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1 Introduction
LTE-advanced (LTE-A) will support higher order MIMO in the downlink, potentially as well as simple DL CoMP schemes, to achieve much higher peak data rate and significantly improved spectrum efficiency. Since traditional common reference signal (CRS) of LTE Rel-8 can only support up to 4 antenna ports, LTE-A needs new forms of reference signals to facilitate the introduction of the above new features. Correspondingly, the concept of CSI-RS has been proposed to enhance LTE-A, which is also one of the hottest topic in recent 3GPP RAN1 meetings. Before RAN1 59, an email discussion was launched to gather the views of each partner on the comprehensive and fundamental issues of CSI-RS design [1]. These crucial issues include:

· CSI-RS density per antenna port per PRB pair
· Number of antenna ports for CSI-design
· CSI-RS and Rel-8 CRS configuration
· Potential positions of CSI-RS
· Coordinated allocation of inter-cell CSI-RS
· …
Among of the above mentioned issues, CSI-RS density is the most fundamental one, which severely affects, or even determines many other aspects of the CSI-RS design:

· Design of CSI-RS patterns significantly depends on its density
· Lower CSI-RS density implies less impact on Rel-8 UEs. In contrast, higher CSI-RS density would introduce severer influence on Rel-8 UEs.  
· …
Therefore, offline discussion after RAN1 59 leads to a consensus on the CSI-RS simulation assumptions, based on which the simulation results of each company are comparable. As the first step, the goal of CSI-RS simulation stage-I is to investigate the CSI-RS density required to support Rel-10 downlink SU-MIMO. Meanwhile, stage-II of the simulation is to study the impact of CSI-RS on the performance of Rel-8 UEs. 
With respective to CSI-RS density, an agreed baseline was approved in RAN1 56bis as follows [2]:

· Estimates of RS overhead for evaluations (figures assume normal CP)

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

· Possibility of assuming a larger/lower overhead in simulations of CSI-RS is not precluded (e.g. a larger time density)

· Example:

· Time density: 1 symbol every 10ms per antenna port: 1/140 

· Frequency density: 1 subcarrier every 6 subcarriers per antenna port: 1/6

From the conclusion of above agreed baseline, Rel-10 downlink systems should support high order DL transmission up to 8 antenna ports with maximum overall overhead of 0.96%. However, possibility of assuming a larger/lower overhead of CSI-RS is not precluded. We may choose higher CSI-RS density if obvious performance benefit could be obtained. In contrast, lower density will be preferable if it doesn’t lead to obvious degradation. 
Obviously, we need to tradeoff the Rel-10 system performance against the overhead of CSI-RS and its negative impact on Rel-8 system.  As a consensus achieved by offline discussion between various companies, CSI-RS simulation based on common assumptions will be carried out by many partners for fair comparison and for complete evaluation. It will facilitate the decision of CSI-RS density/overhead in the following meetings. The simulation consists of two stages, which are used to study the influence of CSI-RS on Rel-10 and Rel-8 system respectively. 
The first stage of CSI-RS simulation is used to evaluate the CSI-RS density which is required by Rel-10 UE’s channel state information feedback. Generally, with more CSI-RS, better performance can be achieved for Rel-10 system. However, the gains due to increased CSI-RS will be marginal if the CSI-RS density is above some threshold. Thus, stage-I simulation wants to find a best tradeoff.  
The second stage of CSI-RS simulation is used to evaluate the impact of different CSI-RS puncture density on Rel-8 UEs. High CSI-RS density may degrade the performance of Rel-8 UEs severely in some scenarios. 
As the first step, this contribution presents link-level simulation results to show the relationship between the performance of Rel-10 systems and the CSI-RS density, thereby checking the possibility of assuming a lower overhead of CSI-RS. 
2 Alternative assumptions of CSI-RS density
With respective to the design of CSI-RS, it has been agreed that CSI-RS is cell-specific and sparse in frequency and time to ensure low overhead and slight impact on Rel-8 UEs. Meanwhile, sufficient CSI-RS are required to guarantee the channel estimation accuracy of Rel-10 UE for maintaining good performance of Rel-10 systems. From this view, higher CSI-RS density is attracting. On the other hand, higher CSI-RS density means higher overhead and severer performance degradation of R8 downlink. The assumption of 2 RE per antenna port per PRB pair has been regarded as the baseline [2]. However, some companies are striving for less CSI-RS density for a better tradeoff between overhead and performance/backward compatibility. 
According to the email discussion, the different assumptions of CSI-RS density should be evaluated in the simulation, i.e., 1RE/1.5REs/2Res per antenna port per PRB pair. The corresponding reference patterns for 8Tx CSI-RS, based on FDM/TDM multiplexing, are shown in Figure 1 of Appendix I. The following patterns are only for simulation reference, thereby not precluding any other specific patterns, e.g., orthogonal over code based or cyclic-shift based CDM. 
3 Link-Level simulation results

 In our simulation, we evaluate the impact of different CSI-RS density on R10 SU-MIMO downlink performance for 8Tx systems. Detailed simulation assumptions and parameters are presented in Appendix II, which have been approved in the email discussion.
  From the following simulation results, we can see that for 8 Tx case, the system performance of 1 RE/port/PRB is somewhat worse than that of the two assumptions, but the gap is limited. Meanwhile, 1.5 RE/port/RPB and 2 RE/port/PRB will obtain almost the same performance.  These results implies that, compared with 2 RE/port/PRB, 1.5 RE/port/PRB can achieve almost the same performance. Moreover, 1.5 RE/port/PRB is more flexible for CSI-RS pattern design.  Therefore, 1.5 RE/port/PRB seems a good choice.
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Figure 1. BLER Performance of DL with fixed MCS (QPSK-1/2, 16QAM-1/2, 64QAM-1/2) 
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Figure 2. Throughput of DL with fixed MCS (QPSK-1/2, 16QAM-1/2, 64QAM-1/2)
4 Conclusion

In this contribution, the link-level simulations of CSI-RS simulation stage-I are presented to evaluate the impact of different assumptions of CSI density on the performance of Rel-10 SU-MIMO.  According to the simulation results, we can achieve the following conclusions:
· Compared to 2 REs/port/PRB, 1RE/port suffers limited performance degradation if the transmit precoding is based on un-quantized SVD.
· Compared to 2 REs/port/PRB, 1.5REs/port/PRB will obtain almost the same performance. However, the density of 1.5REs/port/PRB is more flexible for the CSI-RS pattern design. As a result, 1.5 REs/port/PRB is preferred for Rel-10 DL.
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Appendix I: Reference CSI-RS Patterns
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Appendix II
Table 1:  Simulation parameters for link-level simulation

	Parameter
	Value

	Scope of Stage-I simulations
	Required CSI-RS density per PRB in support of Rel-10 downlink SU-MIMO

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	eNB Antenna Configuration
	8 Tx uncorrelated

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	3GPP  ETU

	UE velocity
	3km/h

	PDCCH/PDSCH
	3/11 OFDM symbols per sub-frame

	Scheduling in time
	Once per 10 sub-frames

	Channel coding
	Rel-8 Turbo coding

	MCS
	QPSK-1/2, 16QAM-1/2, 64QAM-1/2

	Number of allocated PRB
	4 PRB (contiguous allocation)

	Transmit Precoding
	Un-quantized SVD 

	Transmission rank
	Rank-1

	CSI-RS allocation
	Full bandwidth, single sub-frame

	CSI-RS density
	Alt 1: 1RE/PRB/Port

Alt 2: 1.5 RE/PRB/Port

Alt 3: 2 RE/PRB/Port

	CSI-RS duty cycle configuration
	10 ms interval

	CQI reporting delay modeling
	Minimum delay of five subframes between time of computation at UE and use for precoding at eNB

	Channel estimation for CSI feedback
	MMSE

	Channel estimation for demodulation
	Ideal


