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1. Introduction
In RAN1 #60, it was agreed that CSI RS design should allow for accurate inter-cell measurements [1]. In the agreed simulation assumptions [2], PDSCH muting needs to be evaluated in the following two aspects:

· Impact on Rel-8 legacy UE
· Muting benefit for intra-site CoMP UE
· 1st Step: MSE of inter-cell CSI measurement 
· 2nd Step:  muting benefits to intra-site CoMP UE.
In previous meetings, several companies have evaluated the impact of PDSCH muting on Rel-8 UEs [3][4][5][6]. The observations in those contributions show that PDSCH muting does not have significant impact on Rel-8 UEs. To decide whether or not PDSCH muting should be considered for further standardization, further evaluation of a possible for gains obtained with muting should be made. This contribution evaluates the benefit of PDSCH muting to intra-site CoMP UEs.
2. Benefit of PDSCH Muting to Intra-site CoMP UE
This section evaluates the MSE and throughput performance of Rel-10 UEs assuming intra-site CoMP SU-MIMO transmission in order to clarify the benefit of PDSCH muting. A multi-cell link simulation is performed. The detailed simulation assumptions are listed in the annex. The cell layout assumed is a hexagonal grid, assuming 19 cell sites with 3 sectors (total 57 cells). UEs are uniformly distributed in the cells. A link simulation is performed between a UE and its serving cell together with the co-located neighboring cells. The interference level is exported from the system simulation. The actual OFDM signals are generated for the 3 cells of interest and the signals from other surrounding 18x3 cells are assumed as random interference in the link level simulation. The random interference from the 18x3 cells is superposed with the individual interference from each cell. The individual interference contains the RS interference of whole bandwidth and the data interference which is the randomly scheduled 4 continuous PRBs. The cell edge UEs are the UEs whose RSRP of a co-located neighboring cell is within 10 dB compared to that of the serving cell. The CSI-RS pattern with reuse factor 3 used in the simulation is shown in Figure 1, which was agreed in [7].
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Figure 1- CSI-RS pattern for 4 Tx per cell with reuse factor 3 for muting within the co-located cells
2.1 MSE of inter-cell measurement
The mean squared error (MSE) performance of channel estimation is evaluated for muting and non-muting scenarios. Figure 2 shows the cumulative distribution function (CDF) of the normalized MSE and the average normalized MSE of estimated channels of each cell. The normalized MSE is defined as follows. 
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Where 
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 is the true channel coefficient between the ith Rx and the jth Tx, and the 
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 is the estimated channel coefficient. 
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Figure 2-CDF of channel estimation MSE and average channel estimation MSE
It can be seen that generally the NMSE performance of CRS is better than that of CSI-RS for the serving cell since the RS density of the CRS is much denser than that for the CSI-RS. However, for some UEs, who are close to the cell center and the sector edge, the NMSE performance of CSI-RS muting outperforms that of CRS. On the other hand, the NMSE performance of CSI-RS with muting outperforms that of CSI-RS without muting and CRS for the neighboring cells, as the interference from the PDSCH of the neighboring cells within the CoMP set is avoided.
2.2 Throughput performance evaluation for CoMP UE

A CoMP set is assumed to consist of three cells at the same site. The CBF algorithm is assumed with the best PMI companions [8], where it is assumed that in addition to reporting preferred PMI for serving cell, UE can also reports best PMIs for coordinating cells based on the estimated CSI of the coordinating cells using the CSI-RS or CRS. The best PMI for coordinating cell refers to the precoding matrix that creates the least interference to the intended UE if it is used by the coordinating cell. This algorithm minimizes the interference power of the neighboring cells in the CoMP set and maximizes the signal power of the serving cell. In fact, it’s an ideal case, however in practice the neighboring cells would not always use the reported best PMIs.
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(a) throughput CDF of all UE                                 (b) throughput CDF of cell edge UE
Figure 3-CDF of UE throughput

It can be easily seen that the CSI-RS with muting performs the best, since it improves the performance of channel estimation for the serving cell and the neighboring cells, hence the useful signal power is improved for the cell edge UEs who are far away from the cell center and the data interference is greatly reduced for the sector edge UEs within the COMP set. And there is a little difference in COMP transmissions with CRS and CSI-RS without muting, they both could not get accurate channel measurement for neighboring cells, however CRS could get more accurate channel measurement for serving cell. So COMP transmission with CRS outperforms that of CSI-RS without muting for cell edge UEs. On the other hand, for the cell center UEs, the result is reversed, it is mainly due to the available number of data RE of CRS is less than that of CSI-RS without muting.
It is also noticed that there is only a fairly small gain of COMP transmission in case of CSI-RS without muting compared to non-COMP transmission. Because the channel estimation of the neighboring cells in case of CSI-RS without muting is pretty worse, thus only a minor gain of COMP transmission can be expected.
2. Conclusion
This contribution evaluated the benefit of PDSCH muting to intra-site CoMP UEs. From the above simulation results, the conclusions are drawn.
· There is a benefit to Rel-10 UEs in terms of MSE in PDSCH muting. 
· There is a benefit to Rel-10 UEs in terms of throughput in PDSCH muting, especially for cell edge UE.
 In order to get sufficient accurate inter-cell measurement, the PDSCH muting should be considered in the Rel-10.
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Annex
Table 1 Simulation assumptions
	Transmission Bandwidth(Hz)
	5M

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	ISD
	500m

	Path loss
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	Total BS TX power (Ptotal)
	46dBm

	DL noise figure
	9dB

	Thermal noise density
	-174 dBm/Hz

	Carrier Frequency
	2GHz

	Antenna pattern (horizontal)
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 = 70 degrees,  Am = 25 dB

	Antenna pattern (vertical)
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	UE speed
	3km/h

	Number of transmitter antennas
	4 （0.5λ）

	Number of  receiver antennas
	2（0.5λ）

	Number of allocated PRBs
	4 continuous PRBs

	Precoding/feedback granularity
	4PRBs,5ms delay

	Precoding
	Rel-8 codebook

	Rank 
	1

	Channel estimation algorithm for PMI computation
	2DMMSE

	Channel estimation for Demodulation
	Ideal

	Channel model
	GSM TU

	HARQ
	Incremental Redundancy (IR)

	Modulation and coding rates
	Rel-8 MCS

	PDCCH/PDSCH configuration
	3/11 OFDM Symbols
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