed that transparent muting has an impact on Rel-10 UE. [1]
CSI-RS muting evaluation proceeds in two steps: in the first step only the impacts to channel estimation MSE due to inter-cell RE muting are evaluated, while in the second step the throughput benefits of RE muting to intra-site CoMP is evaluated. Also the impact of RE muting to Rel’8 UEs is to be evaluated. In RAN1#60bis meeting simulation assumptions for step 2 evaluation were agreed.[2]
In this contribution we present our evaluation results in the two evaluation steps and introduce partial muting design to support configurable muting design.
2 Introduction on inter-cell partial muting

CSI-RS was introduced in LTE-A to support high order MIMO and CoMP. In order for UE to estimate the channel information of non-serving cells in CoMP measurement set, CSI-RS of those non-serving cells should have good receiving quality in serving cell. CSI-RS muting mechanism can mute PDSCH RE’s from stronger interfering cells, and therefore greatly improve the inter-cell measurement quality of CSI-RS. On the other hand, CSI-RS muting increases the overhead associated with CSI-RS transmission and also impacts the accurate CQI calculation since some real interference from strong interfering cells is lost from measurement due to muting. 

As indicated by terminology, partial muting only mutes PDSCH transmission in some of RE’s overlapping with CSI-RS from interfering cells while keeps PDSCH transmission as normal in rest of RE’s overlapping with CSI-RS from interfering cells. In contrast, the full muting referred in this paper mutes all PDSCH RE’s that overlaps with CSI-RS in all involved interfering cells. 

For CSI-RS pattern of reuse factor=6 in Figure 1a and pattern of reuse factor=3 in Figure 2a, the examples of full muting are given in Figure 1b and Figure 2b respectively, and the corresponding partial muting are given in Figure 1c and Figure 2c. In partial muting, each cell alternatively chooses different RE’s for muting. For example, in one RB cell 1 only mutes PDSCH RE’s where all other cells transmit CSI-RS on antenna ports {1,2,5,6}; in alternative RB, the muting RE locations of cell 1 are switched to where all other cells send CSI-RS on antenna ports {3,4,7,8}.
Compared to full muting, partial muting has following merits:

· Partial muting certainly decreases the total overhead involved in CSI-RS transmission. 
· Besides the saving of overhead, partial muting keeps true interference in non-muted RE for UE to measure the actual interference and calculate the CQI.
·  If CSI-RS is located in URS symbol, full muting would influence URS transmission in this symbol. This can be avoided by partial muting by muting only data RE overlapping with CSI-RS from interfering cells and keeping URS transmission even though the URS RE overlaps with CSI-RS from interfering cells. One example of using partial muting to maintain port-5 URS transmission is shown in figure 3.

[image: image1.emf]1a     CSI-RS inter-cell multiplexing pattern

1

1

3

2

3

2

7

3

1

1

1

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

0  l

0

0

0

0

1

1

2

3

2

3

1

1 0

0

0

0

13



l

Frequency

time

2

6

4

8

5

CSI-RS Of Cell 3

CSI-RS Of Cell 4

CSI-RS Of Cell 1

CSI-RS Of Cell 2

CSI-RS Of Cell 5

CSI-RS Of Cell 6

DMRS

CRS

Data RE

Muting RE

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

1



 EMBED Visio.Drawing.11  [image: image2.emf]1b  CSI-RS RE and fullmuted RE of cell 1

1

1

3

2

3

2

1

1

0  l

0

0

0

0

1

1

2

3

2

3

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

1

1

0

0

0

0

13  l

Frequency

time

1

1

3

2

3

2

1

1

0

0

0

0

1

1

2

3

2

3

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

1

1

0

0

0

0



 EMBED Visio.Drawing.11  [image: image3.emf]1c  Partial muting of cell 1 

1

1

3

2

3

2

1

1

0  l

0

0

0

0

1

1

2

3

2

3

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

1

1 0

0

0

0

13



l

Frequency

time

1

1

3

2

3

2

1

1

0

0

0

0

1

1

2

3

2

3

3

4

5

6

7

8

1

2

3

4

5

6

7

8

1

2

1

1 0

0

0

0


Figure 1 CSI-RS inter-cell multiplexing pattern with reuse factor=6  
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[image: image6.emf]2c Partial muting of cell 1 
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Figure 2 CSI-RS inter-cell multiplexing pattern with reuse factor=3
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Figure 3 CSI-RS partial muting with avoid local-cell URS 
3 Evaluation on inter-cell CSI-RS muting
In this section we will compare the performances of no muting, full muting and partial muting. The CSI-RS patterns shown in Figure 1a and Figure 2a are applied in the simulation, where cell-1 is the serving cell. The full muting and partial muting are simulated according to Figure 1 and Figure 2. The reuse factor, which is chose from {3,6} in the simulation, is assumed the same as CoMP measurement set size.
3.1 Benefits of RE muting to intra-site CoMP
The simulation for Rel-10 PDSCH performance is run on a link-level simulation platform taking into account the system-level interference information. CSI-RS patterns of reuse factor equal to 6 and 3 as shown in Figure 1 and in Figure 2 are applied in simulation. The detailed simulation methodology is given below. More simulation parameters are listed in Table 1 in Appendix.
· First, UEs are dropped in system-level simulation platform with 57 cells and 10 UEs per cell. With slow fading information and interference information for every UE, the CoMP cooperating set is the set of serving cell and non-serving cells within a 10 dB pathloss window, and meanwhile is the subset of CoMP measurement set whose size equals to CSI-RS reuse factor (3 or 6). For each CoMP UE, one muting set is defined as non-serving cells in the CoMP measurement set, and the slow fading information of each cell in the muting set is recorded, in addition to the thermal noise and total interference from other non-serving cells outside the muting set.
· Then we simulate CSI-RS muting performance in link-level simulation platform. Given the condition of no muting, full muting and partial muting, instantaneous SINR information is calculated for both PDSCH and CSI-RS RE of each CoMP UE based on saved slow fading, interference and noise information, and fast-fading information. Note that the differentiation on SINR’s between PDSCH and CSI-RS due to muting operation is reflected in the simulation. 
CSI-RS is transmitted across system bandwidth, so is muting. PDSCH mapping avoids CSI-RS muting locations. 
The normalized MSE in Figure 4 is the average over all UE’s dropped in serving cell. MSE without muting is higher than MSE based on CRS only and MSE with muting. Without muting, MSE based on CSI-RS measurement from non-serving cells is beyond 0.75. The simulation also shows that, given the measurement set size, as the muting amount increases from no muting to partial muting and then to full muting, the MSE performances on both serving and non-serving cells are improved. Meanwhile, the larger the measurement set size (or equivalently the muting set size), the better the MSE performance. So muting does improve the quality of CSI-RS estimation. 
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Figure 4 CSI-RS channel estimation MSE 
Figure 5 shows the throughputs of Rel-10 CoMP UE, considering no muting, partial muting and full muting with reuse factor equal to 3. It indicates about 10% performance gain by applying full muting, and about 8.7% performance gain by applying partial muting. In the simulation, CoMP scheme is coordinated beam-forming as described in R1-101956; PMI, CQI and RI information are calculated from CSI-RS measurement; AMC and OLLA are used; muting overhead is also taken into account. 
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Figure 5 Average throughput of Rel-10 CoMP UE
3.2 CSI-RS muting impact on Rel-8/9 PDSCH 
In this section we show by simulation the CSI-RS muting impact on Rel8 PDSCH assuming full muting, partial muting and no muting, respectively. In simulation, 8 CSI ports are assumed in each cell. Simulation parameters are listed in Table 2 of Appendix. 
Figure 6 shows that Rel-8 PDSCH throughput has small difference among full muting, partial muting and no muting when CoMP measurement set size is up to 3; however, when CoMP measurement set increases, performance degradation due to muting starts to get larger and the benefit of partial muting over full muting also becomes obvious. 
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Figure 6 CSI-RS muting impact on Rel8 PDSCH
4 Conclusions

In this contribution, we investigate the benefit of PDSCH muting to intra-site CoMP UE. Our observations from the evaluation results are given below:

· Based on MSE comparison, muting can improve inter-cell CSI-RS estimation quality.

· Based on throughput comparison, full muting gives about 10% higher throughput than without muting, and partial muting gives about 8.7% higher throughput than without muting.

On the other hand, PDSCH muting decreases the throughput of Rel-8/9 UEs and Rel-10 non-CoMP UEs due to larger overhead than CSI-RS itself[2][4]. Compared to full muting, partial muting can decrease the total overhead involved in CSI-RS transmission and keep true interference in non-muted RE for UE to measure the actual interference and calculate the CQI. In addition, partial muting can also make it possible to keep port-5 URS transmission and CSI-RS muting in the same subframe. 
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Appendix
	Simulation Parameters
	Value / Comment

	Transmission bandwidth
	10 MHz

	Deployment configuration
	Drop 10 UE in each of 57sector,

	ISD   
	500(m)  

	Transmit antenna configuration
	4 Tx per cell, Antenna spacing distance: 4(

	Receive antenna configuration
	2 Rx, Antenna spacing distance: 0.5(

	Channel model
	3GPP case1

	Number of cells within CoMP cooperating  set
	1~3 or 1~6, depending on how many cells fall within the path loss window

	Path loss window for CoMP cooperating set
	10 dB

	PDCCH length
	3 symbols

	CRS
	2 antenna port

	Channel estimation for demodulation
	Ideal

	CSI-RS reference patterns 
	Pattern in Figure 1 

	Channel estimation for PMI/CQI computation
	2D –MMSE on CSI-RS 

	Detector
	MMSE receiver

	Channel coding
	Rel’8 turbo coding, CBRM

	Modulation, code rates
	Link adaptation over Rel’8 MCS

	HARQ
	Disable

	Precoding
	4-bit Rel-8 codebook

	Feedback
	4 PRB granularity, 5 ms delay

	Transmission rank
	Rank 1 always


Table 1 Simulation parameters of RE muting performance to intra-site CoMP
	Simulation Parameters
	Impact of CSI-RS puncturing on legacy Rel-8 PDSCH performance

	Carrier frequency 
Transmission bandwidth
	2 GHz  
5 MHz

	UE antenna configuration
	2 Rx uncorrelated

	eNB antenna configuration
	2 Tx uncorrelated  

	Channel model, UE velocity
	SCM  3 km/h

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per subframe

	Scheduling in time
	Scheduling in every downlink sub-frame

	Channel coding (PDSCH)
	Rel-8 turbo coding

	Number of allocated PRB
	4 PRB (contiguous allocation)

	MCS, HARQ & link adaptation 
	AMC+no HARQ

	Detector
	Alamouti

	Precoding/feedback granularity 
	4 PRB 

	Transmission rank
	SFBC

	Common reference signal configuration
	2 port Rel-8 CRS in every sub-frame

	CSI-RS allocation
	Full bandwidth, single sub-frame

	CSI-RS duty cycle configuration
	10 ms interval

	CQI/PMI reporting delay modeling
	five subframes between time of measurement at UE and use for precoding at eNodeB 

	CSI-RS reference patterns 
	Pattern in Figure 1 and Figure 2 

	Channel estimation for CQI/PMI selection
	2DMMSE Channel estimation over CRS for CQI

	Channel estimation for demodulation
	Ideal channel estimation

	Simulation output
	PDSCH throughput vs. SNR. 


Table 2 Simulation parameters of CSI-RS muting impact on Rel8 PDSCH 
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2b Full muting of cell 1


Frequency


time


1



_1338288772.vsd
�

Data RE


�

�

34


56


78


12


34


56


78


12


Frequency


time


1


URS


CSI-RS Of Cell 1


CRS


Mute RE


34


56


78


56


78


34


78


12


34


12



_1337876634.vsd
�

�

�

�

�

�

34


56


�

78


12


�

34


56


78


12


�

�

�
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