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Introduction
In RAN1 #86 [1], the following conclusions were made based on extensive discussions and evaluations made on new multiple access schemes:
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC
For UL grant free transmsission, the agreements are shown as following：
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied
· Opt. 1: a UE performs random resource selection
· Details FFS
· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined
· Details FFS
· Other options are not precluded
· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block
· Note: spatial dimension is not considered as a physical resource in this context
· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:
· Codebook/Codeword
· Sequence
· Interleaver and/or mapping pattern
· Demodulation reference signal
· Preamble
· Spatial-dimension
· Power-dimension
· Others are not precluded
From the agreements above, we could see that lots of discussion were made on new multiple access scheme for the mMTC usage scenario, however, we didn’t discuss or evaluate the new multiple access on the other two important scenarios, eMBB and URLLC, especially for URLLC usage scenario，both the features of low latency and high reliability should be satistifed. However，UL grant free is generally considered to reduce the latency, in addition non-orthogonal multiple access can bring much more reliability based on UL grant free schemes as analyzed in some contributions[2].

In this contribution, we first analyze the necessity of new multiple access based on the features and KPIs of URLLC, and then give our initial consideration of new MA evaluation for URLLC scenario.
Discussions on MA for URLLC scenario
A diverse set of usage scenarios and applications is envisioned for the 3GPP New Radio Access Technology (NR), in paritcular for URLLC usage case, both low latency and high reliability need to be considered, the the target Key Performance Indicators (KPI) are given as following[3]:
User Plane Latency
	For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.
NOTE1:	The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.


 Reliability
	Reliability can be evaluated by the success probability of transmitting X bytes NOTE1 within 1 ms, 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 (e.g., coverage-edge).
The target for reliability should be 1-10-5 within 1ms.
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.
NOTE1: Specific value for X is FFS


As discussed in previous several RAN1 meetings, UL grant free is considered as one efficient scheme to reduce latency, and should be considered in uRLLC usage scenario, the agreements are shown as following:
· 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 schemes are not precluded
· Other mechanisms are not precluded
When the resources allocated for URLLC is rather comparable limted considering the users compared with the resources allocated to URLLC, then the resources can be accessed by multiple UEs simultaneously, to separate different users on the same resource, the scheme of non-orthogonal multiple access couldd be considered since it can bring the potential benefits such as higher reliability in case of collision and more flexible to multiplex different services compared with orthogonal multiple access.
Evaluation assumptions of MA for URLLC
To justify whether the new multiple access of new radio access is benefitial to URLLC scenario, some evaluations have to be done firstly. Since two features including latency and reliability need to be evaluated, the following two comparison methods could be considered:
1. The reliability comparison between grant free non-orthgonal multiple access and grant free orthognal mutliple access.
2. The latency and reliability comparison between grant free non-orthgonal multiple access and grant based orthogonal multiple access.
Before considering more detailed assumptions for MA schemes, we can see some agreements of the evaluation metric and method for URLLC[1]:
· 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
Another agreement is the uRLLC evaluation assumptions and link level method in [4], and shown as following:
Table 1 traffic model for URLLC
	Packet arrive rate
Companies report the used option, and are encouraged to provide how to exploit arrival rate for Option 2 
	Option 1: periodically 
Option 2: Poisson arrival with arrival rate l

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


Table 2 LLS parameter for URLLC evaluation
	Attributes 
	Values or assumptions 

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

	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

	User bandwidth 
	Companies report 

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

	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. 

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

	Sub-carrier spacing 
	Companies report 

	TTI length 
	Companies report 

	OFDM symbols per TTI 
	Companies report 

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

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

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

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

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

	CQI feedback assumption 
	Companies report the feedback scheme if any 


Based on the URLLC evaluation agreement, the link level evaluation of new MA for URLLC could be the starting point, as the link level evaluation assumptions for new MA UL LLS have been discussed and agreed in previous meetings, some of the parameters can be reused for URLLC MA. 
As shown in table 3, our initial consideration of link level evaluation assumptions are given:
· 4GHz is selected as the Carrier Frequency
· the PHY packet size is 32 bytes
· to promise the latency, 1 TTI transmission without HARQ is assumed
· subcarrier spacing and TTI length are selected as 60kHz and 0.25ms
· OFDM symbols are 7
· The channel model is TDL-A 30, 3km/h
· BS and UE antenna configuration are 1Tx and 4Rx
· Ideal channel estimation
Table 3: LLS assumptions for MA evaluation for URLLC
	Attributes
	Values or assumptions(Agreed in R1-168371)
	parameters

	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 
	Comparison should be made for the same spectrum efficiency

	User bandwidth 
	Companies report 12RB 
	Companies report

	PHY Packet size 
	32 byte, 50 byte, 200 byte 
Other values are not precluded. 
	32 bytes 

	Latency bound (NOTE1) 
	1ms 
Other values are not precluded 
Companies report delay assumption, e.g., processing delay, transmission delay, re-transmission delay.  Scheduling / queuing delay is not assumed in LLS. 
	1 TTI transmission: No HARQ/retransmission/repetition

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

	Sub-carrier spacing 
	Companies report 
	60kHz

	TTI length 
	Companies report 
	0.25ms

	OFDM symbols per TTI 
	Companies report 
	7 

	Channel model 
	TDL/CDL in TR38.900; user speed = 3km/h, 15km/h (other user speed is not precluded) 
	TDL-A 30, 3km/h 

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

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

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

	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 
	/ 


Conclusion
In this contribution, based on the necessity discussion of considering new multiple access for URLLC scenario in NR, we propose to evaluate the reliability of grant free non-orthgonal multiple access compared with grant free orthognal mutliple access, and to evaluate the latency and reliability of grant free non-orthgonal multiple access compared with grant based orthogonal multiple access. Take the existing MA agreement and URLLC agreement as the starting point, we also give our intial considerations on the link level simulation assumptions.
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