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Introduction
MA scheme has been extensively discussed and evaluated for mMTC. However, MA scheme for URLLC has not been discussed or evaluated. 
In this contribution, we discuss the potential benefit of non-orthogonal MA scheme for URLLC and give our proposals on LLS and SLS assumptions for MA evaluation for URLLC.
Discussion
It was agreed to study grant-free transmission for URLLC as it can potentially reduce the latency. In addition, non-orthogonal multiple access, compared with orthogonal multiple access, can bring the following potential benefits as discussed in [1][2][3][4][5].
· Higher reliability due to lower collision probability and/or better detection performance in case of collision
· Flexible multiplexing with other service, e.g. low latency small packets can be superposed on top of other packets
· Higher spectrum efficiency
· Higher capacity
The evaluation metric and evaluation method for URLLC were discussed in [6] in RAN1#86 with following agreements. 
Agreements:
· Evaluation metric and evaluation method for URLLC
· User plane latency : 
· Definition: Follow the definition in TR38.913, target value is 0.5ms one way, without reliability requirement.
· Evaluation method: Analytical; re-transmission is considered, but scheduling / queuing delay is not included in analytical evaluation
· Reliability  
· Definition: Reliability is defined as the success probability R of transmitting X bits within L seconds, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality Q (e.g., coverage-edge).
· Denoted as R(L, Q, SE), where SE is the required spectral efficiency and SE=X/L/B where B (in Hz) is the user bandwidth that is allocable to one device.
· The latency bound L includes transmission latency, processing latency, retransmission latency and queuing/scheduling latency (including scheduling request and grant reception if any)
· Evaluation method: Link level simulation as start point
· URLLC capacity and URLLC / eMBB multiplexing capacity
· Definition: Follow RAN1#85 agreements with further clarification, if needed
· Evaluation method: System-level simulation can be considered

Several physical layer techniques can be applied to improve the performance of URLLC, e.g. channel coding, frame structure, MIMO, grant-free transmission, HARQ and MA [7]. It is better to evaluate each technique individually in order to understand the benefit of each technique. In this contribution, we focus on MA scheme for URLLC. Therefore, the assumptions of channel coding scheme, frame structure, antenna configuration and HARQ scheme for LLS shall be the same for different MA schemes.
It was agreed to use LLS as start point to evaluate URLLC reliability where scheduling/queuing delay is not assumed in LLS. The evaluation assumptions have been agreed in [6] which can be reused as starting point for MA LLS for URLLC. 
As discussed above, the purpose of this LLS is to compare different MA schemes for URLLC. It is import to assume same channel coding scheme, HARQ and frame structure while it is less important which scheme is assumed especially considering that all these schemes are still under discussion. In general, it is preferable that LTE schemes can be assumed in the LLS.
Regarding channel coding, it is proposed to assume LTE Turbo coding. The metric is BLER performance versus SNR. In order to accelerate the simulation, it is proposed to compare the required SNR to achieve BLER=10-4 without HARQ according to the guidelines agreed for URLLC channel coding evaluation in RAN1#84bis.
It is proposed that LTE numerology is assumed considering that the latency is not considered in the LLS. 
In addition, in order to compare different MA schemes, the total allocated bandwidth should be defined. Furthermore, it is proposed to assume grant-free transmission for non-orthogonal MA while for orthogonal MA, both grant-based and grant-free transmissions can be assumed. The proposed values or assumptions for MA LLS evaluation for URLLC are listed in Table 1.
Table 1: LLS assumptions for MA evaluation for URLLC
	Attributes 
	Values or assumptions 
	Proposed values or assumptions for MA evaluation

	Carrier Frequency 
	700MHz and 4 GHz (FDD and TDD) 
	4GHz

	Modulation and coding rate 
	QPSK, 16QAM, 64QAM 
1/12, 1/6, 1/3
Other MCS not precluded
Comparison should be made for the same spectrum efficiency
	QPSK
LTE Turbo coding

	User bandwidth 
	Companies report 
	Total allocated bandwidth: 8 RB
Number of UEs: 4, 8
For grant-based OFDMA: UEs share the total allocated bandwidth equally in frequency domain
For grant-free OFDMA: 
For non-orthogonal MA: UEs share the total allocated bandwidth according to specific MA scheme

	PHY Packet size 
	32 byte, 50 byte, 200 byte 
Other values are not precluded. 
	32 byte with CRC included

	Latency bound (NOTE1) 
	1ms 
Other values are not precluded 
Companies report delay assumptions according to Table 1 in R1-166485. 
Scheduling / queuing delay is not assumed in LLS. 
	Single transmission without HARQ
Target BLER:10^-4

	SINR range 
	-5dB to 20dB 
Larger range is not precluded 
	-5dB to 20dB 
Larger range is not precluded

	Sub-carrier spacing 
	Companies report 
	15 kHz

	TTI length 
	Companies report 
	1ms

	OFDM symbols per TTI 
	Companies report 
	14

	Channel model 
	TDL/CDL in TR38.900; user speed = 3km/h, 15km/h (other user speed is not precluded) 
	TDL-C in TR38.900, user speed=3km/h

	BS antenna configuration 
	2/4/8 Tx/Rx ports as start point 
Other values (i.e., up to 256)  are not precluded 
	4 Rx ports

	UE antenna elements 
	2/4 Tx/Rx ports as start point 
Other values (i.e., up to 8) are not precluded 
	1 Tx port

	ACK Feedback assumption 
	Ideal as start point 
NOTE: It is also possible that no ACK feedback is needed, 
	No HARQ

	Channel estimation 
	Ideal as start point; Realistic is not precluded when RS design is ready 
	Ideal

	CQI feedback assumption 
	Companies report the feedback scheme if any 
	No CQI feedback



Proposal 1: Evaluate the performance of different MA schemes for UL URLLC in terms of reliability via LLS according to the assumptions listed in Table 1.

It was agreed that SLS can be considered for URLLC capacity evaluation where URLLC system capacity C(L, R) is the maximum offered cell load under which Y% of UEs in a cell operate with target link reliability R under L latency bound. In addition, it was agreed that indoor hotspot and urban macro scenarios are used as a starting point for initial URLLC evaluations. It is proposed to assume urban macro scenario as a starting point with the following assumptions listed in Table 2 based on agreed assumptions for urban macro [8]. The metric is the supported packet arrival rate under which Y% of UEs in a cell operate with target link reliability R under L latency bound.
Table 2: SLS assumptions for MA evaluation for URLLC
	Attributes  
	Values or assumptions  

	Layout  
	Single layer – Urban Macro layer: Hex. Grid  

	Inter-BS distance  
	500m  

	Carrier frequency  
	4GHz

	Simulation bandwidth  
	Companies report simulation bandwidth used in evaluation  

	Channel model  
	3D UMa

	Tx power  
	UE: Max 23dBm 

	BS antenna configuration  
	Rx: 4 ports 

	BS antenna pattern  
	Follow the modeling of TR36.873  

	BS antenna height  
	25m 

	BS antenna tilt  
	Companies report tilt  

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

	BS receiver noise figure  
	5 dB  

	UE antenna elements  
	1Tx 

	UE antenna height  
	Follow TR36.873  

	UE antenna gain  
	Follow the modeling of TR36.873 

	Traffic model  
	Non-full buffer small packet with Poisson arrival 

	UE distribution  
	20% of users are outdoors (3km/h) 

	
	80% of users are indoors (3km/h)  

	
	Users dropped uniformly in entire cell  

	BS receiver  
	MMSE-IRC as baseline, Advanced receiver is not precluded 

	Channel coding
	LTE Turbo

	subcarrier spacing
	15kHz

	OFDM symbols per TTI 
	Companies report 

	RS overhead
	Companies report

	UL power control  
	Companies report power control scheme  

	Channel estimation 
	Realistic 



Proposal 2: Evaluate the performance of different MA schemes for UL URLLC in terms of capacity via according to the assumptions listed in Table 2.

Conclusion
In this contribution, we discuss the potential benefit of non-orthogonal MA scheme for URLLC and give our proposals on LLS and SLS assumptions with following proposals.
Proposal 1: Evaluate the performance of different MA schemes for UL URLLC in terms of reliability via LLS according to the assumptions listed in Table 1.
Proposal 2: Evaluate the performance of different MA schemes for UL URLLC in terms of capacity via according to the assumptions listed in Table 2.
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