[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN1 Meeting #94b	R1-1810626
Chengdu, China, 08th – 12th October 2018


Source: 	Hughes
Title:	NR-NOMA: Link Level Performance Results for ACMA 
	 
TDOC Type:	
Agenda Item:	7.2.1.4
Document for:	Discussion
Release:	

Summary
The link level simulation (LLS) results of Asynchronous Code Multiple Access (ACMA) for mMTC uplink were reported in [1]. Additionally, partially asynchronous ACMA to accommodate operation in time-limited frequency resource assignments, including Time-Division Duplexing (TDD), and multi-layer transmission to increase the multiple access capacity of ACMA for transmission with large TBS were described in [2].  This document presents additional LLS results for multi-layer ACMA. 

Link Level Simulation Results
Simulation assumptions used in the link-level evaluation of ACMA for mMTC uplink are listed in Table 1 of [1].  
1.1  Simulation Results for Multi-Layer ACMA

It was observed in [2] that the higher code rates used at larger TBS are less effective in supporting multiple access and that this can be successfully overcome using multi-layer transmission.  This is illustrated in Figure 1, which compares single-layer ACMA with 40 bytes TBS (Figure 1.a)  with two-layer ACMA  of 20 bytes each (Figure 1.b) and three-layer ACMA of 13.375 bytes each (Figure 1.c).  TDL-C channel with perfect channel estimation is considered. Partially asynchronous transmission [2] over n =5 subframes is assumed.  Performance comparisons are made in terms of both, BLER versus Es/N0 and BLER versus average number of users per subframe.   For two-layer case, one layer is at 3dB lower power than the other, whereas for the three-layer case, the layers are lower in power by 3.5dB.  The Es/N0 for multi-layer case is the sum of the different layers.  Figure 1 indicates that at BLER 0.1, it is possible to support 14 users, at Es/N0 = 3dB with two-layers and 16 users, at Es/N0 = 4.8dB with three-layers.  In comparison, single-layer ACMA can support approximately 11 users at a comparable Es/N0.
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[bookmark: _Ref525748704]Figure 1.a Single-Layer ACMA, TBS 40 bytes
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              Figure 1.b Two-Layer ACMA, Per-layer TBS 20 bytes
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Figure 1.c Three-Layer ACMA, Per-layer TBS 13.375 bytes
 
Figure 1:  TBS 40 bytes BLER vs. Es/N0 per antenna for different numbers of users per subframe and BLER vs. average number of users per subframe in TDL-C channel for partially asynchronous ACMA (n =5).

Figure 2 compares single-layer ACMA with 60 byte TBS (Figure 2.a) with two-layer ACMA of 30 bytes each (Figure 2.b) and three-layer ACMA of 20 bytes each (Figure 2.c).  TDL-C channel with perfect channel estimation is considered. Partially asynchronous transmission over n =5 subframes is assumed.  Performance comparisons are made in terms of both, BLER versus Es/N0 and BLER versus average number of users per subframe.   For two-layer case, one layer is at 3.5dB lower power than the other, similarly, for the three-layer case, the layers are lower in power by 3.5dB.  Figure 2 indicates that at BLER 0.1, it is possible to support 8 users at Es/N0 = 2.9dB and 11 users at Es/N0 = 6.1dB. Single-layer ACMA can support 6 users at a comparable Es/N0.
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Figure 2.a Single-Layer ACMA, TBS 60 bytes
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Figure 2.b Two-Layer ACMA, Per-layer TBS 30 bytes
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Figure 2.c Three-Layer ACMA, Per-layer TBS 20 bytes

Figure 2: TBS 60 bytes BLER vs. Es/N0 per antenna for different numbers of users per subframe and BLER vs. average number of users per subframe in TDL-C channel for partially asynchronous ACMA (n =5).


Figure 3, compares single-layer ACMA with 75 byte TBS (Figure 3.a) with two-layer ACMA of 37.5 bytes each (Figure 2.b) and three-layer ACMA of 25 bytes each (Figure 2.c).  TDL-C channel with perfect channel estimation is considered. Partially asynchronous transmission over n =5 subframes is assumed.  Performance comparisons are made in terms of both, BLER versus Es/N0 and BLER versus average number of users per subframe.   For two-layer case, one layer is at 3.5dB lower power than the other, similarly, for the three-layer case, the layers are lower in power by 3.5dB.  
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Figure 3.a Single-Layer ACMA, TBS 75 bytes
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Figure 3.b Two-Layer ACMA, Per-layer TBS 37.5 bytes
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Figure 3.c Three-Layer ACMA, TBS 75 bytes

Figure 3: TBS 75 bytes BLER vs. Es/N0 per antenna for different numbers of users per subframe and BLER vs. average number of users per subframe in TDL-C channel for partially asynchronous ACMA (n =5).


The outcome of these simulations and more extensive LLS results are summarized for different TB lengths in Table 2 (two-layer ACMA) and Table 3 (three-layer ACMA). These tables record the ACMA capacity, defined as the number of users that can be supported in a subframe inferred from the performance curves, at a target BLER of 0.1. In addition to the partially asynchronous results discussed previously, the performance in synchronous and fully asynchronous modes are also tabulated.  For comparison, single-layer ACMA performance from [1-2] is summarized here in Table 1. 







Table 1: Single-layer ACMA in TDL-C Channel
	TBS (bytes)
	10
	20
	40
	60
	75

	Capacity Synch. 
	30
	15
	 7
	 4
	3

	Capacity Fully Asynch.
	60
	30
	14
	 8
	6

	Capacity Partially Asynch. 
n = 5 subfames
	48
	24
	11
	6
	4



	
Table 2: Two-layer ACMA in TDL-C Channel
	TBS (bytes)
	40
	60
	75

	Capacity Synch.
	 10
	6 
	4

	Capacity Fully Asynch.
	16
	 10
	7

	Capacity Partially Asynch. 
n = 5 subfames
	14
	8
	6



Table 3: Three-layer ACMA in TDL-C Channel
	TBS (bytes)
	40
	60
	75

	Capacity Synch.
	12 
	 7
	5

	Capacity Fully Asynch.
	18
	 12
	9

	Capacity Partially Asynch. 
n = 5 subfames
	16
	11
	8




Observation 1. Significant capacity gain of ACMA over synchronous NOMA can be preserved with partially asynchronous transmission over several contiguous subframes.
Observation 2: Multi-layer transmission can be applied to increase capacity gain of ACMA for larger values of TBS.  

Conclusions
This contribution presents LLS results for multi-layer asynchronous coded multiple access (ACMA) technique for uplink mMTC under different TB lengths. 
Proposal 1. Partially asynchronous NOMA transmission to be considered when multiple contiguous subframes can be assigned for NOMA operation, including TDD operation.
Proposal 2. Multi-layer NOMA transmission can be considered to increase the overall spectral efficiency as well as per user spectral efficiency.
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