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1 Introduction

It’s agreed in RAN1 #60 that inter-cell orthogonality is the CSI-RS design target and no CSI-RS power is borrowed from data RE. In addition, data muting should be studied for multi-cell CSI measurement [6]:
· Consider the impact of muting on UE interference measurement

· Consider the impact on Rel-8 UE 

In this contribution we further consider CSI-RS muting and introduce partial muting to decrease the muting overhead as well as to provide accurate inter-cell interference measurement on CSI-RS RE.
2 Discussion on inter-cell CSI-RS muting
CSI-RS was introduced in LTE-A to support high order MIMO and CoMP while keeping the legacy cell specific RS fully compatible with Rel-8 and Rel-9 UEs. The goal for CSI-RS is to enable efficient channel measurement for UEs of Rel-10 and beyond. 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. Because CSI-RS have lower density than CRS and can’t borrow power from data, 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. 
2.1 CSI-RS partial 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. Two examples are given below.
· For the CSI-RS pattern in figure 1a with reuse factor=3, the full muting scheme and partial muting are shown in figure 1b and figure 1c, respectively. For the partial muting, in one RB cell3 only mutes PDSCH where cell1 and cell2 transmit CSI-RS on antenna ports {1,3,5,7}; in the alternative RB, the muting RE locations of cell3 are switched to where cell1 and cells send CSI-RS on antenna ports {2,4,6,8}.




 EMBED Visio.Drawing.11  [image: image1.emf]R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

1

2

 

s

u

b

-

c

a

r

r

i

e

r

s

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

1

m

s

R

4

R

3

R

5

R

6

R

2

R

1

R

7

R

8

R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

R

4

R

3

R

5

R

6

R

2

R

1

R

7

R

8

CSI-RS RE and fullmuting RE of cell 3



 EMBED Visio.Drawing.11  [image: image2.emf]R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

1

2

 

s

u

b

-

c

a

r

r

i

e

r

s

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

1

m

s

R

4

R

3

R

5

R

6

R

2

R

1

R

7

R

8

R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

R

4

R

3

R

5

R

6

R

2

R

1

R

7

R

8

CSI-RS RE and partial muting RE of cell 3


                         (1a)                                                (1b)                                               (1c)
Figure 1 Full-muting and partial-muting with reuse factor=3
· For the CSI-RS pattern in figure 2a with reuse factor=6, its full muting scheme and partial muting scheme are given in figure 2b and 2c, respectively. For partial muting, in one RB cell4 only mutes PDSCH where all other cells transmit CSI-RS on antenna ports {1,2,5,6}; in alternative RB, the muting RE locations of cell4 are switched to where all other cells send CSI-RS on antenna ports {3,4,7,8}.
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                         (2a)                                                (2b)                                               (2c)

Figure 2 Full-muting and partial-muting with reuse factor=6
Partial muting certainly decreases the total overhead involved in CSI-RS transmission. Assume CoMP measurement set size equals to L and each cell in set has P CSI-RS ports, then full-muting consumes L*P RE/PRB in CSI mechanism, while partial muting cuts the total overhead down to (L+1)*P/2 RE/PRB if muting is only applied to half of full muting. Table 1 shows the overhead comparison between partial muting and full muting, where the overhead is defined as (L*P)/(12*14*10) for full muting and [(L+1)*P/2]/(12*14*10) for partial muting. Here CSI-RS cycle is assumed to be 10ms. It can be seen that by applying the partial muting, the total overhead in CSI mechanism for CoMP measurement set size up to 3 matches the benchmark value of CSI-RS overhead in [5]. 
	CoMP measurement set size
	Full muting
	Partial muting

	
	4 ports CSI-RS
	8 ports CSI-RS
	4 ports CSI-RS
	8 ports CSI-RS

	2
	0.48%
	0.95%
	0.36%
	0.71%

	3
	0.71%
	1.43%
	0.48%
	0.95%

	6
	1.43%
	2.86%
	0.83%
	1.67%


Table 1 Overhead comparison between full-muting and partial-muting
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. 
2.2. CSI-RS muting impact on Rel-8/9 PDSCH 
CSI-RS is transmitted across system bandwidth, so is muting. If CSI-RS is transmitted in subframes where Rel-8/9 PDSCH can be carried, the legacy UE is not aware of such muting and takes the inter-cell interference as the PDSCH to be received. In this section we simulated CSI-RS muting impact on Rel8 PDSCH by full muting, partial muting and no muting. In simulation, we assume 8 CSI ports in each cell. Simulation parameters are listed in Table 2 of Appendix. 
Figure 3 shows the throughput counted in whole radio frame. It shows that Rel-8 PDSCH has small performance difference among full muting, partial muting and no muting when CoMP measurement set size is no larger than 3; however, when CoMP measurement set size gets larger, e.g. equal to 6, partial muting has obvious smaller performance degradation on Rel8 PDSCH than full muting.
2.3 CSI-RS channel estimation MSE of Rel-10 CoMP UE

The simulation for Rel-10 PDSCH performance is run on a link-level simulation platform combined with system-level interference information. CSI-RS pattern of reuse factor equal to 3 and 6 as shown in Figure 1 and Figure 2 are applied in simulation. The simulation methodology we used is given below. More detailed simulation parameters are listed in Table 3 in Appendix.
· First, UE’s are dropped in system-level simulation platform with 57 cells and 10 UE’s per cell. With pathloss and interference information for every UE, the CoMP measurement set and the cooperating set are assumed to be the set of best cells within a 10 dB pathloss window. The maximum number of cells in the CoMP measurement set is equal to CSI-RS reuse factor, i.e. 3 or 6. SINR information is counted for each UE in pathloss window, and is saved for PDSCH and CSI-RS RE respectively, under the condition of no muting, full muting and partial muting.
· Then we simulate CSI-RS muting performance in link-level simulation platform. Noise is added to PDSCH and CSI-RS based on the saved SINR, which could reflect the differentiations on muting operations. MSE in Figure 4 is the average over all UE.
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Figure 3 CSI-RS muting impact on Rel8 PDSCH
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Figure 4 Channel estimation MSE for serving cell CSI-RS
Figure 4 shows that CSI-RS MSE of full muting and partial muting is much better than without muting, and muting with larger reuse factor has much lower channel estimation bias. Average MSE of partial muting is a little higher than full muting. 
3 Conclusions

We have discussed the design and performance of CSI-RS partial muting in this contribution. Compared with full muting, partial muting not only improves CSI channel estimation, but also keeps true interference on some of CSI-RS RE.  The simulation shows that 

· When CoMP measurement set size becomes large, partial muting has obvious smaller performance degradation on Rel8 PDSCH than full muting. 

· For Rel-10 CoMP UE, CSI estimation MSE of partial muting is slightly higher than full muting, but its muting overhead is almost half-way lower than full muting. 
We will provide more simulation results in next meeting to fully compare partial muting and full muting.
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Appendix. 

	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 
	Parameter description
	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 measurement set
	2~3 or 2~6, depending on how many cells fall within the path loss window

	Path loss window for CoMP measurement set
	10 dB

	PDCCH length
	3 symbols

	Channel estimation
	2D-MMSE

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


Table 3 Simulation parameters of channel estimation MSE on CSI-RS[image: image8.png]
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