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Introduction
In RAN1# 84bis, the following items were agreed [1].
· For Case 1 & 2, up to two co-scheduled UEs per spatial layer are supported
· For Case 1 & 2, MUST category 2 with one or more transmission power ratios for co-scheduled MUST UEs in each constellation combination is supported
· One or more transmission power ratios for each constellation combination are supported
· FFS: The number of multiple power ratios is down-selected from 1 to 8
· The superposed constellation corresponding to one of transmission power ratios in each constellation combination is a legacy constellation
· For (MOD_N, MOD_F) = (QPSK, QPSK), 16QAM legacy constellation
· For (MOD_N, MOD_F) = (16QAM, QPSK), 64QAM legacy constellation
· For (MOD_N, MOD_F) = (64QAM, QPSK), 256QAM legacy constellation
· If 2 or more power ratios are supported, the other multiple transmission power ratios for a MUST-far UE in each constellation combination can be selected from the following value ranges:
· For (MOD_N, MOD_F) = (QPSK, QPSK), the power ratio range as a starting point is [0.6, 0.95]
· For (MOD_N, MOD_F) = (16QAM, QPSK), the power ratio range as a starting point is [0.6, 0.95]
· For (MOD_N, MOD_F) = (64QAM, QPSK), the power ratio range as a starting point is [0.6, 0.95]

In this contribution, we present system simulation results of multiple transmission power ratios and single transmission power ratio. We also evaluate the system performance of different power ratio ranges.
Simulation Results of multiple vs. single transmission power ratios 
In this section, system level simulations of MUST category 2 with multiple transmission power ratios and MUST category 2 with single transmission power ratio on full buffer model are carried out. Detailed simulation assumptions are described in Table A1. Near UEs use SIC receiver to remove the interference from edge UEs. Interference to edge UEs can hardly be eliminated [2]. 
Alt 1: single transmission power ratio. Value for each modulation pairing is listed in Table 1
Alt 2: multiple transmission power ratios for each modulation paring, power set of far UE: [0.8: 0.05: 0.95].
Table 1 Transmission power ratio for each modulation pairing to achieve legacy QAM in the composite symbol
	Composite
	Far UE
	Near UE
	Power ratio of Far UE

	16QAM
	QPSK
	QPSK
	0.8

	64QAM
	QPSK
	16QAM
	0.762

	256QAM
	QPSK
	64QAM
	0.753





Table 2 Performance of MUST category 2 with multiple transmission power ratios vs. single transmission power ratio for full buffer traffic
	Wideband  schdulling
	Cell spectral efficiency (bps/Hz/cell)
	Cell edge user spectral efficiency(bps/Hz/cell/user)

	Baseline(SU-MIMO)
	1.3548 
	0.0215 

	MUST (Alt 1)
	1.4443 
	0.0233 

	Gain (single Pwr ratio)
	6.61%
	8.14%

	MUST (Alt 2) 
	1.4275 
	0.0250 

	Gain (multi Pwr ratio)
	5.37%
	16.28%




Fig.1 Cell throughput gains of Alt 1 and Alt 2, compared to SU-MIMO.

Observations: 
· Compared with MUST category 2 with single transmission power ratio, MUST category 2 with multiple transmission power ratios has a litter lower performance of cell spectral performance.
· Compared with MUST category 2 with single transmission power ratio, MUST category 2 with multiple transmission power ratios has significantly higher cell edge performance.

Proposal:
· MUST category 2 with multiple transmission power ratios should be supported.
Selection of Power ratio
In this section, the system performance of four power ratio ranges is evaluated. Four power ratio ranges are presented as follows
 Alt 1: [0.6: 0.01: 0.95].
Alt 2: [0.7: 0.01: 0.95].
Alt 3: [0.75: 0.01: 0.95].
Alt 4: [0.8: 0.01: 0.95].
Performance of Alt 1, Alt 2, Alt 3 and Alt 4 are shown in Table 3 and Table 4.  One layer of each pairing UE is considered in Table 3. Up to two layers of each pairing UE is considered in Table 4. 

Table 3 Performance of different power ratio range
	Wideband  schdulling
	Cell spectral efficiency (bps/Hz/cell)
	Cell edge user spectral efficiency(bps/Hz/cell/user)

	Baseline(SU-MIMO)
	1.3548 
	0.0215 

	Alt 1
	1.3968 
	0.0238 

	Gain
	3.10%
	10.47%

	Alt 2
	1.3955 
	0.0245 

	Gain
	3.00%
	13.72%

	Alt 3
	1.3912 
	0.0245 

	Gain
	2.69%
	13.72%

	Alt 4
	1.3916 
	0.0252 

	Gain
	2.72%
	17.21%




Fig.2 Gain of different power ratio ranges


Fig.3 Pairing ratio of different power ratio sets of Alt 1


Fig.4 Pairing ratio of different power ratio sets of Alt 4

When only consider one layer of each pairing UE, the performance gains of different power ratio ranges compared with SU-MIMO are visually displayed in Fig.2. The pairing ratio statistics of Alt 1 and Alt 4 are showed in Fig. 3 and Fig .4 respectively.

Table 4 Performance of different power ratio ranges
	Wideband  schdulling
	Cell spectral efficiency (bps/Hz/cell)
	Cell edge user spectral efficiency(bps/Hz/cell/user)

	Baseline(SU-MIMO)
	1.3548 
	0.0215 

	Alt 1
	1.4351 
	0.0244 

	Gain
	5.93%
	13.49%

	Alt 2
	1.4335 
	0.0249 

	Gain
	5.81%
	15.58%

	Alt 3
	1.4293 
	0.0252 

	Gain
	5.50%
	17.21%

	Alt 4
	1.4270 
	0.0257 

	Gain
	5.33%
	19.30%




Fig.5 Gain of different power ratio ranges



Fig.6 Pairing ratio of different power sets of Alt 1


Fig.7 Pairing ratio of different power sets of Alt 4

When consider up to two layers of each pairing UE, the performance gains of different power ratio ranges compared with SU-MIMO are visually displayed in Fig. 5. The pairing ratio statistics of Alt 1 and Alt 4 are showed in Fig. 6 and Fig. 7 respectively.
Observations: 
· As the lower bound of the power ratio increases from 0.6 to 0.8, the cell average throughput decreases slightly and cell edge throughput improves significantly.
· Taking the factor of cell edge performance into account based on the first observation above,  more paired UEs are co-scheduled when power ratio range is [0.75 0.95].
· For Alt 4, more than 40% paired UEs are scheduled in the power set of (0.8 0.2).

Proposal:
· Suitable range of power ratios should be studied.
· Power ratio range of [0.8 0.95] should be given priority to be considered in R14.

Conclusions  
[bookmark: OLE_LINK17]In this contribution, we provide simulation results of multiple transmission power ratios and single transmission power ratio. We also provide the simulation results of different power ratio ranges. From the simulation results, we have the following proposal.

Proposal:
· MUST category 2 with multiple transmission power ratios should be supported.
· Suitable range of power ratios should be studied.
· Power ratio range of [0.8, 0.95] should be given priority to be considered in R14.
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Table A1:  System-level simulation assumptions of MUST 
	Cellular Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Inter-site distance
	500 m

	Minimum distance between BS and UE
	25m

	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 gain + connector loss
	17 dBi

	UE antenna gain
	0 dBi

	Channel Estimation
	realistic

	Channel Measurement
	realistic

	UE speed
	3 km/h

	Carrier Frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Antenna configuration
	eNB: 2Tx, 0.5 lambda, cross-polarized
UE: 2Rx, 0.5 lambda, cross-polarized

	Number of UEs per cell
	10

	Maximum number of multiplexed UE
	2 , up to2layer /per UE

	Delay time of scheduling
	6 ms

	Traffic model
	Full buffer, Wideband scheduling

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

	Total BS TX power (total per carrier)
	46 dBm

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Antenna Height
	25 m

	UE antenna Height
	1.5 m

	Codebook
	LTE Rel. 8

	OLLA
	Yes

	Receiver
	MMSE with IRC and SIC

	EVM
	EVM is modeled, 8% TX, 4% RX

	Duration of the simulation 
	5s for full buffer 




Pairing ratio	(0.4，0.6)	(0.39，0.61)	(0.38，0.62)	(0.37，0.63)	(0.36，0.64)	(0.35，0.65)	(0.34，0.66)	(0.33，0.67)	(0.32，0.68)	(0.31，0.69)	(0.3，0.7)	(0.29，0.71)	(0.28，0.72)	(0.27，0.73)	(0.26，0.74)	(0.25，0.75)	(0.24，0.76)	(0.23，0.77)	(0.22，0.78)	(0.21，0.79)	(0.2，0.8)	(0.19，0.81)	(0.18，0.82)	(0.17，0.83)	(0.16，0.84)	(0.15，0.85)	(0.14，0.86)	(0.13，0.87)	(0.12，0.88)	(0.11，0.89)	(0.10，0.90)	(0.09，0.91)	(0.08，0.92)	(0.07，0.93)	(0.06，0.94)	(0.05，0.95)	3.6987676543893656E-2	6.5425090002769314E-3	7.6675436167266704E-3	8.5329548601495546E-3	8.7925782331764058E-3	1.0298393796732207E-2	1.1527277762392703E-2	1.1077263915812799E-2	1.1804209360288098E-2	1.5023539185821107E-2	1.7810163389642759E-2	1.9298670728330101E-2	1.9696759900304627E-2	1.9489061201883231E-2	1.91255884796456E-2	2.2483384104126418E-2	2.8800886181113292E-2	3.1864441982830241E-2	3.127596233730269E-2	3.3508723345333703E-2	3.9826225422320845E-2	4.8099556909443522E-2	5.0245776793132045E-2	5.4503600110772869E-2	6.0128773193021332E-2	6.4732761008031575E-2	6.2482691775132021E-2	6.3261561894212129E-2	6.0163389642758323E-2	4.4551370811409578E-2	3.4304901689282755E-2	2.2119911381888676E-2	1.301578510108004E-2	6.4905843256715806E-3	3.3924120742176685E-3	1.0731099418443645E-3	Pairing ratio	(0.2，0.8)	(0.19，0.81)	(0.18，0.82)	(0.17，0.83)	(0.16，0.84)	(0.15，0.85)	(0.14，0.86)	(0.13，0.87)	(0.12，0.88)	(0.11，0.89)	(0.10，0.90)	(0.09，0.91)	(0.08，0.92)	(0.07，0.93)	(0.06，0.94)	(0.05，0.95)	0.40008142890017884	4.4484962206369147E-2	4.9335292347453846E-2	5.4982209555504605E-2	6.0947761590341834E-2	6.5178524012674585E-2	6.5674178187675847E-2	6.6453063319820871E-2	6.0912357720698904E-2	4.6520684710838894E-2	3.4465667097413812E-2	2.3844506204528153E-2	1.412614398753784E-2	7.7003416473420865E-3	4.1422527482253817E-3	1.1506257633959421E-3	cell spectral efficiency 	0.6~0.95	0.7~0.95	0.75~0.95	0.8~0.95	5.9309835763055846E-2	5.8128806052777156E-2	5.4991695884849819E-2	5.3293965676323905E-2	Cell edge user spectral efficiency	0.6~0.95	0.7~0.95	0.75~0.95	0.8~0.95	0.13488372093023257	0.15581395348837263	0.17209302325581405	0.19302325581395355	Pairing ratio	(0.4，0.6)	(0.39，0.61)	(0.38，0.62)	(0.37，0.63)	(0.36，0.64)	(0.35，0.65)	(0.34，0.66)	(0.33，0.67)	(0.32，0.68)	(0.31，0.69)	(0.3，0.7)	(0.29，0.71)	(0.28，0.72)	(0.27，0.73)	(0.26，0.74)	(0.25，0.75)	(0.24，0.76)	(0.23，0.77)	(0.22，0.78)	(0.21，0.79)	(0.2，0.8)	(0.19，0.81)	(0.18，0.82)	(0.17，0.83)	(0.16，0.84)	(0.15，0.85)	(0.14，0.86)	(0.13，0.87)	(0.12，0.88)	(0.11，0.89)	(0.10，0.90)	(0.09，0.91)	(0.08，0.92)	(0.07，0.93)	(0.06，0.94)	(0.05，0.95)	5.6736501708838739E-2	8.5671811062238527E-3	9.2874986589833366E-3	9.1648914159604047E-3	8.8277214976474738E-3	9.8392312525863238E-3	1.1693665803307341E-2	1.2965715949669741E-2	1.4053855231497821E-2	1.6368066943554693E-2	1.805391653511931E-2	2.0521387300954805E-2	2.1226378948336372E-2	2.2222562797897288E-2	2.3402657511992532E-2	1.8084568345875143E-2	3.2123097671995011E-2	3.4897086545387666E-2	3.6797498812242334E-2	3.5172952842189152E-2	4.1763092154669092E-2	4.5640546215267655E-2	4.3970022529080895E-2	4.2667320571962777E-2	4.6927922267007885E-2	4.8414535088660372E-2	5.1862863798678896E-2	5.2644484972949823E-2	4.729574399607657E-2	3.8391392971539796E-2	3.4559916627074937E-2	3.0973654768655472E-2	2.1517571150515741E-2	1.5984919309108201E-2	1.0007816211742709E-2	7.3717604867508035E-3	Pairing ratio	(0.2，0.8)	(0.19，0.81)	(0.18，0.82)	(0.17，0.83)	(0.16，0.84)	(0.15，0.85)	(0.14，0.86)	(0.13，0.87)	(0.12，0.88)	(0.11，0.89)	(0.10，0.90)	(0.09，0.91)	(0.08，0.92)	(0.07，0.93)	(0.06，0.94)	(0.05，0.95)	0.45685068968812731	4.6255296103978841E-2	4.3945716925233413E-2	4.5315536300213524E-2	4.6207511707177205E-2	4.762511547895866E-2	4.8979006721671776E-2	4.8947150457137399E-2	4.8421522092319445E-2	3.8131948647701606E-2	3.7797457870090201E-2	2.9960816794622664E-2	2.3955910929884416E-2	1.6167054251218588E-2	1.1595680290529141E-2	9.8435857411360208E-3	Alt 1	cell spectral efficiency 	Cell edge user spectral efficiency	6.6063849418711892E-2	8.1395348837210002E-2	Alt 2	cell spectral efficiency 	Cell edge user spectral efficiency	5.3663037460785983E-2	0.16279069767441892	cell spectral efficiency 	0.6~0.95	0.7~0.95	0.75~0.95	0.8~0.95	3.103893707326082E-2	3.0042443255213176E-2	2.6905333087285464E-2	2.7200590514855089E-2	Cell edge user spectral efficiency	0.6~0.95	0.7~0.95	0.75~0.95	0.8~0.95	0.10465116279069778	0.13720930232558146	0.13720930232558146	0.17209302325581405	- 2/8 -
