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1. Introduction

In RAN #71, the WID for MUST [1] has been approved with objectives shown in the followings.
	The work item is to specify necessary mechanisms to enable LTE to support downlink intra-cell multiuser superposition transmission for PDSCH with assistance information from serving eNB to a UE regarding its experienced intra-cell interference. A MUST UE receiver is assumed to be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases.
Case 1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 

Case 2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.
Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 
The detailed objectives include:

1. (RAN4) For Case 1, 2 and 3, identify and agree on the parameter combinations that could be blindly detected jointly for MUST based on TR36.859 and RAN1’s recommendation.
2. (RAN1) 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.
3. (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify necessary mechanisms to enable efficient MUST operation.
· The configuration of downlink multiuser superposition transmission.

· Starting from the candidate parameters of assistance information identified in TR 36.859 and based on the RAN4 identified parameter combinations which could be jointly blindly detected, specify the mechanism to provide MUST assistance information to a UE using R-ML receiver, which may include assistance signalling and blind detection.
4. (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, evaluate the system-level performance based on the evaluation methodology and assumptions in TR36.859.
5. (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, identify and, if needed, specify necessary enhancements for MUST operation, following the outcomes of objective 1 to 4.

6. (RAN2) Specify necessary higher-layer signalling to support the objectives listed above.


Category 2 supports flexible power allocation so that the scheduler can conduct dynamic power optimization. In addition, the scheduler has flexibility to choose the combination of modulation orders of near and far UE. As a result, power allocation and modulation order are considered potential assistance information for MUST. In this contribution, we focus on these two transmission parameters and evaluate performance impact of power optimization through system level simulation. Also, we present the statistics of modulation order from our system level simulation and evaluate MUST performance with modulation order restriction.
2. Discussion
2.1. Superposition coding scheme and Rx Type
In this contribution, we consider Category 1 or 2 MUST scheme for evaluation. In this scheme, the eNB may co-schedule two UEs with different geometry, i.e., UE1 is located near to eNB and the other UE, UE2, is located far from the eNB, and each UE pair is separated by the power allocation factor
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. For example, assuming 2 by 2 MIMO and a single layer transmission, the received signal at each user can be expressed as
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is a precoding vector for UE
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is transmit power, and
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is data symbol with a unit power. Note that we have 
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 since the same beam restriction is imposed in simulation. 
For far UE2, MMSE-IRC receiver is used to mitigate inter-cell and inter-layer interference. For near UE1, Ideal CWIC without channel estimation error is considered to cancel signal from UE2, and MMSE-IRC receiver can be used to mitigate inter-cell and inter-layer interference. 
2.2. Evaluation results

Table 1. System level evaluation results of MUST depending on power allocation flexibility
	10 UE / cell
	TPUT(kbps)
	GAIN

	
	AVG UE
	5% edge UE
	AVG UE
	5% edge UE

	Baseline
	1677
	341
	　

	MUST
	0.01~0.3 (adaptive 
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)
	1979
	385
	18.0%
	12.9%

	
	0.01 (fixed 
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)
	1659
	344
	-1.1%
	0.9%

	
	0.025
	1750
	363
	4.4%
	6.5%

	
	0.05
	1833
	383
	9.3%
	12.3%

	
	0.075
	1889
	383
	12.6%
	12.3%

	
	0.1
	1926
	377
	14.8%
	10.6%

	
	0.125
	1938
	396
	15.6%
	16.1%

	
	0.15
	1956
	388
	16.6%
	13.8%

	
	0.175
	1953
	402
	16.5%
	17.9%

	
	0.2
	1965
	382
	17.2%
	12.0%

	
	0.225
	1958
	374
	16.8%
	9.7%

	
	0.25
	1975
	371
	17.8%
	8.8%

	
	0.275
	1941
	390
	15.7%
	14.4%

	
	0.3
	1951
	385
	16.3%
	12.9%



[image: image11]
Figure 1. MUST gain vs. fixed power allocation factor
Note that exhaustive scheduling algorithm described in [2] is used and simulation assumptions are presented in Appendix of this paper.
Table 1 shows system level evaluation results of MUST depending on power allocation flexibility. Specifically, in case of adaptive power allocation, the scheduler optimizes power allocation factor
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from 0.01 to 0.3 with 0.025 granularity to maximize PF metrics. Note that we set maximum range of 
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to be 0.3 since it does not lead to performance gain to extend the range over 0.3 in our simulation. One of the reasons could be that large 
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causes performance degradation of far UE. Also, if near UE uses non-ideal IC receiver, large 
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 may lead to IC performance degradation of near UE. On the other hand, in case of fixed power allocation, the scheduler cannot optimize power allocation and uses one fixed value.
Figure 1 shows MUST gains over baseline when scheduler optimizes
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and when it uses fixed
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values, respectively. Comparing to adaptive power allocation achieving 18% average gain and 12.9% edge gain, fixed 
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from 0.125 to 0.2 achieves very similar performance; For example, 
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= 0.175 shows 16.5 % average gain and 17.9% edge gain. Note that Figure 1 does not show the gain when fixed 
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value increases larger than 0.3 but we observe MUST gain decreases in that case.
Observation 1: fixed power allocation can achieve similar MUST performance to adaptive power allocation.
Observation 2: the reasonable range of 
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is [0.125, 0.2].

Based on Observation 1 and 2, it seems that adaptive power allocation is not very critical to enhance MUST performance but the range of 
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has an impact on the performance. Therefore, it makes sense to choose
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within the range of [0.125, 0.2] and we think a small number of 
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candidates is enough.

Proposal 1: 
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should be chose within the range of [0.125, 0.2] and a small number of 
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(i.e., power allocation factor) candidates is enough.
Next, Table 2 shows the statistics of modulation order that is calculated from our system simulation with fixed 
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= 0.175.  Note that MUST transmission and SU-MIMO transmission accounts for 70% and 30% of total transmission, respectively and the probability in Table 2 is derived from MUST transmission case. According to Table 2, Far UE QPSK cases (i.e., Q+Q, 16+Q, and 64+Q) accounts for about 90 % of all combination of modulation orders in MUST.
Observation 3: far UE QPSK cases (i.e., Q+Q, 16+Q, and 64+Q) accounts for about 90% of all combination of modulation orders in MUST.

Table 2. The statistics of modulation order with fixed power allocation 
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= 0.175
	MOD order combination per MUST layer (nu+fu)
	Probability

	Q+Q
	49.32%

	Q+16
	4.35%

	Q+64
	0.49%

	16+Q
	34.09%

	16+16
	4.04%

	64+Q
	7.73%

	SUM
	100.00%


Finally, we evaluate MUST gain with restriction that only QPSK is used for far UE in case of MUST transmission. From Table 3, we observe QPSK restriction for far UE has a minor impact on MUST gain. Specifically, comparing MUST without restriction, MUST with QPSK restriction shows about -1% average loss and about 1% edge gain, and, comparing MUST with power restriction, MUST with power and QSPK restriction shows about -2% average loss and -0.29% edge loss.
Observation 4: MUST with QPSK restriction for far UE can achieve similar performance to MUST without the restriction.
Table 3. MUST gain with the restriction of modulation order and power

	　
	Avg Tput
	5% Edge UE Tput
	Avg Gain
	5% Edge UE Gain

	SU (Baseline)
	1677
	341
	　
	　

	MUST w/o restriction
	1979
	385
	18.01%
	12.90%

	MUST w/ 
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= 0.175
	1953
	402
	16.46%
	17.89%

	MUST w/ QPSK only for Far UE
	1962
	388
	16.99%
	13.78%

	MUST w/ 
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= 0.175 & 
QPSK only for Far UE
	1917
	401
	14.31%
	17.60%


From Observation 4, we see marginal performance loss due to QPSK restriction. Furthermore, we can expect several merits coming from this restriction. First of all, there is additional no BD overhead or signalling overhead for modulation order. Secondly, MUST transmission does not cause any spec impact or implementation impact on Far UE because its modulation order is always QPSK during MUST transmission and transmission power information is not needed for QPSK demodulation. Finally, because MUST is spec transparent to Far UE, it becomes fully compatible with legacy far UE.
Proposal 2: Far UE’s modulation order should be limited to QPSK.
3. Conclusion
In this contribution, we discussed performance impact of power optimization and modulation order restriction. Based on the evaluation results, we have the following observations and proposals:

Observation 1: fixed power allocation can achieve similar MUST performance to adaptive power allocation.
Observation 2: the reasonable range of 
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is [0.125, 0.2].
Observation 3: far UE QPSK cases (i.e., Q+Q, 16+Q, and 64+Q) accounts for about 90% of all combination of modulation orders in MUST.

Observation 4: MUST with QPSK restriction for far UE can achieve similar performance to MUST without the restriction.
Proposal 1: 
[image: image32.wmf]a

should be chose within the range of [0.125, 0.2] and a small number of 
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(i.e., power allocation factor) candidates is enough.
Proposal 2: Far UE’s modulation order should be limited to QPSK.
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Appendix A: Detailed evaluation assumptions

Table A-1. System-level simulation parameters
	Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Inter-macro-eNB distance 
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total eNB TX power 
	46 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

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

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna pattern
	3D 

	eNB antenna height 
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB: 2 Tx, cross-polarized 0.5-wavelength spacing between antenna
UE: 2 Rx, cross-polarized 0.5-wavelength spacing between antenna

	Traffic model
	Full buffer (10UE/Cell)

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Minimum distance (2D distance)
	Macro – UE : > 35m

	Number of superposed signals in superposition transmission
	2

	UE receiver
	Baseline : MMSE-IRC for inter-cell and inter-layer interference suppression
MUST : MMSE-IRC for inter-cell interference suppression

· For MUST near UE 
Ideal CWIC for intra-layer interference is assumed

MMSE-IRC for inter-cell and inter-layer interference is assumed

· For MUST far UE, 
MMSE-IRC is assumed

	UE noise figure
	9 dB

	UE speed
	3 km/hr

	Cell selection criteria
	RSRP

	Unified handover margin
	3 dB

	Performance metrics
	5/50/95%ile and mean user throughput

	Transmission schemes 
	SU-MIMO and MU superposition transmission based on TM4 
(Dynamic SU/MUST switching)

	Beam restriction
	Same beam for MUST paired UEs

	MUST rank
	Rank 1(near UE) + Rank 1(far UE),
Rank 2 + Rank 1,
or Rank 2 + Rank 2

	Feedback assumption
	CRS channel/interference estimation
Release 8 CSI feedback schemes

Feedback periodicity: 5 ms

Feedback delay: 5 ms
Feedback granularity: wideband 

	Receiver impairment modeling for demodulation
	Ideal CRS channel estimation

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