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1. Introduction
In RAN1-84bis meeting, RAN1 reached the following agreements:

 Agreement:
· 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]

· FFS the impact if 16QAM for MUST-Far UE is supported 

This contribution evaluates the system performance with single or multiple power ratios in order to determine a suitable number of power-ratio values. We also discuss the impact of restricting far-user’s signal to be QPSK modulated on system performance. 
2. Modulation order of far-user

In the last RAN1 meeting the majority of companies thought it is proper to restrict the modulation order (MOD) of a MUST-far user to be only QPSK. The main reasons could be analyzed in the following aspects:

1) The probability of using 16-QAM

2) Impact on system performance with/without this restriction
3) EVM requirement

4) Signaling or blind-detection complexity 

5) MUST support for legacy users

As we had shown in [1], 16-QAM is seldom used for far-users. Only around 3% of MUST far-users are scheduled with 16QAM. If Tx-EVM is limited to 8%, we also observed negative impact on system performance when allowing using 16-QAM for far-user. This increases UE’s complexity and the probability of detection error. 

On the other hand, from the perspective of either network signaling or blind detection for the MOD used by MUST far-user, restricting far-user to be QPSK implies the uncertainty on far-user’s MOD directly disappears. It eases the concern on controlling overhead and blind detection for far-user’s MOD is no longer needed. Moreover, it is possible for a near-user to be paired with multiple far-users on different subsets of near-user’s scheduled bandwidth. If there is no QPSK restriction, higher overhead is expected to provide the modulation information of far-users, or the near-user may need to perform per-PRB blind detection to know far-user’s MOD. 
The next concern is the support for legacy users. To apply MUST to legacy users, who don’t have the power information, legacy-users must be far-user and QPSK modulated. QAM is not suitable for legacy users because that QAM demodulation needs to know the exact allocated power on this user while the power-ratio information is not available for legacy users.
Based on the analysis above we then have the following proposal:

Proposal 1: PDSCH transmitted to far-users should be QPSK modulated.
3. Selection of power ratios

In this section we consider various sets of power ratios:
	Number of power ratios
	Allowed values of power-ratio for all MOD combinations with MOD_F=QPSK

	1
	
	
	
	
	r
	
	
	
	

	2
	 
	 
	 
	 
	r
	0.8
	 
	 
	 

	4
	0.6
	 
	 
	 
	r
	0.8
	 
	 
	0.95

	6
	0.6
	 
	0.6688
	 
	r
	0.8
	0.85
	 
	0.95

	7
	0.6
	 
	0.6688
	0.7
	r
	0.8
	0.85
	 
	0.95

	9
	0.6
	0.65
	0.6688
	0.7
	r
	0.8
	0.85
	0.9
	0.95


Table 1. Power ratio α in MUST category-2 with single or multiple power ratios
In table 1, the value of r is designed to contain legacy constellation, i.e., r = 0.7529 for (MOD_N, MOD_F) = (64QAM, QPSK) and r = 0.7619 for (MOD_N, MOD_F) = (16QAM, QPSK).  Since the power ratio corresponding to 16QAM legacy constellation for (MOD_N, MOD_F) = (QPSK, QPSK) is 0.8 and is already in the list of allowed values, we set r = 0.75 for (MOD_N, MOD_F) = (QPSK, QPSK). The power ratios in each set are simply picked up with equal spacing (for the case with 9 values) and kept the legacy one. The value 0.6688 is a local maximum for the minimum distance among composite constellation points corresponding to (64QAM, QPSK), as shown in [1].
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Figure 1 Gain of mean UPT (MUST over OMA)
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Figure 2 Gain of 5%ile UPT (MUST over OMA)
Figure 1 and 2 show the gain of MUST over OMA in terms of average UPT and 5%ile UPT under the power ratio sets defined in Table 1. The results show that multiple levels for power ratio brings some gain for both average and cell-edge throughput. (The gain does not monotonically increase as the number of power ratios increases; this may be due to not enough simulation trials.) Thus we think it is necessary to specify multiple power ratios for Rel-14 MUST. 
Observation 1: Multiple levels for power ratio brings some gain for both average and cell-edge throughput.
Proposal 2: Agree to specify multiple power ratios for each (MODN, MODF) combination.
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Figure 3 Scheduling PDF of power-ratios (Number of power ratios = 2, 4, 7, 9)
Figure 3 presents the scheduling p.d.f. of power-ratios in the sets with {2, 4, 7, 9} values. It was observed that some power-ratio values are seldom used. For example, for the case with 9 values, 0.6688 for all MOD combinations, and 0.7 for (16QAM, QPSK) and (64QAM, QPSK) are seldom selected. There are 8, 6, and 3 values frequently used, for the MUST MOD combinations with (QPSK, QPSK), (16QAM, QPSK), and (64QAM, QPSK), respectively. Thus we think we should define 3~8 power-ratio values for MUST. However based on above observations, it seems not necessary to have the same number of values for all MOD-combinations.
Observation 2: It is good enough to have 3~8 power-ratio values for MUST Case1 and Case 2 design and not necessary to have the same number of values for all MOD-combinations.
4. Conclusion

This contribution presented the system performance with single or multiple power ratios in order to determine a suitable number of power-ratio values. The impact of restricting far-user’s signal to be QPSK modulated on system performance is also analyzed. We have the following observations and proposals:
Observation 1: Multiple levels for power ratio brings some gain for both average and cell-edge throughput.
Observation 2: It is good enough to have 3~8 power-ratio values for MUST Case1 and Case 2 design and not necessary to have the same number of values for all MOD-combinations.

Proposal 1: PDSCH transmitted to far-users should be QPSK modulated.
Proposal 2: Agree to specify multiple power ratios for each (MODN, MODF) combination.
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Appendix

	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

	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 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

UE: 
· 2 Rx, cross-polarized

	Traffic model
	FTP traffic model 1 with packet size = 100 Kbytes

	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
	For all users, MMSE-IRC is assumed for inter-cell interference suppression

For MUST near-users the following is assumed

· RML for intra-spatial-layer interference cancellation

· MMSE-IRC is assumed for inter-spatial-layer interference 
For other users, MMSE-IRC is assumed for inter/intra-spatial-layer interference suppression

	UE noise figure
	9 dB

	UE speed
	Outdoor UEs: 3 km/hr

Indoor UEs: 3 km/hr

	Cell selection criteria
	RSRP for intra-frequency

	Unified handover margin
	3 dB

	Overheard
	3 symbols for DL CCHs, 2 CRS ports 

	Transmission schemes
	SU-MIMO and MUST

	Feedback assumption
	Realistic CRS channel/interference estimation
RI/PMI/CQI feedback period = 5ms
SU-MIMO CSI feedback with 5ms feedback delay

	Receiver impairment modeling for demodulation
	Modeled

	EVM
	Tx EVM = 8%; Rx EVM = 4%

	HARQ
	No HARQ

	Power ratio sets
	One or four levels for MUST users


