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Introduction
It is agreed in RAN1#86 that [1]
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other mechanisms are not precluded.
Furthermore, the following agreements were reached for UL grant-free transmission [1]:
· Continue study at least the following: 
· Retransmission/repetition and potential combining, e.g. HARQ
RAN1#86bis also agreed to consider further the tradeoffs for meeting URLLC requirements for the following  [2]

· Semi-static resource allocation for UL data transmission.
· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.
· Normal SR-based transmission
· Other solutions are not precluded
RAN1#86bis had the following agreement on URLLC HARQ [2]
· Study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data
· Further study TTI duration and achievable latency based on at least one retransmission
· Further study details of HARQ operation in DL and UL taking into account reliability of overall HARQ signaling procedure (control, data and feedback channels)
· This does not preclude studying single transmission to meet the RAN requirements on latency and reliability
RAN1#86bis had the following agreement for SLS evaluation for URLLC [2]

· Slide 3 and slide 4 in R1-1610720 are agreed with the following updates:
· Option 1 for UE distribution on slide 4 is for DL only, optional, and 1 eMBB UE in the other 56 sectors is of the same traffic model as the eMBB UEs in the center sector
· Unidirectional and bidirectional (DL or UL).
· URLLC: Both FTP Model 3 (with Poisson arrival) and periodic packet arrivals with packet size 32, 50, 200 bytes.
· URLLC: Packet arrival to achieve URLLC capacity
· For “Simulation bandwidth”
· Add “other bandwidths are not precluded”
· For eMBB UE of FTP model 3, add that the packet size is 0.1Mbytes and 0.5Mbytes
· Companies are encouraged to report the power control parameters (e.g., open-loop, etc.) for UL URLLC evaluations

Based on these agreements, this paper focuses on UL URLLC SLS evaluation and comparison of different schemes.  
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In 3GPP TR38.913, it is indicated that reliability R (with latency boundary L) will be evaluated for URLLC. In the 3GPP RAN1 meeting #85, additional evaluation metrics were proposed, and the following agreements of evaluation metrics for URLLC were reached [1]:
The following performance metrics are defined for evaluation and feature selection in RAN1: 
· URLLC capacity is defined as delivered traffic given the (L, R) constraint
· Denoted as C(L,R) 
· URLLC/ eMBB multiplexing capacity is defined as the simultaneously delivered URLLC capacity C(L,R) and eMBB capacity T

We show % of UEs satisfying the latency of 1ms and reliability of 1-10-5 for different arrival rate/UE and different number of UEs/cell. Reliability of UE is calculated based on the methodology described in [4]
· 
The reliability of the i-th UE is predicted as  , where Ki is the number of packets transmitted by the i-th UE during simulation time Tsim, Ri,k     reliability for k th packet with latency Lk at a given spectral efficiency. 
· If Ri >R0 (where R0 is the reliability requirement), this UE is regarded to have “reliable” link, and could be accounted into URLLC capacity C (the number of reliable UEs/ links). Otherwise, this UE is not “reliable”, and should not be accounted into URLLC capacity C.
Hence, a URLLC UE is counted as satisfied if the average residual BLER over its packets is less than the target BLER. System outage is defined as the percentage of unsatisfied URLLC users exceeding a given threshold, e.g., 5%. System capacity is calculated as the supported traffic load under which the percentage of unsatisfied URLLC UEs is below a given threshold. 
Discussion on UL URLLC schemes
To support URLLC UL traffic, different options can be considered; grant-based (or scheduled) and grant-free transmission.  Grant-based transmission assumes orthogonal resource allocation (i.e., no collision) and can be further classified into different categories; 1) Dynamic grant-based scheduling and 2) Semi-persistent scheduling (SPS).  In [5], it was shown that grant-free and SPS (with scheduling cycle not too long) can have lower latency than grant-based. In contrast to other scheduled transmission, grant-free procedure allows a UE to transmit one or more packets immediately in the next UL opportunity and different URLLC UEs may collide in a partition. As a matter of fact, grant-free can potentially provide more re-transmission opportunities which is critical to achieve the target BLER of 1x10-5. Semi-persistent scheduling can avoid the delay due to SR; however, if the number of UEs to be served is high compared to the BW available, waiting time to reach the pre-configured scheduling instance can be large. 
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                   Figure 1: Grant-free OFDMA Scheme with Frequency Hopping.
[image: ]
                 Figure 2: Grant-based UL URLLC Baseline 
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              Figure 3: Semi-Persistent UL Scheduling of 7 URLLC UEs on 5 Partitions
Figures 1 to 3 demonstrate the transmission procedure for the considered schemes. Simulation parameters are provided in the Appendix. For grant-free and SPS transmission (Figures 1 & 3), the total system BW of 25 RBs are divided into 5 partitions and each packet is transmitted/re-transmitted in one of those randomly selected partitions. Grant-free and SPS assume a fixed MCS, where the MCS is chosen to be able to transmit one packet using one 5RB partition. To exploit more transmission opportunities, each UE in grant-free transmission will keep transmitting a packet until an ACK is received (Figure. 1).  The base station combines all different revisions of the received packets to decode and send an ACK immediately after successfully decoding the packet. Packets that have not been decoded before the latency bound are dropped. 
For grant-based transmission (Figure 2), UE sends an SR immediately after a packet arrival. After receiving a grant from BS, UE transmits the packet according to the grant (in the next slot if possible). Retransmission of a packet follows the legacy HARQ process, where the retransmission is done immediately after a NACK, with a very short RTT assumption of only 3 slots. Grant-based scheme adopts MCS selection based on link adaptation.
For SPS transmission (Figure 3), the resources assigned to each UE are pre-configured by the BS. The same resource region of 5RB partition is used as the minimum resource unit for each packet transmission. It is assumed that SPS only allows for orthogonal multiple access (OMA) transmission, i.e., each resource region is dedicated to a single UE without overlapping with other UEs’ resources.  The cycle and pattern of the resource assignment depend on the number of UEs and the number of partitions available per slot.  The resource is assigned in the order of frequency domain first and time domain second. This gives the maximum benefits to SPS to meet the delay requirement of URLLC. Figure 3 shows an example of SPS resource assignment of 7 users within one cell, and the minimum SPS cycle is 7 slots and the pattern repeats itself every SPS cycle. When packet arrived, each UE will seek the first transmission resource that belongs to it for transmission.  To achieve the highest possible reliability, the UE will keep retransmitting the packet in every following opportunity until an ACK is received, within the latency budget.
Performance Evaluation
We compare the scheme in FDD framework and show % of UEs satisfying the latency of 1ms and reliability of 1-10-5 for different arrival rate/UE and different number of UEs/cell for all three schemes. The reliability of each UE is measured as average residual BLER within latency bound of all simulated packets of each UE.  If the reliability is below the target reliability threshold, the UE is considered satisfied.  Figure 4 shows the performance of contention based grant-free transmission, SPS scheme and grant-based transmission at different number of UEs (250 and 500 packets/second/user) and different packet arrival rate (5 to 20) per UE. It can be seen that GF transmission provides much higher UE reliability and support higher system capacity for URLLC than both GB and SPS scheme. This is mainly because GF has comparatively more transmission/retransmission opportunities within the latency bound as seen in Figures 1 to 3, which can greatly improve the reliability per packet in comparison to GB and SPS scheme.  Compared to GB scheme, GF and SPS can both save latency and control overhead due to dynamic scheduling of GB scheme.  When comparing contention-based GF with SPS, contention based GF allows multiple UEs to access the time-frequency resources, allows for more transmission and retransmission opportunities for each UE, while SPS dedicates resources to the UEs in orthogonal manner. 
 When comparing SPS to GB scheme, the performance of SPS is better than GB for the most case other than the case of 20 UEs with 500 packets/second/user arrival rate.  This is because as with the contention-based GF transmission, SPS avoids the delay of sending SR and SG and control overhead of dynamic scheduling when compared with GB schemes.  However, with more UEs and higher load in the system, the performance of SPS scheme declines faster than GB scheme. This is due to the fact that SPS scheme has to dedicate resources for each active URLLC UEs, and therefore cannot balance the load of different UEs. With more UEs in the system, the number of transmission opportunities within the latency bound for SPS also declines and there may be an increasing amount of wasted resources for SPS scheme. Compared to SPS, GB can handle/balance traffic of different UEs better through scheduling.   
Observation 1: GF is shown to achieve significantly higher URLLC capacity than SPS and GB scheme
Observation 2: GF provides more opportunities for packet transmission for a UE than SPS and GB, thus provide higher reliability for the same load 
Observation 3: The more the number of re-transmission opportunities, the higher are the chances of achieving the URLLC target reliability.
Observation 4: SPS performs better than GB when number of UEs is low. 
Proposal 1: NR should support contention-based transmission mechanisms for UL URLLC.
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[bookmark: _Ref466047598]               Figure 4: Percentage of UEs satisfying the URLLC latency and reliability requirement for different load
Conclusion
In this contribution, we show comparison of different UL URLLC transmission schemes. Grant-free is shown to outperform other baseline schemes in terms of % UEs satisfied who met the 1ms latency and 1x10-5 reliability target.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: GF is shown to achieve significantly higher URLLC capacity than SPS and GB scheme.
Observation 2: GF provides more opportunities for packet transmission for a UE than SPS and GB, thus provide higher reliability for the same load 
Observation 3: The more the number of re-transmission opportunities, the higher are the chances of achieving the URLLC target reliability.
Observation 4: SPS performs better than GB when number of UEs is low. 
Proposal 1: NR should support contention-based transmission mechanisms for UL URLLC.
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Appendix
SLS Simulation Parameters
	Attributes 
	Values or assumptions 

	Layout 
	Urban Macro: Hex. Grid, 57 cells wrap around; 500m ISD 

	Carrier Frequency 
	4 GHz 

	Duplexing Mode 
	FDD 

	System BW 
	20 MHz 

	Number of RBs 
	25 RBs 

	Number of GF RB partitions 
	5 

	Sub-carrier spacing 
	60 kHz 

	SLOT length 
	125 μs 

	MCS 
	QPSK, rate 1/3 (fixed for GF) 

	OFDM symbols per SLOT 
	7 Symbols (NCP) 

	Channel model 
	3D-UMa; user speed = 3km/h  (Following TR 36.873) 

	UE TX power 
	23 dBm 

	OL Power Control 
	P0 = -85 dBm , PL Compensation = 0.93 

	BBU Receiver Noise Figure 
	5dB 

	PHY Packet size 
	32 bytes 

	BS Antenna Configuration 
	4 Rx  (Following TR 38.802) 

	BS Antenna Pattern 
	Following TR 36.873 

	BS Antenna Gain + Connector Loss 
	Following TR 38.802 

	UE Antenna Configuration 
	2 Tx (Following TR 38.802) 

	UL Tx mode 
	SFBC 

	Traffic Model 
	FTP3 

	Fraction of Indoor UEs 
	0.8 

	RB Allocation 
	GF: Random Selection of partition (for both new and re-transmission) 

	UL Scheduler at BBU (for grant-based) 
	Delay based 

	Number of control RBs 
	4 (for grant-based) 

	ACK Feedback assumption 
	Ideal 

	Channel estimation 
	Ideal 

	Latency bound 
	1ms 

	Target Reliability 
	1 – 10-5 

	RTT 
	3 SLOTs 

	Decoding Delay 
	1 SLOT ( BBU and UE) 
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