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1. Introduction
In RAN1 #93 [1], it was agreed that:
Agreements:
· Synchronous UL data transmission should be the starting point.  
· Also considers the asynchronous transmission
· Timing offset is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:
· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS
· Case 2: 2*CP>=y > CP, with detailed value FFS
· Additional value(s) for y are not precluded
· Possible down-selection can still be discussed 
· FFS the channel structure and procedures for asynchronous.

In this contribution, we discuss the asynchronous case and provide some simulation results. 
2. Discussion
There has been some discussion on the effect of asynchronous transmission on the performance of NOMA schemes. Asynchronous transmission arises due to the random distribution of UEs around the cell with different distances to their respective serving cell. The cell receives the signal from different UEs at different times due to their different propagation delays. Timing adjustments depend on whether the system is grant based or grant free. 
In a grant based transmission and grant free type 1 with preconfigured resources, the cell and UE acquire timing information and the timing offsets can be mitigated using timing advance; however, in grant free type 2, there are situations where a UE could engage in a transmission without having a timing advance or based on outdated information. In mMTC scenario, grant free is one possible transmission mode. UE density is typically large and UEs transmit packets with small payloads. The amount of overhead and latency due to RACH procedures would be prohibitively high if grant based were to be used in this case. Since mMTC is one of the main use cases for NOMA, it is one scenario where asynchronous transmissions could be present with grant free access. If asynchronous transmissions arise, then it is also a matter of how much impact does it have on the system’s performance. 
In an OFDM based system, the extent to which asynchronous transmission affects performance depends on the timing offset length compared to the CP length. Typically, if the delay falls within the CP length then the effect on the performance should be minimal. With delays larger than CP length, the performance is expected to degrade more but it’s unclear how significant a loss it causes. 
In the following, we run a link level simulation to evaluate degradation from an out of synch reception. Figure 1 shows the BLER performance of a single user in AWGN where the timing offset is varied between 0% (perfectly synchronous system) to 200% of CP length. Detailed simulation assumptions are provided in the Appendix.
As shown in Figure 1, when the delay falls within the CP length, we observe minimal degradation of less than 1 dB with respect to the perfectly synchronous case around the 10% BLER mark. With larger delays above the CP length, the performance degrades greater than 1 dB. These losses are expected since they are a known issue for OFDM based systems. However, as stated in our companion contribution [2], most transmissions are expected to be synchronous. As such, the performance loss observed in Figure 1 will only affect a small proportion of UEs. Therefore, studying the performance in the synchronous case should give a good benchmark of the performance to expect in a NOMA system
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Figure 1 Effect of asynchronous timing on BLER in (a) AWGN and (b) TDL-A fading
Observation 1 – Asynchronous performance degradation is more significant when the timing offset exceeds the CP length.
3. Conclusions
In this contribution, we presented link level simulation results showing the effect of asynchronous transmission on the system’s performance. 
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	Parameters
	mMTC

	Carrier Frequency
	700 MHz

	Waveform (data part)
	CP-OFDM

	Channel coding
	NR LDPC

	Numerology (data part)
	SCS = 15 kHz, #OS = 14

	Allocated bandwidth
	6 PRBs

	TBS per UE
	10 bytes

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	1


	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx  

	Propagation channel & UE velocity
	AWGN

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal


	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal

	Timing offset
	[0 50  100 150 200]% of CP length

	Frequency error
	0

	Traffic model for link level
	Full buffer

	Performance metrics 
	BLER





3/3
image1.emf
-14 -13 -12 -11 -10 -9

SNR

10

-2

10

-1

10

0

B

L

E

R

IDMA in AWGN

0%

50%

100%

150%

200%


image2.emf
-14 -12 -10 -8 -6 -4 -2 0

SNR

10

-2

10

-1

10

0

B

L

E

R

IDMA in TDL-A

0%

100%

150%

200%


