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1 Introduction
To support CoMP and high order MIMO there are some baseline agreed about CSI-RS in LTE 56bis# meeting: 

· CSI-RS overhead of 1/840=0.12% per antenna port (8 antenna ports = 0.96%)

· Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of subframes. 

In this distribution, we evaluate the impact of CQI-RS insertion to LTE Rel-8 PDSCH performance, and show basic consideration on CSI-RS pattern design to maintain LTE and LTE-A performance. 
2. Considerations on candidate CSI-RS patterns
Some basic considerations about CSI-RS:
1. To be backward compatible with LTE R8, CSI-RS should not be transmitted over the RE’s that carry critical R8 signaling such as CRS, URS, PDCCH as well as PBCH and SCH.

2. To reduce the performance degradation of LTE R8 PDSCH due to PDSCH RE replacement by CSI-RS, CSI-RS is assigned with certain transmission duty cycle in unit of subframe, and the transmission cycle would be configurable from {2ms, 5ms, 10ms, 20ms}.  

3. To minimize the chance of collision with DMRS that maybe sent on up to eight layers/ports, CSI-RS would better be carried on one OFDM symbol of the subframe in which CSI-RS is scheduled for transmission.

3. Impact of CSI-RS insertion on LTE Rel-8 PDSCH
Replacement of R8 PDSCH RE for LTE-A CSI-RS transmission may harm the R8 PDSCH performance because the legacy UE would treat the corresponding REs as data and include them into the PDSCH channel decoding, which is generally worse than the decoding with erasure. Therefore, it should be further investigated whether CSI-RS insertion can be employed at the cost of reasonable performance loss to the legacy UE and, if such performance loss is acceptable, what the appropriate CSI-RS overhead and patterns are. In this contribution, we compare the R8 PDSCH performance for the various CSI-RS pattern configurations, including the densities and distributions in frequency dimension as well as the transmission intervals in time dimension. Table 1 shows the simulation parameters used in our evaluation.
Table 1 Evaluation parameters of LTE performance degradation for CSI-RS insertion
	Parameter
	Assumption

	Transmission bandwidth
	5 MHz (300+1 subcarriers)

	Carrier Frequency
	2.0GHz

	Subframe length
	1 ms

	PDSCH Resource block size
	12 subcarriers x14 OFDM symbols

	Channel Models
	6-ray TU 

	Number of resource block
	3

	Speed of UE
	30km/h

	Modulation schemes 
	QPSK/16QAM

	Channel Code
	1/3
	3/4

	Number of simulation subframes
	15000

	Antenna configuration
	[2Tx, 2Rx] for legacy UE

	MIMO Transmission scheme
	SFBC

	Channel Estimation
	Perfect channel estimation

	Detection algorithm
	Alamouti detection

	RB allocation
	RB-level localize mode

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

	AMC
	NO
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Figure 1: QPSK 1/3 BLER vs. SNR for 2ms/10ms CSI-RS  interval
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Figure 2: QPSK 3/4 BLER vs. SNR for 5ms/10ms CSI-RS interval
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Figure 3: 16QAM 3/4 BLER vs. SNR for 2ms/10ms CSI-RS interval

Figure 1-3 show the R8 PDSCH BLER vs. SNR for QPSK/16QAM, with CSI-RS transmission interval equal to 2ms, 5ms or 10ms. The observations on these simulation results are:
1. For QPSK and 1/3 coding rate, R8 PDSCH performance loss due to CSI-RS insertion is relatively small. The loss is below 0.5dB at 1% BLER for uniform 8 CSI-RS RE per RB and 2 ms interval. 
2. For QPSK and 3/4 coding rate, different CSI-RS frequency densities have no obvious performance impact to R8 PDSCH for longer transmission intervals (
[image: image7.wmf]³

10ms), and have moderate performance impact ranging within about 1dB at 1% BLER for short transmission interval (2ms). 
3. For high-order MCS such as 16QAM with 3/4 coding rate, R8 PDSCH degradation due to CSI-RS insertion becomes very large as frequency density increases.

4. The larger the CSI-RS transmission interval, the smaller the performance loss caused by CSI-RS insertion. 

5. In general, uniform distribution of CSI-RS causes smaller R8 PDSCH degradation than continuous distribution.
4. Summary
In this document, we evaluate the impact of CQI-RS insertion to LTE Rel-8 PDSCH performance. Based on the simulation results, we conclude that:
1. When CSI-RS transmission interval is shorter than 5ms, performance impact to R8 PDSCH is obvious in case of high modulation order or coding rate. To keep good performance for 2ms or 5ms interval, CSI-RS should have low frequency density, e.g. less than 6RE. Other remedies include the MCS adjustment for R8 PDSCH packet whose RB has CSI-RS inserted. 
2. Uniform distribution of CSI-RS causes smaller R8 PDSCH performance loss than continuous distribution.
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Summary: In a multiple-antenna system with two transmitters and two receivers, a scenario of data communication, known as the X channel, is studied in which each receiver receives data from both transmitters. In this scenario, it is assumed that each transmit.....
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