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Introduction
As discussed in RAN1 #59bis, there are three alternatives with CSI-RS density, which are 1 RE, 1.5RE and 2RE per PRB per port, and the simulation assumptions have been agreed by email discussions.In this contribution, we evaluate the performance of different intra cell CSI RS design and also the impact of CSI-RS insertion to LTE Rel-8 PDSCH performance. 

CSI-RS density per PRB pair

In RAN1 #59 chairman note, there are three alternatives, and CSI-RS patterns shown below for simulation are agreed via email discussion.
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In the simulations performed in this contribution (figure1 and figure2), we evaluated the performance of different options with PMI estimated based on CSI RS. From the simulation results shown below, we could find link-throughput and BLER performance with 2REs (6 subcarrier spacing) is better than 1 RE (12-subcarrier spacing).Here CSI-RS is used to estimate PMI to select codebook, subcarrier spacing of option 3 with 2 RE is the lowest, so it has good benefit on codebook selection.
Accordingly, from LTE-A UEs’ performance point of view, we propose 2 REs per PRB per port.
Impact of CSI-RS insertion on LTE Rel-8 PDSCH
As discussed via email, Scope of stage 2 simulation is to evaluate the impact of CSI-RS puncturing on legacy Rel-8 PDSCH performance, CSI RS REs are punctured into the data region of normal/MBSFN subframes and the legacy UE would treat the corresponding REs as data and include them into the PDSCH channel decoding, hence the demodulation performance of LTE legacy UEs may be degraded. In this contribution, we evaluate the effect of Rel10 CSI-RS to PDSCH performance of legacy UEs for the various CSI-RS pattern configurations. 
It has shown in figure 3 that performance degradation of LTE UEs due to CSI RS puncturing is relatively small.  
From the simulation evaluation performance of LTE-A UEs and LTE UEs, we make the proposal on the maximum number of CSI RS REs per RB is 16.
Summary

In this document, we evaluate the performance of different options of CSI RS density per PRB pair and the impact of CSI-RS insertion to LTE Rel-8 PDSCH performance.
Based on the simulation results, we conclude that:
2 CSI RS REs per port per RB.

Maximum 16 CSI RS REs per RB.

Simulation Results
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Figure 1 Link Throughput performance of R10 UEs with different REs of CSI-RS
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Figure 2  BLER performance of R10 UEs with different REs of CSI-RS
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Figure3 Throughput and BLER performance of R8 UEs with CSI RS puncturing 
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ANNEX Simulation Assumptions
	Scope of Stage-1 simulations
	Required CSI-RS density per PRB in support of Rel-10 downlink SU-MIMO

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	eNB antenna configuration
	8 Tx uncorrelated 

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	3GPP-TU

	UE velocity
	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
	Separate MCS (QPSK-1/2, 16QAM-1/2, 64QAM-1/2), no HARQ, no link adaptation

	Precoding/feedback granularity 
	4 PRB 

	Transmit precoding/feedback
	8-Tx: unquantized SVD

	Transmission rank
	Rank-1

	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 

	CSI-RS density
	Alt1: 1 RE/PRB/port

	
	Alt2: 1.5 RE/PRB/port

	
	Alt3: 2 RE RE/PRB/port

	
	CSI-RS overhead included in PDSCH throughput calculation

	CQI/PMI reporting delay modeling
	5ms

	Channel estimation for CQI/PMI selection
	Ideal CSI for CQI/PMI selection (reference case)

	
	Channel estimation over CSI-RS for PMI selection

	Channel estimation for demodulation
	Ideal channel estimation over DM-RS


Table 1 Evaluation parameters of LTE performance degradation for CSI-RS insertion
	Scope of Stage-2 simulations
	Impact of CSI-RS puncturing on legacy Rel-8 PDSCH performance

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

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

	
	Rel-10 configuration: 8 Tx with different density

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	3GPP-TU

	UE velocity
	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, CBRM

	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

	Transmission rank
	Rank-1

	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 

	CSI-RS density
	Alt1: 1 RE/PRB/port

	
	Alt2: 1.5 RE/PRB/port

	
	Alt3: 2 RE RE/PRB/port

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

	CSI-RS reference patterns
	Same CSI-RS patterns used for stage-1 are used also here for stage-2.

	Channel estimation for CQI/PMI selection
	Channel estimation over Rel-8 CRS for CQI/PMI selection

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

	Simulation output
	Rel-8 PDSCH throughput vs. SNR, 10% BLER; 
or BLER for a given MCS.
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