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1
Introduction

In RAN1#57, LTE Rel 8 baseline DL performance for ITU scenarios was investigated [1][2][3][7]. It was suggested that MU-MIMO and CoMP be evaluated to bridge the gap between Rel 8 performance and IMT-Advanced requirements [4]. In this contribution, we provide a lower bound to the DL performance of LTE-Advanced based on a subset of LTE-A technologies.
2
Discussion
Among the four test environments specified in M.2135, the InH and RMa performance requirements have been met with LTE Rel-8 design [1]. Some of the techniques that were evaluated for Rel 8 performance include dynamic rank selection, frequency sensitive scheduling, and closed-loop multiplexing with codebook based precoding. 

For both UMi and UMa scenarios, we observed more than 30% gap between the IMT-advanced requirements and Rel 8 baseline performance. Note that simulations were carried out with a 4 element v-pol antenna array at each cell, where the antenna spacing is 4( and 0.5( for UMi and UMa, respectively. The smaller antenna spacing were used to create long term transmit correlation that could be exploited even for fast varying channels (50 Hz in the case of UMa). Rel 8 performance under alternative antenna configurations such as x-pols with 4( is FFS.

The DL spectral efficiency of LTE-A system is summarized in Table 1.  The InH and RMa performance is based on LTE Rel-8 design, while the UMi and UMa performance is based on enhanced SU-MIMO and MU-MIMO techniques. It is shown that the IMT-Advanced requirements could already be met with single point transmission schemes. 

Table 1 LTE-A DL spectral efficiency with single cell transmission

	
	Performance
	IMT Advanced Requirements
	Gain over the Requirements

	InH
	Cell spectral efficiency (bps/Hz/cell)
	3.77
	3
	26%

	
	Cell edge user spectral efficiency (bps/hz)
	0.155
	0.1
	55%

	UMi
	Cell spectral efficiency (bps/Hz/cell)
	2.74
	2.6
	5%

	
	Cell edge user spectral efficiency (bps/hz)
	0.106
	0.075
	41%

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	2.28
	2.2
	4%

	
	Cell edge user spectral efficiency (bps/hz)
	0.074
	0.06
	23%

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	1.70
	1.1
	55%

	
	Cell edge user spectral efficiency (bps/hz)
	0.072
	0.04
	80%


The SU-MIMO enhancements include non-codebook based precoding, demod RS, additional feedback granularity, reduced feedback latency, etc.. The MU-MIMO enhancements in addition include multi-user RS, optimized user pairing, etc. Details on MU-MIMO operation in LTE-A could be found in [6]. The impact of SU-MIMO and 2-UE MU-MIMO enhancement is shown in Table 2. The SU-MIMO enhancement gain is shown to be from 17% to 34%. In addition, MU-MIMO offers 28% to 38% gain over the enhanced SU-MIMO. 
Table 2 SU-MIMO and MU-MIMO enhancement
	
	Rel 8 Performance
	Enhanced SU-MIMO  / gain wrt Rel 8
	Enhanced MU-MIMO / gain wrt SU-MIMO

	UMi
	Cell spectral efficiency (bps/Hz/cell)
	1.70
	1.98 /17%
	2.74 / 38%

	
	Cell edge user spectral efficiency (bps/Hz)
	0.064
	0.089 / 39%
	0.106 / 19%

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	1.33
	1.78 / 34%
	2.28 /28%

	
	Cell edge user spectral efficiency (bps/Hz)
	0.045
	0.069 /54%
	0.074 / 6%


The results presented above could be further refined/optimized in the following areas: asynchronous HARQ, optimized rate prediction filtering, non-Rel 8 MCS, feedback quantization, and alternative antenna configurations. 

3 
Conclusions
In this contribution, we evaluated the LTE-A DL performance for ITU-R submission. It was shown that all DL spectral efficiency requirements are met with either Rel 8 solutions or enhanced single point MIMO techniques. Additional gain from DL CoMP in ITU test environments is FFS.
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4
Appendix
4.1
Simulation assumptions

The overall performance evaluation is carried out according to the IMT-Advanced evaluation methodology [5]. Additional simulation assumptions are shown in Table 3. The throughput results presented herein take into account system overhead such RS, PBCH, PSS, and SSS, in a normalized manner. Note that the total RS overhead (CRS, CSI-RS, DRS) is assumed to be same as Rel 8 for simplicity.
Table 3: List of Assumptions for DL full buffer simulations

	Number of control symbols
	3

	Base station Tx antenna
	4

	Base station antenna configuration
	4(, v-pol for InH, UMi

0.5(, v-pol for UMa, RMa

	UE Rx antenna
	2

	UE Rx antenna configuration
	0.5 (, v-pol

	Channel estimation
	Non-ideal

	Noise estimation
	Non-ideal

	Receiver algorithm
	MMSE

	Feedback periodicity
	2 ms

	Scheduling delay
	6 ms

	Feedback error
	Not modeled

	Frequency sensitive scheduling
	Yes 

	Subband size
	6 RB

	Scheduling fairness
	Proportional fair

	Maximum number of retransmissions
	4


4.2 CDF on throughput and decoding C/I

LTE Rel-8 UE throughput and effective decoding C/I for ITU scenarios are shown in Figure 1. Note that the indoor hotspot performance is further enhanced with a doubled bandwidth.
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(b) Per-layer effective C/I

Figure 1. LTE Rel-8 UE throughput and per-layer effective C/I for InH, UMi, UMa, RMa scenarios
UE throughput and effective decoding C/I for different transmission schemes under UMi are shown in Figures 2. As shown in Figure 2(a), non-codebook based SU-MIMO provides substantial gain over Rel-8 SU-MIMO. The per-layer effective C/I for enhanced SU-MIMO is shown to be smaller than Rel-8 due to transmission rank difference. Since Rel 8 has a mean rank of 1.27 and the enhanced SU-MIMO has 1.48, the per-layer effective C/I is higher for Rel 8. Similarly, the MU-MIMO case is shown to provide substantial throughput gain over SU-MIMO, while the per-layer effective C/I is shown to be lowered due to power splitting among SDMA users. 
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Figure 2. LTE Rel-10 UE throughput and per-layer effective C/I for UMi scenario
UE throughput and per-layer effective decoding C/I for different transmission schemes under UMa are shown in Figures 2. Note that UMa is often a rank deficient channel, where SU-MIMO often degenerates to rank 1 beamforming. 
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Figure 3. LTE Rel-10 UE throughput and per-layer effective C/I for UMa scenario
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