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1. Introduction
The MUST WI was approved at RAN #71 meeting [1]. This contribution provides our views on modulation order for MUST-far user and transmission power allocation for co-scheduled MUST users, based on the system simulation results and analysis.

2. Modulation order for MUST-far user
Firstly, system-level simulations are carried out to compare the MUST performance without and with QPSK restriction for MUST-far UE. MUST scenario 1 (i.e., homogeneous network) with 2Tx/2Rx and full buffer traffic model are considered. Detailed simulation parameters are listed in the Annex.

BS scheduling and power allocation

Let 
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 be the coupling loss between UE k and its serving cell. To facilitate the MUST UE pairing, we set one coupling loss threshold  to divide all the UEs into two sets: 
· If 
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, UE k is a cell center UE; If 
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, UE k is a cell edge UE.
· Each MUST candidate UE pair is composed of one cell center UE and one cell edge UE.
For the simulation in section 2, considering the power allocation for two co-scheduled MUST UEs, there are four candidate values 
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= {0.1, 0.2, 0.3, 0.4} for each MUST UE pair, where 
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 is ratio of transmission power allocated to the cell center UE. 

Dynamic switching between MUST and non-MUST (i.e., single user transmission) is supported, based on the proportional fairness criterion. 
CSI feedback
According to the WID, CSI enhancements are not considered in our simulation. To select the MCS and estimate the instantaneous throughput for MUST UE, MUST CQI is updated from the existing non-MUST CQI assuming single user transmission.
Simulation results

Two cases are simulated: MUST without and with QPSK restriction for MUST-far UE. Simulation results are shown in Table 1.
Table 1. MUST performance without and with QPSK restriction
	
	Cell average throughput gain of MUST over baseline
	5%-tile cell edge throughput gain of MUST over baseline

	MUST without QPSK restriction
	13.4%
	18.5%

	MUST with QPSK restriction
	12.7%
	16.5%


Observation 1: Performance degradation due to QPSK restriction for MUST-far UE is very small.

Thus, to simplify the receiver implementation and reduce signaling overhead, it is proposed that:
Proposal 1: The modulation order for MUST-far UE is restricted to be QPSK.
3. Transmission power allocation for co-scheduled MUST users
According to the MUST WID, down-selection on the transmission power allocation scheme, i.e., multiple transmission power ratios or single transmission power ratio & legacy constellation for co-scheduled MUST users, should be discussed in RAN1.
In this section, system-level simulations are performed to evaluate MUST performances with the two types of power allocation schemes. Also, MUST scenario 1 (i.e., homogeneous network) with 2Tx/2Rx and full buffer traffic model are configured in the simulation, with detailed simulation parameters given in the Annex.
· Type 1: Multiple transmission power ratios, and four candidate values 
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= {0.1, 0.2, 0.3, 0.4} are assumed.
· Type 2: Single transmission power ratios & legacy constellation for co-scheduled MUST users in each constellation combination, i.e.,
· If QPSK is applied to the MUST-near UE, 
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= 1/5
· If 16QAM is applied to the MUST-near UE, 
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= 5/21
· If 64QAM is applied to the MUST-near UE, 
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= 21/85
Note 1: 
[image: image11.wmf]a

is ratio of transmission power allocated to the MUST-near UE.
Note 2: The modulation order for MUST-far UE is restricted to be QPSK in the simulation in this section.
Simulation results

Simulation results for the two types of power allocation schemes are provided in Table 2.
Table 2. MUST performance with different power allocation schemes
	
	Cell average throughput gain of MUST over baseline
	5%-tile cell edge throughput gain of MUST over baseline

	Power allocation scheme
	Type 1
	12.7%
	16.5%

	
	Type 2
	11.8%
	14.9%


Observation 2: When the modulation order for MUST-far UE is restricted to QPSK, the MUST performances with multiple transmission power ratios (type 1) and single transmission power ratio & legacy constellation for co-scheduled MUST users (type 2) is comparable.
Thus proposal 2 is given in order to reduce the system design complexity and signaling overhead:
Proposal 2: Specify single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination.
4. Conclusion
This contribution discussed the modulation order for MUST-far user and transmission power allocation for co-scheduled MUST users. 

Observation 1 and proposal 1 were given w.r.t. the modulation order for MUST-far user:
Observation 1: Performance degradation due to QPSK restriction for MUST-far UE is very small.

Proposal 1: The modulation order for MUST-far UE is restricted to be QPSK.
Observation 2 and proposal 2 were given w.r.t. the transmission power allocation for co-scheduled MUST users:
Observation 2: When the modulation order for MUST-far UE is restricted to QPSK, the MUST performances with multiple transmission power ratios (type 1) and single transmission power ratio & legacy constellation for co-scheduled MUST users (type 2) is comparable.
Proposal 2: Specify single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination.
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Annex
Table A-1. Simulation parameters
	Parameters
	MUST Scenario 1

	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

	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
	2Tx/2Rx

	Traffic model
	Full buffer

	Number of superposed signals in superposition transmission
	2

	UE noise figure
	9 dB

	UE speed
	3 km/hr

	Cell selection criteria
	RSRP for intra-frequency

	Transmission schemes 
	Single point transmission schemes, i.e. SU-MIMO and MU superposition transmission

	Feedback assumption
	Feedback periodicity: 5 ms
Feedback delay: 6 ms
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