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1
Introduction
LTE-A is required to support a peak spectral efficiency of 30 bits/sec/Hz [1] on the downlink with the use of 8x8 MIMO.  In this contribution we study orthogonal UE-RS patterns that can be used to achieve the peak rate requirements with 8x8 MIMO. Based on overhead arguments we show that the UE-RS density cannot be larger than 2 RE/RB/Antenna port. We then present link level simulation results that show that this UE-RS density is sufficient to achieve the peak rate for 20% of static (time-invariant) Ped-A channel realizations at 30dB SNR. 
2
UE-RS density versus peak spectral efficiency
It has been decided in previous meetings that apart from common RS two forms of RS will be supported in LTE-A namely UE-specific demodulation RS (UE-RS) for PDSCH demodulation and CSI-RS for providing CQI, RI, PMI or CDI feedback. We look at the following possible configurations of the system.

·    Common RS transmitted for either 1,2 or 4 antenna ports

·    Different configurations of MBSFN and non-MBSFN subframes: no MBSFN subframes, 6,7,8 MBSFN subframes every radio frame. Note that 8 is largest number of MBSFN subframes per radio frame since subframe 0 and 5 cannot be MBSFN. Practically, subframe 4 should be a regular subframe to ensure paging capability in the network. Although subframe 9 is also used for paging in LTE Rel 8 it could be configured as MBSFN subframe in the scenarios where paging load can be managed with one subframe only. 

·    Control overhead of 1 OFDM symbol with 2 CRS and 2 OFDM symbols with 4 CRS.
·    UE-RS density of 8, 12, 16,20,24,28 and 32 per RB. 
For these configurations we tabulate the configurations in which it is possible to achieve the peak spectral efficiency of 30 bits/sec/Hz with the MCS formats supported in LTE Rel 8. The code rate corresponding to the largest MCS is 0.9258. Note that the density of CSI-RS hasn’t been decided yet. Previous studies have shown that a density of 2 RE/RB/antenna port, and once every10 ms is sufficient for CQI/PMI/RI reporting [2]. The calculations for code rate assume this density for CSI-RS. 
From the table it is clear that UE-RS density larger than 16 RE/RB cannot be used to achieve peak rates while retaining the LTE Rel. 8 MCS table. Higher coding rates can be considered as a way of achieving the peak spectral efficiency in the event that some additional overheads are introduced as the design of LTE-A moves on. Due to the low density of UE-RS pilots it may be necessary to bundle, i.e., jointly estimate the channel across multiple RBs to get reasonable channel estimation performance. 

Table 1: Coding Rate for different number of MBSFN Subframes

	#CRS
	#UE-RS /RB
	Number of  MBSFN subframes

	
	
	0
	6
	7
	8

	1


	8
	0.8903
	0.8681
	0.8645
	0.8609

	
	12
	0.9164
	0.8929
	0.8890
	0.8853

	
	16
	------
	0.9191
	0.9151
	0.9111

	2


	8
	------
	0.8828
	0.8754
	0.8681

	
	12
	------
	0.9084
	0.9006
	0.8929

	
	16
	------
	------
	------
	0.9191


2
UE-RS patterns and peak spectral efficiency
In this preliminary study, we generate several random realizations of the channel and plot the CDF of the throughput corresponding to the different realizations. In each run of the link level simulator, a channel realization is generated at random based on Ped-A power delay profile with no spatial correlation. Once channel is generated, it is assumed to be fixed for the duration of the simulation. In Figure 1, we present certain UE-RS patterns that are similar to patterns proposed for rank 4 [2] and their extensions up to rank 6 [3] and show that these patterns can achieve peak rate at reasonable SNR (30dB) for several realizations of the channel. Details of the simulation configuration are included in Table 1. 
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Fig. 1:. UE-RS patterns. Group N contains pilots for antenna port 2N and 2N+1.
	Channel
	Ped-A

	Transmit Antenna
	8

	Receive Antenna
	8

	Receiver Type
	MMSE-SIC

	SNR
	30 dB

	Channel Estimation
	Perfect 
2D-MMSE with bundling across 6 RBs. Channel assumed to non-time varying. Channel delay spread assumed to be uniform with 1.3 us / 2 us.

	Data allocation
	12 RBs

	System BW
	5 MHz

	CSI-RS
	Frequency spacing of 6 tones in 1 OFDM symbol every 10 subframes

	RI/PMI/CQI Feedback
	Feedback for 12 RBs based on CSI-RS. 64 Precoding matrices

	Configuration
	6 MBSFN subframes/ radio frame, 1 control symbol, 1 CRS

	HARQ
	Target 1st transmission with 10% error rate



Table 1: Simulation parameters
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Fig. 2: CDF of spectral efficiency with UE-RS pattern 1 with density of 8 RE/RB
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Fig. 3: CDF of spectral efficiency with UE-RS pattern 2 with density of 16 RE/RB
3 Conclusion
In this contribution we looked at the density of UE-RS that can be supported while achieving the peak rate requirements. Due to the low density of UE-RS needed to achieve peak rate we propose to use bundling across frequency to improve channel estimation performance. We also propose to consider the patterns proposed in this contribution as possible patterns to use for higher ranks. 
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