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1. Introduction
In the last meeting, a way forward relevant to high order antenna configuration like 8x8 was agreed, that one RS targeting CSI generation belongs to cell specific and sparse in frequency and time. In addition, in consideration of backward compatibility to the existing LTE system, it is better to use LTE sub-frame to accomplish LTE-A data transmission, where LTE legacy UE and LTE-A UE co-exist.
In this contribution, we mainly focus on the performance evaluation of common reference signal (CRS) by compared between superposition CRS manner [1] and direct puncture CRS manner [2]. Our intention is to investigate how much impact occurs on the data packet reception for LTE UE. The simulation results demonstrate superposition that CRS manner as opposed to direct puncture CRS manner has much less impact on the data packet reception.
2. CRS Candidates in LTE Sub-Frame
In LTE/LTE-A multiplexed sub-frame, we have to think of how to efficiently reuse the LTE legacy CRS so as to reduce the overall CRS overhead. This requires a special CRS design in consideration of the behavior in LTE legacy CRS. Figure 1 depicts an LTE/LTE-A multiplexed sub-frame where LTE legacy UE and LTE-A UE co-exist.

[image: image1.emf] 

Frequency  

Sub - Frame  

RB  

CRS Insertion  

LTE - A UE   LTE UE  


Figure 1: LTE/LTE-A multiplexed sub-frame where LTE legacy UE and LTE-A UE co-exist.
Two CRS schemes are considered for performance comparison. One is relevant to superposition CRS [1], and the other is to direct puncture CRS [2]. In the superposition CRS scheme, CRS on the antenna ports 4-7 is simultaneously transmitted with LTE UE data signal on the same channel resource relying on superposition manner. In the direct puncture CRS scheme, in contrast, CRS on the antenna ports 4-7 is directly punctured into the LTE data sub-carrier.
In what follows, our simulation is performed with CRS transmission on 5 antenna ports in each sub-frame; four from port 0 to 3 for LTE system and one of 4 antenna ports from port 4 to 7 for LTE-A system. Without loss of generality, the antenna port 4 is denoted for LTE-A system.
Figure 2 depicts the CRS structure for antenna ports 0-4. In this case, the antenna ports 0-3 belong to legacy CRS, and the antenna port 4 belongs to new CRS using superposition manner where the assigned power in each occupied sub-carrier is much smaller than the power of PDSCH data.
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Figure 2: CRS using superposition manner for antenna ports 0-4.
Figure 3 depicts the CRS structure for antenna ports 0-4 using direct puncture manner where the CRS of antenna ports 0-3 are dedicated to the legacy UE and the CRS of antenna port 4 is to LTE-A UE which is directly punctured into the PDSCH sub-carrier.
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Figure 3: CRS using direct puncture manner for antenna ports 0-4
3. Performance Evaluation
To investigate the impact on PDSCH data due to the adoption of either the superposition CRS or the direct puncture CRS, we employ the link level simulation. The relevant simulation assumptions are listed in Table 1.
Table 1: like level simulation assumptions.
	Parameters
	Explanation

	Bandwidth
	5 MHz

	Channel Model
	AWGN

	MCS Set
	QPSK, 16QAM, 64QAM

	Code Rate
	1/2 and 3/4

	Allocated RBs
	5

	Superposition CRS
	11 REs with 2/11 Power Level

	Puncture CRS
	2 REs


Figure 4, Figure 5 and Figure 6 show the BLER as a function of SNR for PDSCH with the modulations of QPSK, 16QAM, and 64QAM, respectively. From the results, the following observations can be made.
· Superposition CRS scheme is always superior to direct puncture CRS scheme.
· When the code rate is low such as 1/2, the impact of both schemes is pretty small no matter what type of modulation is employed.
· When the code rate is high such as 3/4, the direct puncture CRS scheme does not work properly and the impact to PDSCH is significant. In contrast, the superposition CRS scheme works much better, expect for the scenario of 64QAM.
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Figure 4: BLER vs. SNR for QPSK on AWGN.
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Figure 5: BLER vs. SNR for 16QAM on AWGN.
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Figure 6: BLER vs. SNR for 64QAM on AWGN.
4. Conclusions

In this contribution, we have investigated the impact on the data packet reception for legacy LTE UE when introducing a new CRS in legacy LTE sub-frame. To this end, we have made comparison between superposition CRS and direct puncture CRS. As a consequence, we may summarize as follows:
· Superposition CRS scheme is always superior to direct puncture CRS scheme.

· For low code rate, the impact of both schemes is marginal no matter what type of modulation is employed, whereas for high code rate, superposition CRS scheme is much better than direct puncture CRS scheme, particularly in high order modulation.
· In terms of channel estimation, we believe that superposition CRS scheme perhaps suffers somewhat performance degradation for LTE-A UE such as MSE and erroneous CSI as opposed to direct puncture CRS scheme. Taking into account the available adjustment according to the erroneous feedback CSI which is generally performed in serving eNode-B, the relevant impact on the LTE-A transmission can be reasonably minimized.
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