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1 Introduction
In 3GPP RAN1 59bis meeting, a way forward on CSI-RS density was discussed in [1], and all companies came to an agreement of 1 RE/port/PRB for 2, 4, and 8 ports [2]. The next step is to design the CSI- RS patterns following this density rule. CSI-RS is used for both intra-cell measurement and inter-cell measurement. Some related aspects, e.g., data muting as well as power boosting should be taken into account in CSI-RS pattern design.
In the last meeting，a further step performance evaluation on RE muting was launched：
· Study RE muting, i.e., no collision between CSI-RS and data, for multi-cell CSI measurement

· Consider the impact of muting on UE interference measurement

· Consider the impact on Rel-8 UE

· Power reallocation of muted REs is FFS

To make sure whether data muting should be configurable for CSI-RS in order to obtain accurate inter-cell measurement, we present our evaluation results on data muting in this contribution, which are shown from two aspects based on the 1st step CSI-RS simulation assumptions agreed in [3]: 
· Muting impact on Rel-8 legacy UE
· Benefit to CSI-RS inter-cell measurement.
Based on our evaluation, some conclusions are drawn as follows:
· Data muting has few impacts on the R8 UE throughput performance compared with non-muting. 
· Data muting brings some benefits to CSI-RS inter-cell measurement.

· Data muting can be configurable to obtain accurate inter-cell measurement.
2 Muting impact on R8 UEs
The impacts of CSI-RS puncturing with different densities to R8 UEs have been discussed in 3GPP RAN1 #59bis [4]. As we can see that, single-cell CSI-RS puncturing with 8Tx/4Tx/2Tx antenna configuration will introduce a strong fake symbol for R8 UEs, and then lead to some throughput performance degradation compared to the case of no CSI-RS puncturing. By introducing muting, there is no data transmission on those REs colliding to the CSI-RS REs in the coordinated cells, which seems to result in some extra performance loss because the R8 legacy UEs are not aware of this muting. However, our simulation results demonstrate that muting does not further deteriorate the R8 legacy UE’s performance more.
In this contribution, muting impact on Rel-8 legacy UEs is evaluated under the same link-level simulation assumptions as for CSI-RS density [5], which is also given in Table 1 in the Appendix. The throughput performance with link adaptation enabled for 4Tx/2Tx CSI-RS is presented in Figure 1(a) and Figure 1(b), respectively. It was found that the performance degradation of data muting compared with non-muting is neglectable (about 1%).
Observation: 
· Data muting has few impacts on the R8 UE throughput performance compared with non-muting, e.g., for 4Tx CSI-RS, data muting only introduces extra 1% performance loss on Rel-8 legacy UEs.
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                                      (a) 4Tx CSI-RS
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                                    (b) 2Tx CSI-RS                       
Figure 1. Data muting impacts on R8 UEs

3 Benefits to the channel measurement of intra-site CoMP UEs
In order to suppress the interference in the CoMP scenarios, CoMP UEs need to measure not only the channel of the serving cell but also the channels of the other cooperative cells. From the discussion so far, data muting is proposed as a promising approach to improve the channel measurement for cooperative cells, especially for the non-serving cells. Specifically, data muting is to mute the data REs colliding with the CSI-RS REs of the other cells within the same CoMP cell cluster, so that the CSI-RS of each cell will not suffer from the strong interference due to the data from its “companionate” cooperative cells. 

Following the consensus of the offline email discussion, our system-level simulation for the intra-site CoMP scenario is to compare the mean square errors (MSE) performance of the channel estimation with and without data muting as the first step evaluation of data muting benefit. The simulation assumptions are given in the Table 2 of the appendix, and the results are illustrated in Figure 2. In the figure, “2nd cell” and “3rd cell” are referred to the channel estimation performance of the “best” and the “second best” neighboring cells in the same site.  We also assume that all the cells transmit CSI-RS at the same subframes.  That is to say, CSI-RS transmission is “synchronized” in the whole network.

The simulation results are obtained via the following steps: 

1) Obtain MSE vs. SNR performance of a single link based on CSI-RS via the link-level simulation

2) Obtain the CDF curves of geometry associated to cooperative cells within the same site via the system-level simulation

3) Obtain the CDF curves of MSE by combining the results of the above two steps.
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Figure 2: MSE performance of channel estimation base on CSI-RS with/without data muting

From the simulation results, we can see that for a specific UE, the channel estimation MSE of the two neighboring cells are larger than 0.2 with the high probability of 100%, if there are no data muting. To our knowledge, such coarse channel estimation will not be sufficient for CoMP operations since CoMP requires relatively accurate channel state information. Compared with which, data muting will improve the channel measurement significantly that the probabilities  of the channel estimation MSE larger than 0.2 in the two neighboring cells  have been reduced to 40% and 52%, respectively. Moreover, the accuracy of the channel estimation of the serving cell is also improved considerably.  Thus, data muting is an attractive mechanism for better channel measurement. 

Simulation results of channel estimation based on CRS is shown in Figure 3 for benchmark. Comparing Fig. 2 with Fig. 3, we can see that by using data muting, CSI-RS based channel estimation will outperform CRS based channel estimation.  
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Figure 3: MSE performance of channel estimation base on CRS 

Observation:

· With data muting, CSI-RS REs suffer much less interference from the neighboring cells, thereby resulting in much more reliable inter-cell channel measurement. 
4 Conclusions
In this contribution, we mainly focus on the impact of introducing data muting among inter-cell CSI-RS measurement, which is based on the density of 1 RE per port per PRB for 2 and 4 ports. The simulation results on data muting are presented from two aspects, i.e., impacts on R8 Legacy UEs and benefits to R10 CSI-RS inter-cell CSI-RS measurement. Based on the evaluations, our views on the data muting are concluded as follows:
· Data muting has few impacts on the R8 UE throughput performance compared to non-muting. 
· Data muting brings some benefits to CSI-RS inter-cell measurement.

· Data muting can be configurable to obtain accurate inter-cell measurement.
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Appendix
Table 1: Simulation assumptions for R8 UEs impacts
	Parameter
	Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	eNB antenna configuration
	Rel-8 configuration : 2 Tx (i.e. 2 CRS for legacy UEs)

	
	Rel-10 configuration: 4 Tx/2Tx

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	3GPP-TU

	UE velocity
	3 km/h

	Number of allocated PRB
	4 PRB (contiguous allocation)

	MCS, HARQ & link adaptation
	Rel-8 MCS, HARQ & link adaptation enabled

	Transmit precoding/feedback
	2-Tx Rel-8 SFBC transmit diversity 

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

	CSI-RS density
	1 RE/PRB/port

	CSI-RS reference patterns
	4TX/2TX CSI-RS patterns from R1-101676

	Channel estimation for demodulation
	Realistic channel estimation over Rel-8 CRS

	Simulation output
	Rel-8 PDSCH throughput vs. SINR


Table 2: Simulation assumptions for CSI-RS inter-cell measurement
	Parameters
	Value

	Transmission Bandwidth(Hz)
	10 M

	Channel Model
	3GPP Case1-3D

	Duty-cycle of CSI-RS
	10 ms

	CSI-RS frequency spacing
	1 RE per port per PRB

	Number of Tx antennas
	4 per cell

	Number of Rx antennas
	2

	Number of CRS antenna ports
	4

	Number of CSI-RS ports
	4 per cell

	Number of cooperative cells
	3

	Muting mode
	Intra-site muting

	Channel estimation algorithm 
	LMMSE
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Figure 4. Reference Patterns for 2Tx/4Tx CSI-RS[image: image7.png]
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