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1. Introduction
In the last Seoul meeting, a way forward relevant to CSI-RS and DRS was agreed [1], within which the following contents were included:

· Possible to use LTE-Advanced features without any LTE-Advanced subframes
· Cell specific CSI RS possible to transmit in normal, Rel-8, subframes.

To realize such a CSI RS design, two proposed schemes have been studied: one is to rely on puncture fashion [2]

 REF _Ref228896505 \n \h 
[3] and the other is on superposition manner [4]. To investigate the impact on LTE UE, link level performance has been investigated on AWGN channel [5], demonstrating that the latter is much better than the former.

In this contribution, we mainly focus on the performance evaluation of CSI RS in Rel-8 subframe and study the major performance impact on Rayleigh fading channel. For superposition based CSI RS, we consider type-I CSI RS which is described in [6], whereas for puncture based CSI RS, we consider a puncture type which is detailed in [2]. In the performance evaluation, for fair comparison, 2x2 antenna configuration is adopted for LTE UE and 4x4 antenna configuration is for LTE-A UE.

As a consequence, the link level performance achieved by superposition based CSI RS is much better than that by puncture based CSI RS. In maximum throughput region, the gain of superposition based CSI RS over direct puncture based CSI RS for LTE-UE is about 85%.  Furthermore, with superposition based CSI RS, the impact on LTE-A UE due to the inaccurate CSI RS estimation is marginal compared to both ideal and puncture based CSI RS cases.
2. CRS Candidates in LTE Sub-Frame
Although four and eight transmission antennas as maximum antenna configration are respectively available in eNode-B for LTE and LTE-A system, in our link level simulation, we consider the antenna configuration to be 2x2 for LTE system and 4x4 for LTE-A system. This is because the code book for 8x8 antenna procoding is not yet determined in RAN1 WG. To achieve a fair comparison, we believe that the performance evaluation should precisely rely on the existing code book, such as 2x2 and 4x4. In addition, we also believe that shrinking the system to 2x2 for LTE system and 4x4 for LTE-A system does not change performance tendency.
Figure 1 depicts the CSI RS structure (type-I) for antenna ports 0-1 and ports 4-5 based on the superposition based CSI RS design [6]. In this case, the antenna ports 0-1 belong to legacy CRS, and the antenna ports 4-5 belong to new CSI RS using superposition manner where the assigned power in each occupied sub-carrier is smaller than the power of PDSCH data.
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Figure 1: CRS and CSI RS using superposition for antenna ports 0-1 and 4-5 for LTE UE in Rel-8 subframe.
Figure 2 depicts the CSI RS structure for antenna ports 0-1 using direct puncture manner where the CRS of antenna ports 0-1 are dedicated to the legacy UE and the CSI RS of antenna port 4-5 is to LTE-A UE which is directly punctured into the PDSCH sub-carrier [2].
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Figure 2: CRS using direct puncture manner for antenna ports 0-4
We consider three power level ratios; 1, 0.5 and 0.125. The power level ratio is defined as a ratio of the total CSI RS power to the PDSCH data power for direct puncture manner. To ensure the fairness of comparison, the superposition based CSI RS also contains the same power level in total, meaning that the same power amount is distributed and overlapped on PDSCH data sub-carrier. In addition, the total power level including CSI RS, CRS, PDSCH, and PDCCH in each RB must be the same in both CSI RS scenarios.

Furthermore, the worst simulation case is taken into account, that
· For LTE UE, CSI RS interference to PDSCH data always exists which impacts the LTE data performance.
· For LTE-A UE, LTE UE data interference to CSI RS always exists which impacts the CSI channel estimation if superposition based CSI RS is involved. However, for the channel estimation scenario where the direct puncture based CSI RS is involved, such interference is not applicable.
3. Performance Evaluation
To investigate the impact on PDSCH data performance corresponding to LTE UE due to the adoption of either the superposition CSI RS or the direct puncture CSI RS, we employ the link level simulation on Rayleigh fading channel. Two types of simulations are taken into account:

· The simulation implemented for LTE UE: the purpose is to investigate that how much impact is received by LTE UE because of the interference caused by CSI RS. 
· The simulation implemented for LTE-A UE: the purpose is to investigate that how much impact is received by LTE-A UE because of the inaccuracy of CSI estimation caused by superposition based CSI RS.
The metric of the link level simulation is the throughput by given an average SNR. During the simulation time, MCS is assumed to be adapted relying on both CRS and CSI RS so as to capture up the fading channel variation.
It is worthwhile noting that for LTE UE, only CRS is utilized, whereas for LTE-A UE, both CRS and CSI RS are involved for CSI estimation.

The simulation assumptions including MCS table are described in Appendix 5.
Figure 3 shows the throughput of LTE UE as a function of average SNR for PDSCH, and Figure 4 shows the throughput of LTE-A UE as a function of average SNR for PDSCH. From the results, several observations can be made as follows.
· Impact on LTE UE
· Compared to ideal case, introducing CSI RS in Rel-8 sub-frame degrades the performance in the high SNR region.
· Impact on legacy PDSCH data due to the superposition based CSI RS compared to direct puncture based CSI RS is much smaller. Because the probability of reaching the maximum SNR such as 25dB is very low, it turns out that the degradation due to superposition based CSI RS is marginal if the power ratio is comparably small, for instance, 0.125 and 0.5.
· The throughput in the high SNR region drops down significantly. This is because the scheduler does not know the impact from CSI RS and MCS level selection only relies on CRS. Certainly, if the scheduler considers a proper compensation margin to be used for MCS selection, the throughput level becomes flat once it reaches the highest level.
· The gain of superposition based CSI RS over direct puncture based CSI RS in terms of maximum throughput level is significant. The detailed comparison is summarized in Table 1, where with the power ratio of 0.5, the gain is about 85%.
· Impact on LTE-A UE
· With superposition based CSI RS, when the power ratio is larger than 0.5, the performance degradation due to CSI estimation error can be negligible.
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Figure 3: Throughput for LTE UE vs. SNR.
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Figure 4: Throughput for LTE-A UE vs. SNR.

Table 1: Gain of superposition based CSI RS over direct puncture based CSI RS for LTE-UE.
	CSI RS schemes
	Throughput gain

	Direct puncture (power ratio = 1.0), as baseline
	1.0

	Direct puncture (power ratio = 0.125)
	1.19

	Superposition (power ratio = 1.0)
	1.50

	Superposition (power ratio = 0.5)
	1.85

	Superposition (power ratio = 0.125)
	2.69


4. Conclusions

In this contribution, we have investigated the impact on the data packet reception for legacy LTE UE and LTE-A UE when introducing a new CSI RS in legacy LTE Rel-8 sub-frame. To this end, we have made comparison between superposition CSI RS and direct puncture CSI RS. The major consequence can be summarized as follows:
· Superposition CSI RS scheme is always superior to direct puncture CSI RS scheme in overall performance.

· With superposition CSI RS, the impact to LTE-A UE due to the CSI estimation error is marginal if the power ratio is not small enough, for instance, 0.5.
· The gain of superposition based CSI RS over direct puncture based CSI RS for LTE-UE is about 85% in high SNR region.

5. Appendix
The relevant link level simulation assumptions are listed in Table 2.

Table 2: like level simulation assumptions.
	Parameter 
	Explanation/Assumption

	Bandwidth
	5 MHz

	Antennas Configurations
	2x2,4x4

	Receiver Type
	LMMSE

	Fading model
	3 Kmph ITU-VA 6 delay profile

	Spatial channel model
	Tx and Rx correlation = 0 

	MCS Set
	MCS 0-28

	Coding Scheme
	Turbo Coding

	Allocated RBs
	5

	HARQ scheme
	off

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of useful sub-carriers
	300

	Number of OFDMA symbols per TTI
	14

	Number of sub-carriers per RB
	12

	Overhead
	3 symbols

	Processing delay 
	1 subframe (1ms)

	Channel estimation for demodulation
	Ideal 

	Power ratio for superposition
	1, 0.5, 0.125

	Power ratio for puncture
	1, 0.125


MCS level in terms of MCS, TB size and modulation type is based on TS [7], listed in Table 3.
Table 3: MCS table.
	MCS Level
	TB Size
	Modulation

	MCS0
	280
	QPSK

	MCS1
	368
	QPSK

	MCS2
	448
	QPSK

	MCS3
	592
	QPSK

	MCS4
	720
	QPSK

	MCS5
	896
	QPSK

	MCS6
	1056
	QPSK

	MCS7
	1248
	QPSK

	MCS8
	1408
	QPSK

	MCS9
	1568
	QPSK

	MCS10
	1568
	16QAM

	MCS11
	1760
	16QAM

	MCS12
	2048
	16QAM

	MCS13
	2304
	16QAM

	MCS14
	2560
	16QAM

	MCS15
	2880
	16QAM

	MCS16
	3136
	16QAM

	MCS17
	3136
	64QAM

	MCS18
	3264
	64QAM

	MCS19
	3648
	64QAM

	MCS20
	4032
	64QAM

	MCS21
	4288
	64QAM

	MCS22
	4608
	64QAM

	MCS23
	4992
	64QAM

	MCS24
	5376
	64QAM

	MCS25
	5760
	64QAM

	MCS26
	6016
	64QAM

	MCS27
	6272
	64QAM
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