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1. Introduction

At the RAN#71 meeting, a new work item regarding Downlink Multiuser Superposition Transmission (MUST) for LTE was agreed [1]. One of the objectives of this WI in RAN 1 is to down-select the suitable MUST scheme for CRS-based transmissions as follows.
· For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify downlink multiuser superposition transmission scheme(s) for MUST category 2 with multiple transmission power ratios or MUST category 2 with single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination.
· Down-selection should be further discussed in RAN1.
In this contribution, we discuss and present the views on the candidate MUST schemes between MUST Category 2 with multiple transmission power ratios and MUST Category 2 with single transmission power ratio & legacy constellation in respect of system performance, signalling overhead, and standardization impact assuming R-ML receiver. The advantages and disadvantages of multiple transmission power ratios and single transmission power ratio are discussed. 
2. Discussion
2.1. Superposition schemes of MUST Category 2
2.1.1. Multiple transmission power ratios
In MUST Category 2 with multiple transmission power ratios, coded bits of two UEs are superposed with adaptive power ratios on the component constellations. The composite constellation has Gray mapping, while the Euclidian distance among different constellation points in the composite constellation are unequal.  
Figure 1 shows an example for processing of MUST Category 2 with multiple transmission power ratios, when assuming UE1 and UE2 are superposed. After channel coding, rate matching and scrambling, the coded bits for near and far UEs are jointly mapped to modulation symbols with adaptive transmission power ratio 1 and 2 respectively, where 1+2=1. Due to the joint modulation mapping for near and far UEs, Gray mapping is kept for the label bits of the composite constellation. However, because of the adaptive transmission power ratios, the Euclidian distance between different component constellations can’t be kept the same in the composite constellation. The multiple transmission power ratios are targeted to better match channel conditions of the superposed UEs so as to maximize the scheduling metric, e.g. proportional fairness metric, of the system.
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Fig. 1. Processing of MUST Category 2 with multiple transmission power ratios.
2.1.2. Single transmission power ratio & legacy constellation

In MUST Category 2 with single transmission power ratio & legacy constellation, coded bits of two UEs are superposed with label-bit assignment on Gray-mapped composite constellation, i.e. the coded bits are directly superposed onto the symbols in a composite constellation. Different from multiple transmission power ratios, the single transmission power ratio is specially selected in order that the composite constellations have constant Euclidian distances among different constellation points. In other words, the composite constellation of single transmission power ratio can reuse the legacy constellation of LTE. 
Figure 2 shows an example for processing of single transmission power ratio & legacy constellation. The composite constellation is uniform quadrature amplitude modulation (QAM) with Gray mapping, i.e. legacy constellation of LTE. In single transmission power ratio, the transmission power ratio is targeted to achieve the constant Euclidian distances of composite constellation points rather than match the channel conditions of the UEs. The values of the transmission power ratios are determined according to the composite modulation orders of the superposed UEs.
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Fig. 2. Processing of MUST Category 2 with single transmission power ratio & legacy constellation.
2.2. Comparison of multiple and single transmission power ratios

2.2.1. System performance
The system-level simulations are conducted with MUST scenario 1 and evaluation assumptions in [2]. The detailed simulation parameters are shown in Table A-I in the Annex A. We assume 2 x 2 antenna configuration with SU-MIMO of TM4. When MUST is applied, up to two superposed data layers from two co-scheduled UEs per spatial layer are supported and the maximum number of spatial layers in a cell is two. We assume 4 power sets for multiple transmission power ratios, where power ratios which are most likely to be chosen are selected, i.e., (α1, α2), where α1=0.14, 0.17, 0.23, 0.36. Transmission power alignments for different subbands and the same precoder for paired UEs are assumed. The scheduling SINRs of superposed users are approximated from LTE OFDMA implicit feedback and OLLA is further applied to compensate the CQI imperfections in the evaluations. The R-ML receiver is adopted for cell-center UE to deal with the inter-user interference. In the evaluations, FTP traffic model 1 with resource utilization (RU) of around 70% and 90% are assumed. File dropping is modeled according to [3]. For performance metrics of FTP traffic, 5/50/95%, mean user perceived throughput (UPT) and mean UPT below 5% CDF are evaluated. In addition, ratio of served cell throughput over offered cell throughput is also provided.
Table I: Performance of MUST Category 2 with multiple transmission power ratios and single transmission power ratio & legacy constellation for subband scheduling for FTP traffic (~70%, 90% RU)
	Throughput (Mbps)
	Baseline
	MUST Category 2

	
	
	4 power ratios
	Gain
	Single power ratio & legacy constellation
	Gain

	Mean UPT
	11.87
	12.30
	3.59%
	12.46
	5.00%

	5%ile UPT
	1.463
	1.560
	6.63%
	1.495
	2.24%

	Mean UPT below 5%
	1.044
	1.124
	7.67%
	1.070
	2.48%

	50%ile UPT
	7.692
	8.081
	5.05%
	8.081
	5.05%

	95%ile UPT
	38.10
	38.10
	0.00%
	38.10
	0.00%

	RU
	71.75%
	70.85%
	--
	71.49%
	--

	Served/Offered
	99.57%
	99.63%
	--
	99.59%
	--

	λ / packet size
	13.5 / 100 Kbytes

	Note
	Maximum transfer time = 1600 ms; R-ML

	Throughput (Mbps)
	Baseline
	MUST Category 2

	
	
	4 power ratios
	Gain
	Single power ratio & legacy constellation
	Gain

	Mean UPT
	7.0017
	7.7319
	10.43%
	7.7781
	11.09%

	5%ile UPT
	0.7588
	0.8621
	13.61%
	0.7874
	3.77%

	Mean UPT below 5%
	0.4214
	0.5451
	 29.35%
	0.4588
	8.88%

	50%ile UPT
	3.9802
	4.5455
	14.20%
	4.3479
	9.24%

	95%ile UPT
	24.2426
	25.8067
	6.45%
	26.6669
	10.00%

	RU
	88.23%
	86.99%
	-
	87.87%
	-

	Served/Offered
	97.97%
	98.55%
	-
	98.17%
	-

	λ / packet size
	14.5 / 100 Kbytes

	Note
	Maximum transfer time = 1600 ms; R-ML


As shown in Table I, it can be observed that: compared to MUST with single power ratio & legacy constellation, there is similar performance of mean UPT for MUST with multiple power ratios. On the other hand, performance gain of 5% UPT of multiple power ratios is higher than that of single power ratio case. In addition, MUST with multiple power ratios can achieve much larger performance gains for mean UPT below 5% compared to that for single power ratio. It indicates that multiple transmission power ratios for MUST is more beneficial in reducing the packet dropping rate.
Observation 1: For MUST Category 2, multiple power ratio provides slightly better 5%- and 50%-UPT than those for single power ratio while single and multiple power ratios exhibit similar mean UPT. 
2.2.2. Signalling and procedure
· Signalling on assistance information
In MUST schemes, assistance information would be required for UE receivers to cancel the inter-superposition-layer interference. Most of the assistance information [2] required for MUST paired users of multiple transmission power ratios and single transmission power ratio & legacy constellation is the same, such as transmission schemes, modulation order, etc. Our views on the signalling for the MUST category 2 with multiple transmission power ratios is described in [4]. The only difference regarding the signalling is whether the transmission power ratio is necessary to be signalled or blindly detected at the receiver side. For a single power ratio, dynamic signaling may not needed. Therefore, from this perspective, these two schemes may have similar signalling overhead 
Observation 2: There is a similar signalling overhead between MUST Category 2 with multiple transmission power ratios and single transmission power ratio.
· Procedure design

Because multiple transmission power ratios and single transmission power ratio are common in most of transmission and receiving aspects, same or similar design of the procedures, such as HARQ and downlink control channel procedure, can be applied for both schemes.
Observation 3: Same or similar design of procedures can be applied to single and multiple power ratios.
2.2.3. Computational complexity
· eNodeB side
The differences in computational complexity between MUST Category 2 with multiple transmission power ratios and single transmission power & legacy constellation are presented in Table II. For the transmitter design of MUST paired users, joint modulation mapping with adaptive power allocation is adopted for MUST with multiple power ratios and results in non-uniform QAM. On the other hand, the existing LTE standard modulation/demodulation can be reused for MUST paired users for MUST with single power ratio & legacy constellation. Therefore, the composite constellation of MUST with single power ratio is uniform QAM. 
Table II: Differences between MUST Category 2 with multiple transmission power ratios 
and single transmission power ratio & legacy constellation
	MUST Scheme
	Modulation
	Power allocation
	Composite constellation

	Category 2 with multiple power ratios
	Joint modulation mapping with power allocation
	Adaptive
	Non-uniform

	Category 2 with single power ratio & legacy constellation
	Reuse existing LTE modulation 
	Fixed
	Uniform

(Legacy modulation of LTE)


In scheduling, for MUST with single power ratio & legacy constellation, because the transmission power allocation for MUST paired users is determined based on the modulation order of the paired users, eNodeB needs to loop the only possible composite modulation orders to find the optimal composite modulation for a MUST user pair. For multiple transmission power ratios, on the other hand, eNodeB needs to loop not only possible modulation order but also all available power ratio set candidates to find the optimal modulation order and power allocation. Therefore, a scheduling complexity of the multiple transmission power ratios would increase compared with that of the single transmission power ratio. However, a scheduling complexity can be reduced if the number of the candidates of the transmission power ratios is restricted to a small number, e.g. 4. In our system level evaluation in Table I, the set of the transmission power ratios is restricted to {0.14, 0.17, 0.23, 0.36} as described in section 2.2.1, and we did not observe serious performance degradation due to such restriction. 
Observation 4: Scheduling complexity for multiple power ratios is increased compared to that for single power ratio. The scheduling complexity for MUST category 2 with the multiple transmission power ratios would be reduced by limiting the number of the candidates of the transmission power ratios.
· UE side
At UE side, either RML or SLIC receiver is applied for MUST near-UE and either MMSE receiver or R-ML receiver is applied for MUST far-UE in both multiple transmission power ratios and single transmission power ratio. The main difference regarding the processing at receiver side may be whether the blind detection for the transmission power ratio is needed or not, but the necessity of such processing is depending on the RAN1 decision about the signalling structure. If such processing for blind detection causes a serious receiver complexity, RAN1 could decide the explicit signalling of this information. Hence, this aspect may be marginal in this WI.

Observation 5: Receiver complexity for the blind detection for the transmission power ratio may be marginal.

According to the discussions of system performance, signalling overhead and computational complexity, we have the following proposal.
Proposal 1: In order to specify multiple power transmission ratios, the performance gains compared to single power transmission should be further justified assuming reasonable signaling overhead and scheduling complexity.
3. Conclusion
In this contribution, we discussed the down selection on superposed transmission schemes, MUST Category 2, with multiple power ratios and single power ratio & legacy constellation. We compared MUST Category 2 with multiple power ratios and single power ratio & legacy constellation in respect of system performance, signalling overhead, and computational complexity. The system level evaluation results were provided for comparison assuming non-full buffer traffic and R-ML receiver. Furthermore, the differences on standardization impact, signalling/procedure, and computation complexity were analysed and summarized. According to the discussions, we have following observations and proposal.

Observation 1: For MUST Category 2, multiple power ratio provides slightly better 5%- and 50%-UPT than those for single power ratio while single and multiple power ratios exhibit similar mean UPT. 
Observation 2: There is a similar signalling overhead between MUST Category 2 with multiple transmission power ratios and single transmission power ratio.
Observation 3: Same or similar design of procedures can be applied to single and multiple power ratios.

Observation 4: Scheduling complexity for multiple power ratios is increased compared to that for single power ratio. The scheduling complexity for MUST category 2 with the multiple transmission power ratios would be reduced by limiting the number of the candidates of the transmission power ratios.
Observation 5: Receiver complexity for the blind detection for the transmission power ratio may be marginal.

Proposal 1: In order to specify multiple power transmission ratios, the performance gains compared to single power transmission should be further justified assuming reasonable signaling overhead and scheduling complexity.
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Annex A: Simulation assumption
Table A-I: Simulation parameters

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites (ISD = 500 m)

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total BS TX power (Ptotal per carrier)
	46 dBm

	Distance-dependent path loss
	ITU UMa

	Penetration loss
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU Uma

	Antenna pattern
	3D (referring to TR36.819)

	Antenna Height: 
	25 m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna configuration
	BS: 2Tx (0.5 lambda), cross-polarized
UE: 2Rx (0.5 lambda), cross-polarized 

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	minimum distance from macro-cell to UEs
	35 m


	Traffic model
	FTP: 0.1 MByte, RU=70%, 90%

	UE receiver
	· MMSE-IRC is assumed for inter-cell interference suppression 
· R-ML for inter-spatial-layer 

· R-ML/ideal SIC for inter-user interference

	Transmission  mode 
	TM4 

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Cell selection criteria
	RSRP

	Handover margin
	3 dB

	Scheduling algorithm
	Proportional fairness maximization

	Control delay (scheduling, AMC)
	5 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	Granularity of CSI feedback 
	5 msec

	Granularity of rank adaptation
	100 msec

	CQI quantization 
	Yes

	Codebook
	LTE Rel. 8

	Power ratio sets
	Adaptive power allocation: 4 power sets, i.e. (α1, α2), where α1=0.14, 0.17, 0.23, 0.36; 

	OLLA
	Yes

	Number of superposed signals in superposition transmission
	2

	Receiver impairment modeling for demodulation

	Non-ideal CRS-based channel estimation

	EVM
	Tx EVM: 8%, UE Rx EVM: 4%

	Duration of simulation 
	50000 msec (5000 pre-run + 45000 simulation)

	Maximum transfer time (T_drop)
	1.6 sec


- 4/7 -

_1521012815.vsd

