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1 Introduction

In RAN67 meeting a revisited study item on Downlink Multiuser Superposition Transmission for LTE has been approved [1]. The main objective of the study item is to identify and study possible enhancements of downlink multiuser transmission schemes within one cell by increasing multiplexing gains. More specifically, the potential gain of the transmission schemes enabling the simultaneous transmission of more than one layer of data for more than one UE using the same spatial precoding vector or transmit diversity scheme over the same REs should be investigated. In RAN1#80b the deployment scenario and some of the evaluation assumptions for corresponding scenarios were agreed. However some of the details are still missing. In this contribution, we provide our views on the remaining details that are required to be addressed before the upcoming system-level analysis of multiuser transmission schemes.
2 Discussion
Traffic models:

The traffic model for evaluation of the multi-user superposition schemes has been extensively discussed in RAN1#80bis meeting [2]. Based on the discussion it has been agreed as working assumption to use non-full buffer FTP traffic model 1 with packet sizes of S=0.5Mbytes and S=0.1 Mbytes.
	Working assumption:
· FTP model 1 with high traffic load cases should be used

· Resource utilizations of 60 and 80% should be assumed for the packet sizes of 0.1 Mbyte and 0.5 Mbyte
· Companies should provide detailed results such as a ratio of offered load v.s. served traffic load (ref. LAA TR)

· Companies are also free to submit full buffer traffic model results

· RAN1 will not draw conclusions of performance gains from full buffer traffic model results


Additionally RAN1 has been concluded to study other possible traffic models based on the fixed packet size considering the number of UEs.

	Conclusion:

· Study to introduce new traffic model(s) based on existing packet-based traffic model(s) based on real deployment(s) considering the number of UEs and packet sizes


One of the main motivation of such study was a concern from some companies that for FTP traffic model 1 the number of active UEs (UEs that may be scheduled for PDSCH in given subframe) per macro cell is relatively small comparing to the number of UEs in the practical LTE deployments. For example, the reference [2] indicates that the average number of active UEs for FTP traffic model 1 is in the range of 1-3 even at high RUs of 80%. We have carried out a similar analysis for MUST scenario 1 with R-ML receiver and obtained distribution of the active UEs per PRB pair. The results are presented in Figure 1. 
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Figure 1: Distribution of the number of active UEs in the eNB queue
It can be seen that for the considered RU of 60% the number of active UEs that may be scheduled with PDSCH is limited to 1-4 which is similar to the observation made in [3]. However for the smaller packet size of 0.1Mbyte and the high RU of 80% a substantially larger fraction of the active UEs has been observed. We have also observed that LTE system with the packet size of 0.1Mbytes becomes more stable and robust to the high traffic loads. More specifically, when packet dropping is not considered, infinite growing of the packet queue has not been observed even at 90% RUs, while for the packet size of 0.5Mbyte the system has showed less stable behaviour and infinite growing of the packet queue has been observed in some cases even at 70% of RUs. 
Summarizing discussion above it seems that the existing FTP traffic model 1 with packet size of 0.1Mbytes and RU of 80% is sufficient to address the issue raised in [3]. If there still the concern on the number of active UEs in the eNB queue, the system bandwidth in evaluations can be further increased from currently used 10MHz to 20MHz.
Proposal:

· Confirm the working assumption on traffic models and adopt FTP traffic model 1 with packet sizes of 0.5Mbyte and 0.1Mbyte as the main traffic model for multi-user superposition transmission  evaluations
· Consider evaluation of 20MHz system bandwidth to further increase the number of active UEs

SU-MIMO receivers for the baseline system:
The receiver structure for evaluation of the baseline system with orthogonal access was also discussed in RAN1#80bis meeting. Two candidate receivers for inter-layer separation were proposed:

· Linear MMSE receiver

· Maximum likelihood (ML) receiver

The first receiver structure relies on the linear processing for inter-layer interference cancellation and, therefore, can be easily modelled on the system-level by calculating the post-processing SINR, which is used as to determine average BLER in the mapping curves. The main drawback, however, is underestimation of downlink baseline system performance, which in the most of the practical UE implementation assumes more advanced non-linear ML receivers that was specified by RAN4 in Rel-12 [4]. In order to understand the performance difference between two receiver options, a system-level simulations were was carried out for 2x2 SU-MIMO system at high traffic loads. The results are presented in Table 1.
It can be seen that for the mean, 50% and 95% UE throughput MMSE performance shows noticeable but not significant performance loss compared to ML receiver. Although the performance difference is not substantial and typically within the range of 3-8%, we prefer to consider Rel-12 SU-MIMO ML receiver to avoid underestimation of the baseline system performance. 
Table 1: System level comparison of ML and MMSE receivers for SU-MIMO at high traffic loads

	λ, s-1
	50% Thr., Mbps
	95% Thr., Mbps
	Mean Thr., Mbps
	RU,%

	
	MMSE
	ML
	MMSE
	ML
	MMSE
	ML
	MMSE
	ML

	12
	4.43
	4.59 (3.6%)
	23.84
	25.06 (5.1%)
	7.43
	7.76 (4.4%)
	84.2
	83.7

	11
	6.04
	6.27 (3.8%)
	26.43
	28.51 (7.9%)
	8.96
	9.45 (5.5%)
	76.6
	74.6

	10
	7.96
	8.21 (3.1%)
	30.07
	32.27 (7.3%)
	10.98
	11.38 (3.6%)
	67.6
	66.6


Proposal:

· Adopt Rel-12 SU-MIMO ML receiver with whitening for the performance evaluation of the baseline system
Transmission modes:
In principle, for evaluation of multi-user superposition schemes, transmission modes based on both DM-RS and CRS may be considered. Depending on the considered scenario CRS or DM-RS may have different advantages for multi-user superposition schemes. For example, as mentioned in [5] the DM-RS based transmission modes offer more flexibility in the assignment of the power offset and could also simplify UE implementation by avoiding blind detection of the power offset parameter. However, the channel estimation performance in this case may be reduced due to power split between the multiplexed DM-RS antenna ports. In contrast, the multiplexed PDSCH for CRS-based transmission modes would use CRS and, therefore, would be more robust to the channel estimation errors. The drawback, however, is a possible loss of the flexibility in the power offset assignment, which in the case of CRS-based transmission modes would be limited to a predefined quantized set.  Since multi-user superposition efficiency for different TMs is unknown, the actual choice of the TMs for evaluation should be described in the contribution and not limited to the specific antenna configuration. As for the baseline system, the selection of the TM for a given antenna configuration should be based on the best possible performance. 
Proposal:

· For all antenna configuration consider CRS and DM-RS based transmission modes for evaluation of multi-user superposition schemes.
· The baseline system performance should assume the best possible TM for a given antenna configuration.

3 Conclusions
In this contribution, we have provided our views on the remaining detail of the evaluation methodology for multiuser superposition transmission schemes. Based on the discussion the following proposals were made:
· Confirm the working assumption on traffic models and adopt FTP traffic model 1 with packet sizes of 0.5Mbyte and 0.1Mbyte as the main traffic model for multi-user superposition transmission  evaluations

· Consider evaluation of 20MHz system bandwidth to further increase the number of active UEs
· Adopt Rel-12 SU-MIMO ML receiver with whitening for the performance evaluation of the baseline system
· For all antenna configuration consider CRS and DM-RS based transmission modes for evaluation of multi-user superposition schemes
· The baseline system performance should assume the best possible TM for a given antenna configuration.
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Appendix
	Parameter
	Value

	Scenario
	NAICS-1, 2GHz, ISD = 500 m (homogeneous)

Geographical distance based wrapping

	eNB antenna configuration
	2 Tx X-pol, slants -45/+45 degree

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP model 1, S=0.1Mbyte packet size

Traffic loads: {10, 11, 12} packets per second in macro cell

	Cell association
	CRS antenna port 0

Handover margin =3dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel estimation 
	Ideal

	Interference covariance estimation
	Ideal

	CSI feedback
	Mode 3-2 with 5 ms periodicity

	CRS configuration
	Colliding across all modelled cells

	Transmission mode
	TM10

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Azimuth precoding
	Rel-8 2TX codebook

	UE receiver
	MMSE-IRC, R-ML with whitening

	Max HARQ transmissions
	4
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