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1 Introduction
At the TSG RAN1 Meeting #85, the following was agreed [1]: 
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
One of the open aspects from above is the modeling of the timing offsets for the case (Case 1) wherein the timing offsets between UEs can be greater than a cyclic prefix. In this contribution, we present an approach to model the timing offsets between simultaneously transmitting UEs when they transmit based on DL reference time. The model derived here is based on a Time Of Arrival (ToA) modeling from the statistics collected from system-level simulator developed according to the agreed SLS evaluation methodology from RAN1 #85.

2 Modeling of timing offsets in the UL asynchronous case

First, we note that Case 1 from the RAN1 #85 agreements quoted above corresponds to the usual UL synchronous case wherein the UL packets are transmitted with application of appropriate timing advance (TA) to compensate for the propagation delay between the UE and the eNodeB receiver, so that the transmissions from different UEs in the cell arrive at the eNodeB receiver with a relative timing offset that is within the cyclic prefix (CP). 

However, the situation described in Case 2 may arise for the case of UL transmissions that may not be transmitted with the application of an active TA. Such cases can be expected in the context of UL grant-less UL NOMA transmissions from UEs that may not have an active TA, e.g., transmissions from UEs without performing a random access (RA) handshake procedure (similar to the LTE RA procedure). Such cases are important considering the potential benefits in avoiding a multi-step RA procedure for mMTC UEs with infrequent traffic pattern comprising of small packet transmissions in terms of device battery lifetime and meeting the latency requirements for exception reporting instances from UEs that may be in deep coverage. The benefits in reducing access latency may also be applicable to certain eMBB use cases.
In this regard, Case 2 can arise if it is assumed that UEs acquire DL synchronization and transmit UL packets based on the DL reference time. Here, we consider such a transmission scheme wherein transmissions from UEs are based on DL reference time and derive a model for the timing offsets for transmissions from a UE to its serving cell based on the statistics obtained from system-level simulations according to the agreed SLS evaluation methodologies for mMTC and eMBB use cases (see Appendix).

3 On ToA distribution statistic for multiple access scenarios
In this section, we present various statistics for the agreed deployment and user dropping for mMTC and eMBB use cases, including the CDF of distance between a UE and its serving cell, spread of ToA as a function of the pathgain (or equivalently MCL), and the pdf of the ToA values considering different coverage targets.

Some of the key simulation assumptions in this analysis are presented below in Table 1. The detailed simulation assumptions are provided in the Appendix.
Table 1. Key simulation assumptions for determination of the ToA statistics for mMTC and eMBB

	Deployment (ISD)
	mMTC-Rural (1732), eMBB-Dense Urban(200)

	Number of UE per cell
	10

	Association
	DL RSRP based

	Ts value
	~32.5 ns, 20 MHz LTE sample 


In Figure 1, we present the distribution of the distance between UE and its serving base station (BS) as well as the distribution of the distance between UE and its nearest base station. As can be expected, for the eMBB deployment assumption of Dense Urban deployment with 200m cell radius, the distance distribution is much narrowly spread compared to the mMTC-Rural case. As will be evident from the subsequent results, this would have a significant impact on the range of the timing offsets between the UE and the eNodeB receiver.
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	(a) Distance CDF, Rural, Serving BS
	(b) Distance CDF, Dense Urban, Serving BS
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	(c) Distance CDF, Rural, Nearest BS
	(d) Distance CDF, Rural, Nearest BS


Figure 1. Distance distribution between UE and serving/nearest BS.
In Figure 2, it is assumed that the UEs transmit with DL timing reference (i.e., without application of TA, or TA = 0). In Figures 2(a) –(b), we present the scatter plot for the ToA statistics for UEs as a function of the pathgain w.r.t. the serving BS. 
Note that here, “Pathgain” = path loss + antenna gain. Thus, it corresponds to the negative of maximum coupling loss (MCL) between the UE transmitter and the eNodeB receiver. 

In figures 2(e) through 2(l), we present the pdf of the ToA statistics and use MMSE-based curve fitting using a Rayleigh distribution and compare to the empirical probability density function for different choices of coverage targets implied by imposing thresholds of different pathgain values.
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	(a) ToA Scattering diagram, Rural
	(b) ToA Scattering diagram, Dense Urban

	[image: image7.emf]0 50 100 150 200 250 300 350 400

ToA, Ts

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

ToA, serving BS, DL TA

Pathgain thr. = -90

Pathgain thr. = -110

Pathgain thr. = -130

Pathgain thr. = -165


	[image: image8.emf]0 10 20 30 40 50 60

ToA, Ts

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

ToA, serving BS, DL TA

Pathgain thr. = -90

Pathgain thr. = -110

Pathgain thr. = -130

Pathgain thr. = -165



	(c)ToA CDF, Rural
	(d) ToA CDF, Dense Urban
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	(e) ToA PDF, Rural, pathgain > - 90dB
	(f) ToA PDF, Dense Urban, pathgain > -90  dB
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	(g) ToA PDF, Rural, pathgain > - 110dB
	(h)  ToA PDF, Dense Urban, pathgain > -110 dB
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	(i) ToA PDF, Rural, pathgain > - 130dB
	(j) ToA PDF, Dense Urban, pathgain > -130 dB
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	(k)  ToA PDF, Rural, pathgain >- 165dB
	(l)  ToA PDF, Dense Urban, pathgain >-165 dB


Figure 2. ToA distribution between UE and serving BS, assuming DL timing on UE side.
It can be observed from Figure 2 that, as expected, the signals at the eNodeB are delayed due to absence of timing advance at the UE (timing offset between UE and serving BS is always positive). Further, the presented Rayleigh distribution-based curve fitting models the distribution of the ToA values quite accurately.
Since the user association is performed based on DL RSRP, it is interesting to consider the time of arrival statistics of the UL transmissions at the nearest BS in terms of physical distance that may not be the serving cell for these UEs. In Figure 3, we present the statistics of ToA at the nearest BS for UEs transmitting with DL reference time and in Figure 4, we consider the same for UEs transmitting with UL reference time (i.e., transmissions with active TA to compensate for the propagation delay between the UE and its serving BS). 
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	(a) ToA Scattering diagram, Rural
	(b) ToA Scattering diagram, Dense Urban


Figure 3. ToA distribution between UE and nearest BS, assuming DL timing on UE side.
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	(a) ToA CDF, Rural
	(b) ToA Scattering diagram, Dense Urban


Figure 4. ToA distribution between UE and nearest BS, assuming UL timing on UE side.
Comparing Figures 3 and 4 indicates that in both cases, there is a non-negligible spread of ToA values to the nearest BS, with the key difference being that the signals from UE transmitting with active TA arrive at the nearest BS “early” while those for UEs transmitting with DL timing arrive “late”. Thus, as can be expected, considering inter-cell interference, there exist non-negligible timing offsets with similar statistics that may fall outside the CP (assuming LTE NCP) for signals from UEs to neighboring BSs that are not the serving BS, irrespective of whether UL or DL timing is assumed. Hence, for simplicity, we assume that the impact from timing offsets inter-cell interference would not be significantly different between the two cases and can be further mitigated with power control (even considering OLPC) to the serving BS.   
Therefore, for the purpose of evaluation of the impact from UL asynchronous transmissions (and comparisons to UL transmissions with active TA), we focus on the ToA statistics at the serving BS potentially leading to timing offsets between target UEs exceeding the CP length at the serving BS.
Referring back to Figure 2, we note that that the spread of the timing offsets is a function of the target coverage considered in the cell. The distributions in Figures 2(e) through 2(l) are summarized in Table 2, where we list the corresponding Rayleigh distribution sigma for the modeling of the timing offsets between UE and its serving BS for the eMBB-Dense Urban and mMTC-Rural deployment scenarios. Here, the sigma estimation of Rayleigh distribution was obtain using criteria of minimum mean square error. 

As discussed in [2], one of the aspects that needs to be discussed in RAN1 is the target coverage for grant-less UL NOMA transmissions for further analysis and evaluations of different grant-less UL NOMA schemes. 
Table 2. Rayleigh distribution of sigma parameter, DL timing.
	Pathgain, dB
	Dense Urban, serving BS
	Rural, serving BS

	-90
	5.5
	16

	-110
	5
	35.5

	-130
	5.5
	47.5

	-165
	5.5
	50


Considering mMTC use cases and coverage enhancement targets, we consider the worst case MCL of around 165dB corresponding to the benchmark set by Rel-13 NB-IoT. Thus, if the target maximum coverage is around 164dB MCL, then for mMTC use cases assuming the Rural deployment model (as per RAN1 agreement) the ToA spread can be modeled as a Rayleigh distribution with sigma of 50 as shown in Figure 2(k), where the unit of time is represented in terms of LTE sampling time Ts (= 1/30.72 us).
Based on the above analysis, it is proposed that, for the case of grant-less UL NOMA transmissions without UL synchronization, the timing offsets between different UEs are modeled by incorporating random timing offsets between each UE and the eNodeB receiver link according to overall coverage target assumed. 
Proposal 1
· For link-level analysis of the scenario wherein time offsets between different UEs’ signals may exceed the cyclic prefix:

·  It is assumed that UEs transmit according to DL reference time (i.e., transmission with TA=0) 
·  The timing offsets between different UEs’ signals at the eNodeB receiver is modelled by considering random timing offsets for each UE to eNodeB link, wherein the timing offset follows a Rayleigh distribution with sigma as given in Table 2 corresponding to the assumption of the target coverage level in the cell and the deployment scenario (i.e., Rural or Dense Urban).
4 Conclusion
In this contribution, we presented an approach to model the timing offsets between simultaneously transmitting UEs when they transmit based on DL reference time (i.e., with TA = 0). Based on the analysis presented we propose the following:
Proposal 1
· For link-level analysis of the scenario wherein time offsets between different UEs’ signals may exceed the cyclic prefix:

·  It is assumed that UEs transmit according to DL reference time (i.e., transmission with TA=0) 

·  The timing offsets between different UEs’ signals at the eNodeB receiver is modelled by considering random timing offsets for each UE to eNodeB link, wherein the timing offset follows a Rayleigh distribution with sigma as given in Table 2 corresponding to the assumption of the target coverage level in the cell and the deployment scenario (i.e., Rural or Dense Urban).
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6 Appendix
Table 1. Evaluation assumptions for system level studies 
	Scenario
	mMTC
	eMBB-Dense Urban 

	Spectrum

	Carrier frequency
	700 MHz
	4GHz

	Simulated bandwidth
	10MHz
	10MHz

	System bandwidth (Subcarrier spacing)
	20MHzc15 KHz
	20 MHz 15 KHz

	Deployment

	Layout
	Hexagonal
	Hexagonal

	Inter-site distance (Number of tiers)
	1732 m (2)
	200 m (2)

	eNB deployment type (Number of sectors)
	Macro only (3)
	Macro only (3)

	UE distribution
	Uniform in 2D UE drop;

20% UEs outdoor

80% UEs indoor
	Uniform;

80% indoor

20% outdoor vehicles

	Number of UEs per TRP
	10 
	10

	BS-UE min distance, m
	35
	35

	Channel

	Macro-UE
	3D UMa (TR 36.873)
	3D UMa (TR 36.873)

	BS parameters

	Tx maximum power
	49 dBm –not needed for UL
	44 dBm – 3 dB(BW scaling)

	Noise figure
	5 dB
	5 dB

	Antenna height
	25 m
	25 m

	Antenna element gain
	8 dBi (including 3 dB cable loss)
	8 dBi (TR 36.873)

	Antenna tilt
	96 deg. – Electrical tilt (From IMT-A RMa)
	102 deg – electrical tilt

	Antenna Pattern
	TR 36.873
	TR 36.873

	Antenna Separation

(dH, dV, dHg, dVg)
	(0.5λ, 0.8λ,-,-)
	(0.5λ, 0.8λ,-,-)

	UE parameters

	Tx maximum power
	23 dBm
	23 dBm

	Antennas Configuration
	1Tx
	1TXU

	Noise figure
	9 dB
	9 dB

	Antenna Height
	1.5 m(for indoor UEs height is calculated according to TR 36.873)
	1.5 m (for indoor UEs height is calculated according to TR 36.873)

	Antenna gain
	-4 dBi
	0 dBi

	Antenna Pattern
	Omnidirectional
	Omnidirectional
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