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1. Introduction
We presented system level results for NOMA for deployments with up to 2 transmit antennas (2Tx) in [1].  In this paper, we present system level results for NOMA in deployments with 4 transmit antennas (4Tx).  The NOMA performance impact of applying codebook subset restriction on the Rel8 4Tx codebook is also considered in this paper.  
2. NOMA scheme 

In this contribution, we consider a generic non-orthogonal multiple access (NOMA) approach based on [2]. 

Transmissions to a ‘near’ UE and a ‘far’ UE are multiplexed in the same resources, but at different power levels and MCSs.  The total transmit power is split between the two UEs, with more power allocated to the far UE.  The far UE MCS is also typically lower than the near UE.  Because the transmission to the far UE is at higher power and generally at lower MCS, the near UE can often cancel the far UE’s PDSCH, maintaining much of the throughput it would have had in the absence of interference.  Furthermore, the interference from the near UE to the far UE is reduced due to the lower power allocation of the near UE, limiting the throughput loss to the far UE, and generally avoiding the need for interference cancellation for the far UE’s PDSCH.  As a result, the total throughput with NOMA transmission can be higher than if the two UEs had been served in orthogonal resources, and only the near UE tends to benefit from interference cancelation.  
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In [1], we presented system level results for NOMA for deployments with up to 2 transmit antennas (2Tx).  Therein, we observed that NOMA only provides moderate gains over OMA at high load.  With regarding to pairing two UEs on the same precoder, the Rel8 2Tx codebook is convenient as it contains only 4 codewords in rank 1 which gives us a reasonable likelihood of two UEs reporting the same PMI and then being considered as a valid pair for NOMA transmission.  In contrast, the Rel8 4Tx codebook contains 16 codewords in rank 1.  As a result, NOMA may experience reduced pairing probability when used in deployments with 4 transmit antennas (4Tx) which will limit the gains of NOMA for 4Tx.  One way of increasing the pairing probability in 4Tx is to apply codebook subset restriction (CBSR) to the Rel8 4Tx codebook.  However, this improvement in pairing probability is achieved at the cost of reduced array gain.  To access the NOMA performance impact of applying CBSR on the Rel8 4Tx codebook, we present system level simulations in the next section.
3. System Level Performance of MuST with 4Tx
For the system simulations, four transmit antennas are used with 2 receive antennas and a 500 kB FTP model.  The near UE uses an MMSE-IRC receiver to suppress inter-cell interference, and ideal interference cancellation is used to remove the superposed PDSCH transmitted to the far UE.  The far UE uses an MMSE-IRC receiver that is unaware of the PDSCH transmitted to the near UE.  Wideband scheduling is used for both NOMA and OMA.  Only rank1 UEs with the same PMI are allowed in the pairing for possible NOMA transmission.  In the case of NOMA with CBSR, the number of codewords for rank1 is restricted to 4.  The 4 rank 1 codewords in the CBSR case are chosen from the most frequently reported rank 1 PMIs.
The results are shown in Table 1 for the case with 60% RU for OMA.  First comparing the OMA performance with that of NOMA without CBSR, we see that NOMA has some gains: 3% mean and 12% cell edge throughput gains at 60% baseline RU.  Without CBSR, the UE pairing probability for NOMA was around 4%.

Then comparing the performance of NOMA with CBSR, it is observed that NOMA with CBSR suffers performance losses with respect to the OMA baseline.  With CBSR, NOMA suffers performance losses of 12% and 16% in mean throughput and cell edge throughput, respectively. Applying CBSR to NOMA increases the UE pairing probability to around 8%.  However, it should be noted that this increase in pairing probability comes at the cost of reduced array gain.
Observation:

· In MuST scenario 1 with ideal interference cancellation and a 4x2 antenna setup, NOMA has modest gains over OMA.
· Applying CBSR to the 4Tx codebook slightly improves UE pairing probability at the cost of reduced array gain.  Since precoding provides rather more gain than MuST here, precoding restrictions translate into notable performance losses for NOMA.

Proposal:

· Capture the results of Table 1 in 36.859 [3].

Table 1: OMA and NOMA Performance with 4x2 Antenna Configuration in MuST Scenario 1 at 60% RU
	Source
	Throughput (Mbps)
	Medium/High Load (~60% RU) with packet size of 500 KB

	
	
	Baseline - OMA
	MUST Category 1

	
	
	
	NOMA without CBSR
	Gain
	NOMA with CBSR
	Gain

	Ericsson
	Mean UPT
	1.539
	1.587
	3%
	1.361
	-12%

	
	5%ile UPT
	0.223
	0.250
	12%
	0.187
	-16%

	
	50%ile UPT
	1.180
	1.244
	5%
	1.003
	-15%

	
	95%ile UPT
	
	
	
	
	

	
	RU
	60%
	58%
	-
	65%
	-

	
	Served/Offered

(# of subframes simulated)
	0.98 (32,000)
	0.98

(32,000)
	-
	0.97
(32,000)
	-

	
	λ
	2.47 users/sec/cell

	
	Note
	


4. Conclusion
In this paper, we present system level results on the performance of NOMA for deployments with 4 transmit antennas.  Based on the results, we observe the following:

Observation:

· In MuST scenario 1 with ideal interference cancellation and a 4x2 antenna setup, NOMA modest gains over OMA.

· Applying CBSR to the 4Tx codebook slightly improves UE pairing probability at the cost of reduced array gain.  Since precoding provides rather more gain than MuST here, precoding restrictions translate into notable performance losses for NOMA.
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6. Appendix A: Simulation Assumptions

	Carrier frequency 
	2 GHz 

	Bandwidth 
	10 MHz 

	Scenarios 
	3GPP MuST homogeneous scenario

	Cell layout 
	19 sites, 3 sectors per site 

	Wrapping 
	Geographical distance based 

	BS antenna
	4Tx cross-polarized, 17dBi, 12deg downtilt

	UE antenna
	2Rx, cross-polarized, omni

	UE receiver 
	Far UE: MMSE-IRC 
Near UE: MMSE-IRC, with ideal IC for MuST interference

	OMA Scheduling 
	Wideband (i.e. proportional fair in time), SU-MIMO

	NOMA Scheduling
	· Wideband
· Limited to two UEs in pairing
· Rank1, same PMI
· Scheduling metric: multi-user proportional fair
· Power ratios: [0.95 0.90 0.85 0.8 0.75 0.7]  for far UE

	PMI/CQI  feedback mode 
	Mode 3-1 for OMA wideband and NOMA

	Link adaptation
	Ideal

	Traffic model 
	FTP: 500kB packet size

	UE speed 
	3 km/h 



