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1. Introduction

Two types of RS such as CSI-RS and DM-RS are agreed to be used for the measurement and demodulation purposes, respectively. CSI-RS in LTE-A has been widely discussed in the previous meetings. The following conclusion was made in RAN1#57bis:
· CSI RS are punctured into the data region of normal/MBSFN subframes.

In this contribution, we first summarize the impact analysis of CSI-RS puncturing on Rel-8 PDSCH SFBC transmission. For the purpose of the full evaluation of CSI-RS puncturing impact on Rel-8 PDSCH, we further present some new results showing the impact of CSI-RS puncturing on Rel8 PDSCH in SDM and small PRBs. Then, we evaluate the channel measurement error with CSI-RS configured by different periodicities. Finally, some proposals on the CSI-RS design are given.

2. Impact of CSI-RS puncturing on Rel-8 PDSCH
Puncturing of REs in Rel-8 PDSCH for CSI-RS transmission has negative impact on the legacy UEs. Therefore, it should be further investigated whether CSI-RS puncturing can be employed with reasonable performance loss to the legacy UE. According to the previous meetings, the following issues relevant to the performance loss of legacy UE need to be optimized and specified for LTE-A cells:

(1). Periodicity. The periodicity of CSI RS transmissions may be configured in terms of an integer number of subframes, such as 2ms, 5ms, and 10ms.
(2). Overhead. CSI-RS overhead of 1/840=0.12% per antenna port is the baseline. That is, an overhead of 2REs/PRB/10ms/Port, which still requires further investigations. 
(3). Position. CSI-RS for different antenna ports can be arranged in one subframe or multiple subframes.
2.1. Impact of CSI-RS puncturing on Rel-8 PDSCH SFBC Transmission
A wide investigation of the impact of CSI-RS puncturing on Rel-8 PDSCH SFBC transmission was carried out in [1-4].We also provide the simulation results about Rel-8 PDSCH SFBC transmission with different CSI-RS configurations, and the evaluation parameters are shown in table 1. Following observations are made:
· To keep the performance degradation acceptable, the CSI-RS periodicity should be no shorter than 5ms.
· The performance deteriorates more significantly as the CSI-RS transmission periodicity becomes shorter and the CSI-RS density gets denser. In addition, simulation results show that the impact is more significant when the transmission periodicity becomes shorter rather than the CSI-RS density gets denser, such as performance comparison between 8RE/5ms and 16RE/10ms. 
Table 1 Evaluation parameters for Rel-8 SFBC transmission with CSI-RS puncturing
	Transmission bandwidth
	5 MHz

	Carrier Frequency
	2.0GHz

	PDCCH configuration
	2 OFDM symbols

	Channel Models
	GSM-TU

	Number of resource block
	4

	Speed of UE
	3km/h

	Antenna configuration
	2Tx, 2Rx

	CRS Ports
	2

	MIMO Transmission scheme
	SFBC

	Channel Estimation
	Perfect

	AMC
	YES

	HARQ
	YES

	CSI-RS Periodicity
	2ms/5ms/10ms

	CSI-RS Overhead
	0 RE,6 REs,8 REs,16 REs


[image: image1.emf]-2 0 2 4 6 8 10 12

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

GSM-TU 3km/h

SNR(db)

Throughput

0 CSI-RS

6 CSI-RS

8 CSI-RS

16 CSI-RS


Figure 1 Throughput performance of SFBC with 2ms CSI-RS periodicity
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Figure 2 Throughput performance of SFBC with 5ms CSI-RS periodicity
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Figure 3 Throughput performance of SFBC with 10ms CSI-RS periodicity
2.2. Impact of CSI-RS puncturing on Rel-8 PDSCH SDM Transmission
In fact, the SDM transmission of Rel-8 PDSCH is less robust than SFBC transmission. In order to fully evaluate the impact of CSI-RS puncturing on legacy UEs, the performance of the SDM transmission of Rel-8 PDSCH with CSI-RS puncturing is studied below. Table 2 shows the simulation parameters used in the evaluation. 
Table 2 Evaluation parameters for Rel-8 SDM transmission with CSI-RS puncturing
	Transmission bandwidth
	5 MHz

	Carrier Frequency
	2.0GHz

	PDCCH configuration
	2 OFDM symbols

	Channel Models
	GSM-TU

	Number of resource block
	4

	Speed of UE
	3km/h

	Codewords Number
	2

	Layer Numbers
	Rank adaptation

	Antenna configuration
	2Tx, 2Rx

	MIMO Transmission scheme
	zero delay CDD+codebook based precoding

	Channel Estimation
	Perfect

	CRS ports
	2

	AMC
	YES

	HARQ
	YES

	CSI-RS Periodicity
	2ms/5ms/10ms

	CSI-RS Overhead
	0 RE,6 REs,8 REs,16 REs
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Figure 4 Throughput performance of SDM with 2ms CSI-RS periodicity
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Figure 5 Throughput performance of SDM with 5ms CSI-RS periodicity
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Figure 6 Throughput performance of SDM with 10ms CSI-RS periodicity
The same observations as the SFBC evaluation in section 2.1 can be made and the impact of CSI.RS puncturing on Rel-8 PDSCH is more serious in SDM transmission.
For the sake of the acceptable performance degradation of Legacy UEs, we propose following two points as baseline for the further progress of CSI-RS design.

(1). The CSI-RS transmission periodicity is no shorter than 5ms.
(2). The CSI-RS for all antenna ports may be arranged in single subframe or multiple subframes. However, the CSI-RS arranged in single subframe is preferable.
3. Evaluation of Channel Measurement Error
The CSI-RS solely serves the purpose of the channel measurement for Rel-10, the accuracy of the channel measurement is very important for Rel-10. It is well known that the accuracy of the channel measurement is highly dependent on CSI-RS density in both frequency and time domain. In this section, CSI-RS density in time domain is our attention and the channel measurement error with different CSI-RS periodicity and UE speed are evaluated. Table 3 shows the simulation parameters used in our evaluation.
It is obvious from the simulation results above that the channel measurement error is highly dependent on the UE speed and CSI-RS periodicity. In low mobility environment, the periodicity of CSI-RS may be 10ms or even larger, however, in moderate to high mobility environments, the periodicity of CSI-RS should be shorter than 10ms.
Table 3 Parameters of channel measurement error evaluation
	Transmission bandwidth
	5 MHz

	Carrier Frequency
	2.0GHz

	Channel Models
	GSM-TU

	CSI-RS Periodicity
	2/5/10/15/20/25/30ms

	Speed of UE
	3/30/120km/h

	Algorithm
	Hold Sample
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Figure 7 Channel measurement errors with different CSI-RS periodicity and UE speed.
4. Multiplexing of CSI-RS

So far, two main multiplexing schemes of CSI-RS (i.e. FDM and CDM) are widely discussed [5-8]. The detailed performance comparison between CDM-based CSI-RS and FDM-based CSI-RS had been presented in [7-8], and the CDM-based CSI-RS shows the following advantages:
(1). Since much denser CSI-RS can be placed in frequency domain, fine frequency selectivity can be captured for every port.

(2). Since multiple antenna ports can be distinguished through phase shifts of the orthogonal sequence (e.g. ZC sequence), the RS overhead can be limited.

(3). Due to the lower overhead and more precise channel measurement, the performance degradation of Rel-8 PDSCH will be limited and at the same time the quality of channel measurement for Rel-10 UE is still guaranteed.
5. Conclusions

Given the analysis and results in this document, our current suggestions on CSI-RS are as following: 
1. The CSI-RS transmission periodicity is no shorter than 5ms.
2. The CSI-RS for all antenna ports may be arranged in single subframe or multiple subframes. However, the CSI-RS arranged in single subframe is preferable.

3. Both CDM-based and FDM-based CSI-RS multiplexing schemes shall be investigated further. Considering the less impact on performance of Rel-8 PDSCH, and lower overhead with CDM-based CSI-RS, we suggest the CDM-based CSI-RS for LTE-A.
6. References

[1]. R1-092840, “Performance Evaluation for the Impact of CSI RS on Rel8 PDSCH,” ZTE 

[2]. R1-092557, “On the impact of CSI-RS puncturing to Rel’8 PDSCH performance,” Nokia, Nokia Siemens Networks
[3]. R1-092485, “CSI-RS Design for LTE-Advanced,” LG Electronics
[4]. R1-092651, “Discussion on CSI-RS for LTE-Advanced,” Samsung
[5]. R1-090875, “Further considerations and link simulations on reference signals in LTE-A,” Qualcomm 
[6]. R1-090916, “Considerations on RS design for LTE-Advanced,” Ericsson
[7]. R1-091985, “Considerations on CSI-RS design for LTE-Advanced,” CATT
[8]. R1-092774, “Further investigation on the multiplexing of CSI-RS for LTE-A,” CATT
