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Introduction
From [1] RAN1#87 agreement, a UL URLLC transmission can be realized by a UE without a grant from the gNB:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design
The agreements 1 and 2 below, which were made if RAN1#88 [2] further describe how UE is configured with K repetitions (transmission) for UL URLLC transmissions, and the behavior expected from the UE:
· Agreement 1: For UL transmission without grant,
· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
· Reference signal parameters
· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
· FFS other parameters
· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB 
· The number of repetitions for the TB reaches K
· Agreement 2: For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB 
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply
The URLLC reliability requirement for URLLC packet size 32bytes is 99.999% with a User Plane latency of 1 ms. This contribution discusses the design of the repetitions for Grant-free, in particular it looks at the impact of the user collisions and latency/reliability requirements and proposes an asymmetrical design for Grant-free repetitions in a way similar to the HARQ design proposed in [3] for the DL URLLC.
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Principle and Motivation of Asymmetric Repetitions
Grant-free transmission requires a large amount of repetitions to achieve a BLER of 10-5. Repetition across the time shall be very limited to respect the latency requirements. Among other potential solutions, frequency domain repetitions is one option and is investigated in this contribution. However, for grant-free transmission, an increase of frequency domain repetitions leads to an increased probability of UE collision.
During RAN1#88, it has been agreed that the resource configuration for uplink transmission without grant includes time and frequency resources. The resource configuration for repetitions is FFS and the current section investigates this point.
Besides the use of techniques linked to frequency diversity improvement (frequency hopping...), the frequency resource configuration can follow two directions as illustrated in Figure 1:
· Use of the same amount of frequency resources for initial and subsequent transmissions => Symmetric Repetitions
· Use of a different amount of frequency resources for initial and subsequent transmissions=> Asymmetric Repetitions
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[bookmark: _Ref481593579]Figure 1: Symmetric vs Asymmetric Repetitions

· Rk k=1, …,K is the aggregate rate including the frequency/time repetitions of transmission k. K is the maximum number of retransmission (in the figure K=3).
· Nk= r/Rk is the normalized amount of resources in transmission ‘k’. ‘r’ is the mother code rate on the top which repetitions are applied
· Symmetric repetitions scheme uses the same amount of resources on all retransmissions:  N1=N2=..=NK=Nmax 
· Asymmetric repetitions scheme uses an increasing amount of resources with increasing retransmission index N1≤N2 ≤.. ≤ NK=Nmax 

The motivation for asymmetric repetitions scheme is:
· For the first transmission, to reduce the probability of collisions between UEs through a decrease of frequency resource usage while still maintaining a sufficiently low BLER,
· Even if two UEs transmit at the same time, they may still not collide if they use different resources/sub-bands 
· Different strategies are possible: orthogonal or random allocation in the frequency domain
· Orthogonal or near orthogonal allocation in the frequency can be done by gNB configuration for each UE
· Orthogonal allocation is less flexible and may not achieve full orthogonality for large number of users
· Random allocation can for example be based on the User Identity, RNTI or equivalent
· A way of making the resource allocation random independently of the packet size is to randomize the starting position of the frequency allocation.
· For the retransmission(s), to guarantee the required URLLC reliability through an increase of frequency resource usage
· For K=2, most of the packets will be delivered by the 1st transmission, with low resource usage
· In these cases we assume the gNB sends an ACK to stop further transmission
· Asymmetric repetitions achieve a compromise between average resource usage and reliability.

It is envisaged that the resource usage configuration can be realized semi-statically by the gNB on the basis of the number of UEs supporting URLLC service within the cell. For a large number of UEs, the probability that the first transmissions collides with the transmission from another UE becomes significantly high.
Simulation results in Figure 2 clearly illustrate that grant-free symmetric repetition BLER degrades as the number of UEs increases. This suggests that there exist a number of UEs above which a 10-5 BLER cannot be achieved at any SNR. Symmetric repetitions transmission suffers from error floor as the number of UEs increases. As can be seen in Figure 3, the error floor does not appear for Asymmetric repetitions case in the same scanario.
Observation 1: Grant-free Symmetric repetitions scheme suffers from users collisions more than the Asymmetric repetition scheme
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[bookmark: _Ref481673946]Figure 2: Uplink Grant-Free Symmetric Repetitions Drawback – 10 UEs (left) vs 40 UEs (right)

Comparison between Symmetric and Asymmetric Repetitions Performance
The normalized averaged resource usage is calculated as:
Aver_Re_Usage = N1+ N2xBLER1Tx
where BLER1Tx is the BLER of the 1st transmission. 
For simulation 40 UEs are assumed and soft combining across transmissions is enabled
Figure 3 and Figure 4 compare the BLER and normalized average resource usage for the symmetric {N1=2, N2=2} and asymmetric cases {N1=1, N2=2}. Similarly to the {N1=1, N2=1} case of Figure 2, the symmetric configuration {N1=2, N2=2} of Figure 3 suffers from error floor for SNR ≥ 1, while the asymmetric configuration allow reaching 10-5 BLER at SNR ≈ 10 dB. 
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[bookmark: _Ref481675476]Figure 3: Uplink Grant-Free Asymmetric Repetitions Advantage – Symmetric (left) vs Asymmetric (right)
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[bookmark: _Ref481678644]Figure 4: Normalized Average Resource Usage
Focusing on the SNR point 5 dB, the Symmetric repetitions BLER saturates at BLER ~f 4 ∙ 10-4 with an Aver_Re_Usage of ~2.04, while the asymmetric repetitions reaches a BLER of 6 ∙ 10-5 with an Aver_Re_Usage of ~1.02.
Asymmetric repetitions achieve lower overall BLER and lower resource usage:
· Lower overall BLER due to lower probability of collision on the 1st transmission
· Lower Aver_Re_Usage is due to lower resource usage of the 1st Transmission (N1=1)
Observation 2: Asymmetric repetitions scheme achieves better reliability and higher efficiency than Symmetric repetitions scheme
Asymmetrical Repetitions Optimization and Soft Combining Effect
Table 1 (resp. Table 2) investigates the optimal N2 / N1 ratio. For SNR point -1dB with K = 2 and 40 UEs, the ratio N2 / N1 = 8 leads to the minimum Aver_Re_Usage of 2.32 without soft combining in Table 1 (2.48 with soft combining in Table 2). For this optimal N2 / N1 ratio there is very little difference in terms of BLER and efficiency (Aver_Re_Usage) between the cases where soft combining across transmissions is enabled/disabled. 

	
	N1=16, N2=16
	N1=8, N2=16
	N1=4, N2=16
	N1=2, N2=16
	N1=1, N2=16

	Overall BLER
	10-3
	5x10-5
	1.5x10-5
	6x10-6
	6x10-6

	1st Tx BLER
	0.02
	0.01
	0.007
	0.02
	0.15

	Aver_Re_Usage
	16.32
	8.16
	4.12
	2.32
	3.40


[bookmark: _Ref481779092]Table 1: Average Resource Usage without Soft Combining

	
	N1=16, N2=16
	N1=8, N2=16
	N1=4, N2=16
	N1=2, N2=16
	N1=1, N2=16

	Overall BLER
	5x10-4
	2x10-5
	4x10-6
	8x10-6
	10-5

	1st Tx BLER
	0.02
	0.01
	0.006
	0.03
	0.15

	Aver_Re_Usage
	16.32
	8.16
	4.10
	2.48
	3.40


[bookmark: _Ref481779097]Table 2: Average Resource Usage with Soft Combining

When the ratio N2 / N1 increases, the BLER improvement due to soft combining reduces because the information brought via soft combining from the failing first transmission, becomes insignificant for decoding the retransmission that uses a very large amount of resources. 
The robustness of Asymmetrical repetitions w.r.t. the use or not of soft combining across transmissions allows for more flexibility w.r.t. the case of Symmetrical repetitions where soft combining is more critical for performance. This flexibility is especially required if repetitions can be prevented or delayed by a gNodeB notification.
Due to the performance gain and flexibility advantages of Asymmetrical repetitions over symmetrical repetitions we propose that Asymmetrical repetitions are used for Grant-free scheme support.

Proposal 1: Support Asymmetric repetitions for Grant-free UL transmissions
Conclusion
In this contribution, we provided an evaluation and an analysis of Asymmetrical repetitions scheme for Grant-free UL URLLC transmission. The following observations and proposals are given for consideration:
Observation 1: Grant-free Symmetric repetitions scheme suffers from users collisions more than the Asymmetric repetition scheme 
[bookmark: _GoBack]Observation 2: Asymmetric repetitions scheme achieves better reliability and higher efficiency than Symmetric repetitions scheme
Proposal 1: Support Asymmetric repetitions for Grant-free UL transmissions
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Appendix
System level simulation assumptions:
· One gNB (No inter-cell interference),
· No control plane is simulated.

	Parameter
	Value

	Subcarrier Spacing
	60 kHz

	TTI
	0.125 ms

	Antenna diversity
	Alamouti scheme assumed with 2Tx/2Rx antennas

	Channel Coding
	LTE Turbo, Coding rate 1/3

	Packet Size
	32 Bytes

	Soft Combining
	Can be enabled/disabled for simulation

	Channel
	Rayleigh fading

	Number of UEs
	10 / 40

	UE Traffic
	On average each UE transmits ten packets per second (10Hz)

	UE dropping
	All UEs have the same SNR (full power compensation assumption)

	UE allocation
	Random allocation of UEs to sub-bands
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