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1 Introduction
In LTE Advanced (LTE-A) systems, CSI-RS is responsible for providing LTE-A UEs with a reliable signal for estimating channel state information which supports enhanced multi-antenna technologies such as Single-user MIMO (SU-MIMO), Multi-user MIMO (MU-MIMO), and Coordinated Multipoint (CoMP) transmission. In order to facilitate the channel measurement on CSI-RS, muting has been discussed within RAN1. During the RAN1#60 and consequent email discussions, a set of simulation setups were agreed in order to evaluate the effect of muting on LTE and LTE-A UEs.

This contribution contains simulation results on Stage 1 of the simulation setup which aims to evaluate the performance degradation on LTE UEs due to muting.
2 Simulation Setup
The simulation parameters used to generate the results in this document are summarized below in Table 1.
Table 1. Parameters for Stage 1 muting simulation.

	Simulated Parameters

	Transmission bandwidth
	5 MHz

	Antenna configuration
	2 Tx uncorrelated (eNB), 2 Rx uncorrelated (UE)

	Channel model
	3GPP-TU

	UE velocity
	3 km/h

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per subframe

	Number of allocated PRB
	4 PRB (contiguous allocation)

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

	Precoding/feedback granularity 
	4 PRB

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

	
	2-Tx Rel-8 closed-loop precoding

	Transmission rank
	Rank-1 

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

	CSI-RS duty cycle configuration
	10 ms

	CQI/PMI reporting delay modeling
	Minimum delay of five subframes 

	Channel estimation
	1D+1D MMSE estimator


Muting was performed for a density 1 CSI-RS pattern supporting 4 CSI-RS antenna ports and 8 CSI-RS antenna ports. The CSI-RS pattern for supporting 4 CSI-RS antenna ports is identical to the pattern proposed by the RAN1 moderator [1] and shown in Figure 1.
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Figure 1. Simulated CSI-RS pattern for 4 CSI-RS antenna ports.

The CSI-RS pattern for supporting 8 CSI-RS antenna ports is identical to the pattern in [2] and shown below.
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Figure 2. Simulated CSI-RS pattern for 8 CSI-RS antenna ports.

3 Simulation Results

The link throughput results were obtained for all possible MCS levels when the number of PRBs is 4. Simulation results were obtained for CSI-RS patterns of 4 CSI-RS antenna ports and 8 CSI-RS antenna ports when SFBC and rank 1 beam forming is used, respectively.
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Figure 3. Link throughput of LTE UEs with CSI-RS pattern for 4 CSI-RS antenna ports when SFBC is used
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Figure 4. Link throughput of LTE UEs with CSI-RS pattern for 4 CSI-RS antenna ports when rank 1 beamforming is used
From the link simulation results in Figure 3 and Figure 4, it can be observed that there is noticeable performance degradation from muting. Compared to the impact of CSI-RS on LTE UEs, the impact of muting is smaller but still significant.
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Figure 5. Link throughput of LTE UEs with CSI-RS pattern for 8 CSI-RS antenna ports when SFBC is used
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Figure 6. Link throughput of LTE UEs with CSI-RS pattern for 8 CSI-RS antenna ports when rank 1 beamforming is used
From the link simulation results in Figure 5 and Figure 6, it can be observed that compared to the results in Figure 3 and Figure 4, the performance degradation from CSI-RS and muting is much more significant. The obvious reason for such an outcome is the increase in the number of REs punctured per PRB pair. Figure 3 and Figure 4 was obtained assuming a 4 CSI-RS antenna port pattern in Figure 1. Compared to that the results in Figure 5 and Figure 6 were obtained assuming a 8 CSI-RS antenna port pattern in Figure 2.
In addition, from the link throughput results in Figure 3, Figure 4, Figure 5, and Figure 6, following observations can be made:

· Performance degradation on LTE UEs due to PDSCH data RE muting is not as severe as the impact of data RE replacing with CSI-RS.

· The performance degradation of LTE UEs is getting severe as Es/No increasing.

4 Conclusions
Evaluation results for Stage 1 of the muting simulation setup are presented in the document. Based on link simulation results, the performance impact of CSI-RS muting on LTE terminals was observed. Notably following observations were made:
· Although the impact of PDSCH data RE muting on the performance of LTE UEs is not much severe as the impact of data RE replacing with CSI-RS, it still degrades the performance of LTE UEs significantly. 

· The performance degradation of LTE UEs is more severe in high Es/No region, since the impact of muting and CSI-RS on performance of LTE UEs is more profound for high order MCS level.

In the evaluation results for Stage 1, the impact of muting is not negligible especially in high Es/No region. Therefore, before employing muting, evaluation results for Stage 2 must be considered to investigate the benefit of muting.
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