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1. Introduction
In this contribution we present preliminary system-level simulation results for MUST PDSCH. The multiuser superposition scheme without Gray mapping is considered in this work, as described in [1]. Details of the used scheduling algorithm will be also explained. 
2. Simulation setup

We consider MUST scenario 1 specified in [2] and list our simulation assumptions in Appendix. Full-buffer traffic model is used for our evaluation. This work assumes that all near users perfectly cancel intra-cell interference and assume the far user applies MMSE-IRC receiver to handle all co-channel interference. 

2.1 Scheduling algorithm

The scheduling algorithm used in our simulator is similar to that proposed in [3]. It consists of the following steps:

1. For each subband i, we compute proportional-fairness (PF) score for all OMA candidates and all NOMA candidates with all combinations of paired users and power allocation. The PF score is defined as:
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where the number n is 1 for OMA and is 2 for NOMA, tu is the estimated total transport block size for user u, and tu, ave is the estimated average throughput for user u. This simulator uses a simple alpha-filer to get tu, ave: 
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(2)
The winner user(s) of each subband with the highest PF-score could be either OMA or NOMA. To simplify the simulation, we consider same-precoding NOMA, for both rank-1 case and rank-2 case, as illustrated in Figure 1.
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Figure 1.  NOMA user pairing in system-level evaluation

For the case with RI feedback =1, we limit the scheduled precoding direction to be aligned with the precoder indicated by PMI feedback. For the case with RI feedback =2, we allow the scheduled precoding direction to be aligned with the rank-2 precoder indicated by the reported PMI or one of the two column vectors in the rank-2 precoder. As a result, the subband winner users would be in one of the following six possible “states”: Rank1_OMA, Rank1_near, Rank1_far, Rank2_OMA, Rank2_near, and Rank2_far.
For each NOMA candidate, which consists of one near user and one far user, we consider 9 possible power splitting factors {0.05, 0.1, …, 0.45} for near-user power allocation.
2. After getting all subband winner users, count the number of user states across subbands,
user_state[6 possible states].

3. Compare the number of winning subbands for each user,

[image: image4.wmf]å

=

=

5

0

]

[

_

s

s

state

user

k

.








(3)

4. Find the user with largest k defined in (3). We denote this winner user by user w.
5. User-state and RB assignment:
In this work we consider user-state alignment for each scheduled user due to the limitation of control signaling, with one exception that will be described later. Across all allocated resource blocks, a served user should be in a unique user-state, which specifies the number of layers and the near/far state, over all assigned resource blocks. This state-constraint is accomplished by the following sub-steps:
Step 5-1: determine user-state according to the largest user_state[s] of user w selected by step 4. 
Step 5-2: among the subbands corresponding to the largest user_state[s], assign user w the subbands with no user-state contradict to other scheduled users whose user-state are already determined. At the same time if user w is a NOMA user, the near/far state of the other NOMA user is then also determined if there is no user-state contradiction. 
Step 5-3: for subbands with user-state contradiction, release this subband for further processing. 
One exception: we allow a far-user to be OMA at part of its scheduled resource blocks. This is due to that the receiver type is MMSE-IRC for both OMA and far-user. 
6. Further process the released subbands by repeating step1~5. Note in the repeated step 2, the subband winner users should be in a state without conflicting with the user-state that is already assigned by step 5; otherwise we discard this OMA/NOMA candidate.
3. Results and observations
Full-buffer traffic with 10 users per cell is assumed in this work. We present the results under two feedback types:
1) Wideband CQI + wideband PMI (PUSCH mode 1-1);
2) Subband CQI + wideband PMI (PUSCH mode 3-1).
For PUSCH mode 1-1, the scheduling algorithm explained in Section 2 leads to TDM-like resource allocation for served users. Results corresponding to the two feedback types are shown in the following tables. 
	Wideband CQI

wideband PMI
(PUSCH 1-1)
	NPF=50

	
	OMA
	NOMA
	gain

	Ave. SE (bps/Hz)
	1.892
	2.221
	17.39%

	Cell-edge SE
(bps/Hz)
	0.0339
	0.04192
	23.66%


Table 1. Performance comparison of NOMA and OMA (PUSCH mode 1-1)
	Subband CQI

wideband PMI
(PUSCH 3-1)
	NPF =50

	
	OMA
	NOMA
	Gain

	Ave. SE (bps/Hz)
	2.439
	2.645
	8.45%

	Cell-edge SE
(bps/Hz)
	0.0523
	0.0594
	13.58%


Table 2. Performance comparison of NOMA and OMA (PUSCH mode 3-1)

Observations:
1) For feedback mode 1-1, we observed significant gain (>17%) for both cell-edge users and also for average cell spectrum efficiency.
2) For feedback mode 3-1, cell-edge gain is still good (~13%) and the system average SE gain is around 8%. 

The main reason leads to the difference for average SE between the results in Table 1 and 2 is that mode 3-1 provides multi-user gain due to frequency-selectivity for both OMA and NOMA; we saw the average spectrum efficiency improvement from mode 1-1 to mode 3-1 is about 0.53 bps/Hz and 0.43 bps/Hz for OMA and NOMA cases, respectively. Thus the relative gain becomes smaller for mode 3-1 because the baseline (OMA) is also improved.
In summary, we believe MUST is a good technique to provide improvement especially for cell-edge users. When the UL feedback resource is further a concern so that multi-user gain over frequency domain may not be fully utilized, MUST has additional degree of freedom to provide better user experience for cell-edge users while system throughput gain is still significant. 
4.  Conclusion

In this contribution we presented the detailed scheduling algorithms and the corresponding results for two feedback modes. We have the following observations under full-buffer traffic model:
Observations:

1) For feedback mode 1-1, we observed significant gain (>17%) for both cell-edge users and also for average cell spectrum efficiency.
2) For feedback mode 3-1, cell-edge gain is still good (~13%) and the system average SE gain is around 8%.
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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
	full buffer traffic model; 10 users per 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
	For all users, MMSE-IRC is assumed for inter-cell interference suppression

For MUST near-users the following is assumed
· Perfect IC 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
	Single point transmission schemes, i.e. SU-MIMO, MU-MIMO, and MU superposition transmission

	Feedback assumption
	Ideal CRS channel/interference estimation
RI/PMI feedback period = 5ms
Assume perfect CQI feedback for both OMA and NOMA with 1ms feedback delay

	Receiver impairment modeling for demodulation
	Ideal CRS channel estimation

	EVM
	EVM is not modeled

	HARQ
	No HARQ

	Power ratio sets
	0.05:0.05:0.45 for near user
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