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1 Introduction
In 3GPP RAN1 56bis meeting, a way forward on RS design for LTE-Advanced was discussed in [1], and an agreed baseline on downlink CSI-RS design for Rel-10 CQI measurement was presented in [2], in which it was stated that Rel-10 UE should support high-order DL transmission up to 8 ports with maximum overall overhead 0.96%. However, possibility of assuming a larger/lower overhead of CSI-RS is not precluded, if obvious performance benefit could be obtained in simulations.
In the latest 3GPP RAN1 # 59 meeting, a summary of email discussion on the CSI-RS design was presented by NTT DOCOMO [3], and Mr. Chairman asked all related companies to involve into the email discussion on CSI-RS simulation assumptions, in order to make sure the appropriate CSI-RS overhead till the next meeting. The first stage is to confirm the CSI-RS density to guarantee Rel-10 UE’s CQI measurement performance. In general, the larger the CSI-RS density is, the better the Rel-10 UE measurement accuracy is, and rather lower CSI-RS density cannot satisfy Rel-10 UE’s channel estimation requirement. On the other hand, CSI-RS is possible to be transmitted in the normal Rel-8 subframes, however, the CSI-RS puncturing with larger density might impose more serious impacts on the PDSCH demodulation of legacy UEs.
Considering above two aspects, it’s necessary to evaluate both the performance of different CSI-RS puncturing density to Rel-8 UE’s PDSCH demodulation as well as Rel-10 UE’s DL transmission, and finally find out a trade-off to decide an appropriate CSI-RS overhead. In this contribution, we mainly focus on the stage-2 performance evaluation, i.e., impacts of CSI-RS puncturing density on the Rel8-PDSCH demodulation, and the stage-1 performance evaluation results on Rel-10 DL transmission are given in another contribution [4].
2 Overhead of CSI-RS puncturing
Concerning the design of DL reference signals, it has been approved RS targeting CSI generation (for LTE-A operation) are cell specific and sparse in frequency and time domain. Since a larger/lower overhead of CSI-RS is not precluded besides 2REs per port per 10ms periodicity, making certain the appropriate overhead of CSI-RS puncturing is the first step to design CSI-RS pattern. On the other hand, CSI-RS would occupy resource elements (REs) available for PDSCH transmission, which must avoid PDCCH channel as well the cell-specific RS collision in the Rel-8. 
In this contribution, three kinds of CSI-RS overhead are assumed in the simulations according to the email discussion, i.e., 1 RE/1.5 REs/2 REs per port under different antenna configuration. Nine reference patterns with the FDM/TDM multiplexing corresponding to single-cell 8Tx/4Tx/2Tx CSI-RS are given in the appendix (Figure 3); however, other multiplexing approaches (e.g. orthogonal cover code based or cyclic-shift based CDM) and other possible CSI-RS patterns are not precluded. In the case of 1.5 REs per port, CSI-RS reference pattern is based on the RB bundling of two adjacent PRBs in the frequency domain.
3 Stage-2 Performance Evaluation Results

In order to evaluate the impacts of CSI-RS puncturing with different densities on the legacy Rel-8 PDSCH performance under different Rel-10 antenna configuration, detailed assumptions and parameters for stage-2 simulations are presented in the appendix (Table 1), which have already been approved in the email discussion.

Case 1: Throughput performance with HARQ & link adaptation enabled
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Under the simulation assumptions above, we first evaluated the link-level results on throughput performance with HARQ & link adaptation enabled. The throughput performance corresponding to single-cell 8Tx/4Tx/2Tx CSI-RS puncturing is shown in Figure 1(a), 1(b) and 1(c), respectively. For each Tx antenna configuration, the impacts on legacy UEs by three different CSI-RS densities, i.e., 1 RE/1.5 REs/2 REs per port are compared to the case of no CSI-RS puncturing. 
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Figure 1: Average throughput performance with HARQ & link adaptation enabled  
From simulation results in Figure 1, there is small throughput distinction on the Rel-8 PDSCH demodulation among the different CSI-RS densities, i.e., 1 RE/1.5 REs/2 REs per port, based on the current simulation assumptions,. Increasing CSI-RS overhead slightly weaken the average throughput performance. This is due to the very sparse CSI-RS insertion periodicity, i.e. 10ms, in the time domain. And also, the HARQ as well as the link adaptation functions enabled highly increase the correct transmission probability, which have contributed more to the throughput performance. However, if taken the smaller granularity of allocated PRB into account, the higher density of CSI-RS may introduce the more impact on the Rel-8 service, e.g., VoIP.
Case 2: BLER Performance with HARQ & link adaptation disabled (Fixed MCS)
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In order to study the impacts of CSI-RS puncturing on the Rel-8 PDSCH demodulation within CSI-RS insertion subframes (10ms periodicity), we also evaluated the link-level results on BLER performance with HARQ & link adaptation disabled, i.e., under the fixed MCS (QPSK with rate = 1/3 & 16QAM with rate = 1/2). The BLER performance within CSI-RS insertion subframes corresponding to single-cell 8Tx/4Tx/2Tx CSI-RS puncturing is shown in Figure 2(a), 2(b) and 2(c), respectively. For each Tx antenna configuration, the impacts on legacy UEs by three different CSI-RS densities, i.e., 1 RE/1.5 REs/2 REs per port are compared to the case of no CSI-RS puncturing.              
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Figure 2: BLER Performance of CSI-RS insertion subframes without HARQ & link adaptation
Based on the results in Figure 2, increasing the CSI-RS overhead from 1 RE/port to 1.5 REs/port or 2 REs/port deteriorates the BLER performance of the CSI-RS insertion subframes, especially for high-order modulation. This is due to no supporting of HARQ & link adaptation functions, and larger CSI-RS density destroys the Rel-8 demodulation accuracy. Additional, above BLER evaluation results were only statistic from those CSI-RS insertion subframes with the 10ms periodicity. It was found that, the BLER loss caused by different CSI-RS densities of single-cell 2Tx is smaller when compared to single-cell 4Tx or 8Tx, which is because the lower CSI-RS puncturing density leads to less destructive REs, and then results in better channel decoding performance.
4 Conclusions
In this contribution, the link-level simulation results on stage-2 CSI-RS performance evaluation are presented, i.e., impacts of CSI-RS puncturing on Rel-8 PDSCH demodulation. Our stage-1 performance evaluation results on Rel-10 DL transmission can be found in another contribution [4]. Based on both Rel-10 and Rel-8 performance, our views on the CSI-RS puncturing density are concluded as follows:
· For Rel-10, there is little performance gap between 2REs per port and 1.5REs per port; if quantization error is taken into account, this performance gap would be further narrowed.
· For Rel-8, there is small throughput gap on the Rel-8 PDSCH demodulation among different CSI-RS densities based on the current simulation assumptions, however, if taken the smaller granularity of allocated PRB into account, the higher density of CSI-RS may introduce the more impact on the Rel-8 service, e.g., VoIP.
· In order to achieve a trade-off between Rel-8 and Rel-10 performance, 1.5REs per port is the preferred density.
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Figure 3: Reference CSI-RS patterns for stage-2 simulations
Table 1: Stage-2 Simulation parameters for CSI-RS puncturing
	Parameter
	Value

	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; 4Tx with different density; 2Tx 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

	Number of allocated PRB
	4 PRB (contiguous allocation)

	MCS, HARQ & link adaptation
	For Throughput: Rel-8 MCS, HARQ & link adaptation enabled
For BLER: HARQ & link adaptation disabled, Fixed MCS

	Detector
	MRC

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

	Transmission rank
	Rank-1 

	Common RS 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 is the baseline.

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


	
	Alt2: 1.5 RE/PRB/port

	
	Alt3: 2 RE RE/PRB/port

	CQI 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 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; 
BLER for a given MCS.
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