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1	Introduction
In [1], Bit Division Multiple Access (BDMA) is proposed. Under that design, if a spatial layer is shared between two UEs, a legacy uniform combined constellation will be used and the BL UE and EL UE will be mapped to the MSB and LSB of the constellation mapping for the combined constellation respectively. 
A natural implementation of the receiver is the MLM. A legacy MLM block can be used and LLRs correspond to assigned bits can be identified and used, while the LLRs correspond to the other UE can be simply abandoned, or not calculated at all.
In this document, we provide some link level simulation results with the proposed design. In Section 2, we will show the single UE link level performance. In Section 3, two UE link level performance with a proportionally fair scheduler are provided.
2	Single UE Link Level Performance
In this section, we focus on the EL link level performance assuming there is one spatial layer in use and it is shared between two UEs. The results here can be used in link to system mapping design.
For the BL UE, it will treat the EL signal as interference and no special link curve is needed. We can re-use the existing link curve with proper SNR adjustment.
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[bookmark: _Ref427147214]Figure 1. Link Curves for QPSK EL with QPSK BL
For the EL UE, a natural receiver selection is MLM receiver that directly calculate the LLRs for the EL bits in the combined constellation. We consider the maximum combined constellation of 64QAM in this section. Given this limitation, if the EL UE is using an MCS with QPSK, it can be paired with a BL constellation of QPSK or 16QAM. If the EL UE is using an MCS with 16QAM, then it can be paired with a BL constellation of QPSK only. Figure 1 to Figure 3 show the AWGN channel link curve for EL in different MCS. In Figure 1, the link curves for QPSK EL with a QPSK BL are shown, with MCS 0 to 9 from left to right. In Figure 2, the link curves for 16QAM EL with a QPSK BL are shown, with MCS 10 to 16 from left to right. In Figure 3, the link curves for QPSK EL with a 16QAM BL are shown, with MCS 0 to 9 from left to right. In all these figures, the performance upper bound of ideal BL IC is also shown as reference. 
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[bookmark: _Ref427147997]Figure 2. Link Curves for 16QAM EL with QPSK BL
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[bookmark: _Ref427147315]Figure 3. Link Curves for QPSK EL with 16QAM BL
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[bookmark: _Ref427148074]Figure 4. SNR Loss at 1% BLER From Ideal BL IC
In Figure 4, the SNR loss at 1% BLER point, compared to the ideal IC bound is shown. As we can see, the loss decreases with higher MCS and lower BL modulation order. As we can observe in Figure 1 to Figure 3, the link curves are reasonably parallel to the ideal BL IC upper bound. Therefore, we expect to see similar SNR loss at other BLER points.
The SNR loss in Figure 4 can be used in link to system mapping, where the SNR loss for each MCS can be directly added on top of the existing link curves as extra backoff.
3	Two UE Link Level Performance with PFS
In this section, we study the performance of a two UE simulation with a PFS scheduler to pair the UEs. 
The UEs are in TM4, but potentially with precoding codebook limitations, so they have higher chance to be paired. The CQI reported are legacy TM4 CQIs and the eNB will convert the reported single user SNR to multiuser SNR for the pairing. When multiple modes of operations are configured, a PFS scheduler is used to choose the operation modes (different spatial layer usage and different EL/BL assignment) to maximize the multiuser PFS metric.
The simulation parameters are summarized in Table 1. Since we only expect NOMA gain when one UE is stronger than the other UE, in this study, we will focus on UE0 with low geometry and UE1 with higher geometry.
[bookmark: _Ref427157802]In this study, the baseline of all the throughput gains is a scheme TDM between two TM4 UEs using PFS. A better baseline might be an enhanced MU-MIMO scheme that supports TDM of TM4 UEs and SDMA. The other baseline will be used in the future submission of the contribution.
Table 1. Simulation Parameters
	Parameters
	Value

	Transmission mode
	4

	Number of UEs
	2 (UE0 is the weaker UE with geometry -4,0,4,8,12dB; 
UE1 is the stronger stronger UE with geometry 12,16,20,24,28dB)

	# TX/RX antennas
	2x2

	Channel
	EPA 3km/h

	Outer loop
	On with 1st transmission target BLER of 10%

	HARQ
	Off

	CQI feedback
	TM4 feedback with PMI restrictions

	UE receiver
	MLM



The next few tables show the throughput gain of each UE and total throughput under different PMI restrictions. In each of the tables, there are three parts. The first part shows the UE0 throughput gain over UE0 in TDM scheme. The second part is the UE1 throughput gain over UE1 in TDM scheme. The third part is the sum throughput gain over sum throughput in TDM scheme. All three throughput gains are shown as we not only want the sum throughput gain, but also do not want to achieve the gain at the cost of fairness.
[bookmark: _Ref427171419]Table 2. Throughput Gain over TDM when Both UEs Restricted with 1st Base Precoding Matrix
	UE0 Thrpt gain 
over TDM (%)
	UE1 geometry (dB)

	
	12
	16
	20
	24
	28

	UE0 geometry (dB)
	-4
	26%
	29%
	28%
	33%
	24%

	
	0
	-3%
	10%
	18%
	10%
	8%

	
	4
	-6%
	7%
	21%
	22%
	16%

	
	8
	-46%
	-8%
	15%
	17%
	17%

	
	12
	-74%
	-25%
	2%
	9%
	13%

	UE1 Thrpt gain 
over TDM (%)
	UE1 geometry (dB)

	
	12
	16
	20
	24
	28

	UE0 geometry (dB)
	-4
	12%
	20%
	26%
	34%
	49%

	
	0
	1%
	12%
	21%
	29%
	44%

	
	4
	1%
	9%
	12%
	22%
	35%

	
	8
	-1%
	-1%
	2%
	10%
	24%

	
	12
	-2%
	-9%
	-12%
	3%
	16%

	Total Thrpt gain 
over TDM (%)
	UE1 geometry (dB)

	
	12
	16
	20
	24
	28

	UE0 geometry (dB)
	-4
	13%
	21%
	26%
	34%
	48%

	
	0
	0%
	12%
	20%
	27%
	41%

	
	4
	-1%
	9%
	14%
	22%
	32%

	
	8
	-19%
	-4%
	5%
	12%
	22%

	
	12
	-37%
	-16%
	-7%
	5%
	15%



Table 2 shows the throughput gain when both UEs are restricted to one or both columns base precoding matrix . However, if they choose  and  respectively, they will be served in TDM fashion, as this is out of the scope of the NOMA SID. It can be seen that we can observe NOMA gain when the geometry difference between the two UEs is large enough, say around 12dB gap. Even at a geometry difference of 8dB, we still mostly see a loss.
On the other hand, Table 3 shows the throughput gains when both UEs are free to choose either of the base precoding matrices. However, when the reported base precoding matrices are not the same, the two UEs can be served in TDM fashion only. As a result, compare to the simulation in Table 2, the chance to pair the two UEs will be lower, as with 50% chance, the two UEs will report the same base precoding matrix. As we can see, the NOMA gain is actually lower. However, we also observe that when the geometry difference is 8dB, the throughput gain loss improves to a small gain. This is very likely because in Table 2, we used NOMA in scenarios that we should not.
[bookmark: _Ref427177664]Table 3. Throughput Gain over TDM when Both UEs Are Free to Pick Base Precoding Matrices
	UE0 Thrpt gain 
over TDM (%)
	UE1 geometry (dB)

	
	12
	16
	20
	24
	28

	UE0 geometry (dB)
	-4
	12%
	11%
	11%
	27%
	19%

	
	0
	13%
	15%
	22%
	26%
	26%

	
	4
	0%
	11%
	18%
	19%
	19%

	
	8
	-18%
	2%
	10%
	11%
	12%

	
	12
	-73%
	-7%
	2%
	6%
	8%

	UE1 Thrpt gain 
over TDM (%)
	UE1 geometry (dB)

	
	12
	16
	20
	24
	28

	UE0 geometry (dB)
	-4
	17%
	18%
	22%
	24%
	28%

	
	0
	6%
	8%
	11%
	13%
	17%

	
	4
	4%
	6%
	9%
	11%
	16%

	
	8
	2%
	2%
	5%
	8%
	15%

	
	12
	9%
	-6%
	-1%
	6%
	11%

	Total Thrpt gain 
over TDM (%)
	UE1 geometry (dB)

	
	12
	16
	20
	24
	28

	UE0 geometry (dB)
	-4
	16%
	18%
	22%
	24%
	28%

	
	0
	7%
	9%
	12%
	14%
	18%

	
	4
	3%
	7%
	11%
	12%
	16%

	
	8
	-6%
	2%
	6%
	9%
	15%

	
	12
	-31%
	-6%
	0%
	6%
	10%



The key observations are as follows:
Observations:
1. To have non-trivial NOMA gain, we will need reasonably large geometry difference between the two UEs.
2. Having more base precoding matrices reduces the chance to pair UEs and reduces the NOMA gain
3. It is not always good to serve UEs in NOMA fashion, especially when the geometry difference is not large, and it is necessary to serve UEs with a mix of NOMA and single UE scheduling as decided by the PFS scheduler.

4		Conclusions 
This document provides the link curves for EL when BDMA is used to combine BL and EL signals. We also demonstrate the two UE NOMA gain with link level simulation, and observed that we need reasonable geometry difference to have the gain.
Key observations are as follows.
Observations:
1. To have non-trivial NOMA gain, we will need reasonably large geometry difference between the two UEs.
2. Having more base precoding matrices reduces the chance to pair UEs and reduces the NOMA gain
3. It is not always good to serve UEs in NOMA fashion, especially when the geometry difference is not large, and it is necessary to serve UEs with a mix of NOMA and single UE scheduling as decided by the PFS scheduler.
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