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1. Introduction
In WG1 Meeting #93 [1], RAN1 continued the discussion on evaluation assumptions with the focus on system level simulations. Also, some remaining aspects of link level evaluation and NOMA procedures were also discussed. The discussion resulted in many agreements as captured in [1], among them some agreements deal with synchronization state of UE and potential timing offset (TO) as captured below, 
	· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.
· Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
· e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.
 
· 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.
 



[bookmark: _Hlk521336676]In this contribution, we discuss our perspective on evaluation of NOMA schemes under timing offset assumptions. 

2. Synchronization for Uplink NOMA


Figure 1
Rel. 15 grant free (GF) type 1 and type 2 are considered for uplink transmission. In GF type 1, UE performs random resource selection while in GF type 2 UE’s required resources are pre-configured by gNB. In either type, a GF operation should not be considered the same as an asynchronous operation. In all three use cases of NOMA, namely; URLLC, mMTC and eMBB, a synchronous uplink transmission can be considered, and availability of frequent TA update is not far-fetched. 
For UL transmission, gNB coordinates the timing of uplink transmissions through UE-specific timing advance (TA) values to ensure proper placement of the FFT window for demodulation of the received signals.  Figure 1 shows the relative timing offset between an initial gNB DL transmission and a UE UL transmission. Initial estimation of the TA can be done through the initial PRACH process, and can be updated by follow-up SRS transmission if required. Assuming equal uplink/downlink trip delay values, a gNB can estimate the desired TA value according to the UE distance as


where tTD is the trip delay time of the wireless channel. In the case of absence of correct TA value, a UE may transmit its payload with an incorrect timing. In such case, a UE can still track frequency and timing of a gNB transmission as its reference, however it would not be able to determine the relative timing offset with respect to the desired gNB reception window. 
For all NOMA use cases; URLLC, mMTC and eMBB, it has been agreed that 80% of total UEs are assumed to be indoor UEs while only 20% are outdoor UEs. Since a change in tTD occurs only in case of UE mobility, any significant variation in tTD should not be expected. In other words, indoor UEs can maintain and safely apply their initially configured TA values. In fact, the TA timer (timeAlignmentTimer) can be configured for very long periods if UE is determined to be fixed and exhibit low mobility [3].
[image: ]
[bookmark: _Hlk521424736]Therefore, for the current scope of the NOMA evaluation, 80% of UEs have updated TA information, while the remaining 20% may not. 
Observation 1 – For the current scope of NOMA evaluation, 80% of UEs have updated TA information and properly synchronized. 
In recent RAN1 meeting, it was agreed to verify UEs’ distribution for mMTC use case to assure that the scope of SI does not infringe LPWA use case [2]. In the last meeting, through system level simulations, the matter was confirmed by making sure that the percentage of UEs whose coupling loss CL > 144 dB is not significant [1]. The detailed simulation assumptions are captured in the Appendix Table 1. Using the same system level simulator, we could also get some insight into the synchronization state of the remaining 20% UEs. Figure 2a shows recently discussed CL results where per agreement in [2], less than 5% of UEs exhibit a CL of greater than 144 dB. In Figure 2b, the CDF of UE distance to the serving cell is shown. The distance is measured based on the cell association of a UE to a serving cell with the highest measured RSRP. As it can be observed from Figure 2b, more than 93% of UEs are associated with a cell within the cell radius. By relying on the data available from Figure 2b, Table 2 shows the percentage of UEs that should have a TA less than the value shown in the first column. Based on values in Table 2, we can expect the range of potential timing offset (TO) to be as shown in Table 3. As such, at least 43% of UEs may observe a TO of less than CP duration.
[bookmark: _Hlk521428027]Observation 2 – In absence of an updated TA information, at least 43% of UEs may observe a TO of less than CP duration. 
[bookmark: _Hlk521429006]Based on observations 1 and 2, it can be concluded that for the current scope of evaluation, majority of NOMA UEs can be assume in proper state of timing synchronization. From the values in Table 3, the percentage of UEs with favourable synchronization condition (TO <CP) can be estimated as (80% + 0.43×20%) =86%.
Observation 3 – Based on the observations 1 and 2, for the current scope of NOMA evaluation, majority (86%) of UEs can be assumed to be in proper state of timing synchronization.
[bookmark: _Hlk521510324]Moreover, it should also be noted that these observations are made for the worst case scenario with large cell size (ISD=1732). Therefore, the synchronous uplink data transmission case will be the most prevalent use case in all scenarios, and it should be the main focus of the NOMA evaluation. 
Proposal 1 – NOMA evaluation should only consider synchronous uplink data transmission.
Proposal 2 – In case of considering TO model for NOMA evaluation, TO should be assumed zero for 86% of UEs (transmissions), while for the remaining UEs, a value can be selected from the uniformly distributed range of [0, 2CP].
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Figure 2a																Figure 2b
	Table 2 Timing offset with respect to serving cell

	TA  (us)
	tTD ≈½ TO (us)
	UE distance, dUE (m)
	Percentage of UE (%)

	½ CP = 2.35
	1.175
	352.5
	16

	CP = 4.7
	2.35
	705
	43

	1½ CP = 7.05
	3.525
	1057.5
	81

	2×CP =9.4
	4.7
	1410
	92



	Table 3 Distribution of UE timing offsets

	TO range  (us)
	Percentage of UE (%)

	TO <½CP 
	16

	½CP < TO < CP
	27

	CP < TO < 1½CP
	38

	1½ CP < TO 
	19



3. Conclusions
In this contribution, we discuss our perspective on evaluation of NOMA schemes under timing offset assumption. Based on SL simulation results and the discussion, we provide the following observations and proposal. 
Observation 1 – For the current scope of NOMA evaluation, 80% of UE’s have updated TA information and properly synchronized. 
Observation 2 – In absence of an updated TA information, at least 43% of UEs may observe a TO of less than CP duration. 
Observation 3 – Based on the observations 1 and 2, for the current scope of NOMA evaluation, majority (86%) of UEs can be assumed to be in proper state of timing synchronization.
Proposal 1 – NOMA evaluation should only consider synchronous uplink data transmission.
Proposal 2 – In case of considering TO model for NOMA evaluation, TO should be assumed zero for 86% of UEs (transmissions), while for the remaining UEs, a value can be selected from a uniformly distributed range of [0, 2CP].
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Appendix
Table 1 System level simulation assumptions for NOMA evaluations in mMTC scenario
	Parameters
	mMTC
	Further specified values

	Layout
	Single layer - Macro layer: Hex. Grid with 19 sites
	

	Inter-BS distance
	1732 m 
	

	Carrier frequency
	700 MHz
	

	Simulation bandwidth
	6 PRBs
	

	Number of UEs per cell
	20
	

	Channel model
	UMa in TR 38.901
	

	BS antenna configurations
	2 Rx
2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;
dH = dV = 0.5λ;
BS antenna downtilt: 98degrees
	

	BS antenna height
	25 m
	

	BS antenna element gain + connector loss
	8 dBi, including 3 dB cable loss
	

	UE antenna configuration
	1Tx
	

	UE antenna height
	Follow the modelling of TR 38.901
	

	UE antenna gain
	0 dBi
	

	UE distribution
	For mMTC: 
[20%] of users are outdoors (3 km/h), [80%] of users are indoor (3 km/h); Users dropped uniformly in entire cell
Companies are encouraged to check whether the percentage of UEs whose CL > 144 dB is significant (e.g., 5%) and the CDF of the CL. Further discuss the percentage of outdoor UEs, to be finalized in May meeting.
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