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Introduction
It was agreed in RAN1#84bis meeting that
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases 
Along with the study interest of  UL non-orthogonal multiple access, good progress are reached in RAN1#85 and RAN1#86 meeting especially for mMTC usage scenario, including the characteristics on grant-free non-orthogonal MA, definition of MA resource, potential transmission options, as well as technique problems to continue study with [1][2], to aim for:
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
Meanwhile, it was agreed for URLLC service to consider grant-free transmission in parallel [2]. 
· 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.
In this contribution, we will discuss the possibility to apply grant-free non-orthogonal MA to UL URLLC transmissions. In particular, we shall show with technical analysis and also preliminary LLS results that with grant-free non-orthogonal MA, URLLC services is able to meet not only its ultra low latency requirement (0.5ms one direction) but also the high reliability requirement (1-10^-5), even when MA physical resource collision and/or MA signature collision are allowed. 
[bookmark: _Ref129681832]Discussion on grant-free non-orthogonal MA for UL URLLC
Motivation of grant-free non-orthogonal MA for UL URLLC
As described in [3], the “arrive-to-go” design target of grant-free transmission could effectively reduce the time waiting for scheduling grant and thus relax the timing design in frame structure to support traffics that demands ultra low latency, especially for UL services. In light of this, it has been agreed to consider grant-free transmission as one important candidate technology for UL URLLC [2]
In grant-free UL transmission, as agreed in RAN1#86bis [2], UE either transmits with random resource selection from a pre-defined resource pool, or it uses the pre-configured or pre-determined resource to transmit. In both cases, dynamic and explicit scheduling is not needed, and it is possible that multiple users will share the same time/frequency resource, which is also called collision of MA physical resource [3, 4]. 
With periodic traffic, as long as the number of users is not very large, it is possible to pre-schedule the transmission in the way that there is no collision of MA physical resource. However, with Poisson type of sporadic traffic, it is very hard to avoid such collision with pre-scheduling since the start time of each packet transmission is impossible to predict. Reserving orthogonal physical resource for each user is a possible way along the direction, but at the expense of very inefficient use of resource when the number of user is not small, and may have negative impact on the other services that share the common physical resources [5]. Therefore, we have the following observation:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 1: For URLLC traffic with Poisson type of sporadic features, collision in MA physical resources is hard to avoid in grant-free transmission. 
Non-orthogonal MA is a natural solution to deal with MA physical resource collision. As has been proved in [6], well designed non-orthogonal MA schemes could support as large as 300% overloading [footnoteRef:1] with asymptotically the same BLER performance as no overloading case (i.e. overloading = 100%). This is mostly observed when BLER is below 10^-3. As the reliability requirement of URLLC is expected to be around 1-10-5 the performance with overloading shall be expected to be very similar to that of no overloading case, i.e., single user case with the same MCS, if there is no error floor.  [1:  Overloading is defined as number of supported users over the spreading length in each spreading block, e.g., 300% overloading for spreading length = 4 implies support of 12 users simultaneously.] 

Moreover, it has been observed also in [4, 6, 7] that the collision of MA codebook/sequence, which is possible to happen in grant-free transmission when the UEs have the freedom to choose the MA signature randomly from the pre-defined pool, has very limited impact on the reliability (BLER) performance. This is another good feature of non-orthogonal MA for grant-free transmission. 
Some preliminary LLS examples will be given in section 3 to verify the observations above. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation 2: For UL grant-free, non-orthogonal MA is a good solution to solve the collision in MA physical resources while keeping the reliability at the required level. 
Preliminary LLS results on reliability comparison
In this section, we will have some preliminary LLS evaluation to show the reliability performance of grant-free non-orthogonal MA for URLLC transmission. 
Three MA schemes are considered for comparison, i.e., grant-based OFDMA, grant-free OFDMA and grant-free SCMA, which are elaborated in Table 1. Moreover, in order to have fair comparison, the following assumptions are important when comparing different schemes. 
· Per UE target spectral efficiency (SE) the same  
· Total served number of  UEs the same
· Per UE average power the same
· Total shared  time/frequency/spatial resource the same
Figure 1 presents the LLS reliability performance in terms of BLER versus per UE SNR for grant-based OFDMA and grant-free OFDMA. Here per UE SNR is defined as the ratio of the received power per UE over the total noise power. From the figure, given per UE SNR the same, the performance of grant-based OFDMA degrades with increasing number of UEs due to the fact that the more users added, the less resource orthogonally used by one user and thus higher MCS needs to be applied for the transmission with the same delay budget. 

Table 1: LLS evaluation baselines and proposed schemes
	Scheme
	Resource allocation and transmission
	Example illustration of resource allocation

	Baseline 1
Grant-based OFDMA
	· Each user uses equal portion of the total allocated BW and applies the same MCS (fast AMC may not be possible for very small packets)
· Different users orthogonally share the total BW
· Adding users means reducing the size of resource unit
· Single-user MMSE receiver is assumed
	

	Baseline 2
Grant-free OFDMA
	· Each user uses one physical resource unit (e.g, 1/2 or 1/4 or the total allocated bandwidth) and applies the MCS
· When transmitting, each user randomly select a resource unit to transmit
· MMSE-SIC receiver is assumed
	

	Proposed
Grant-free SCMA 
	· Each user use the total allocated physical resource
· When transmitting, each user randomly select a MA signature to transmit
· SIC-MPA receiver is assumed
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Figure 1 Preliminary LLS results of reliability in BLER versus per UE SNR for both ICE & RCE.
Table 2 summarized the SNR gain grant-free OFDMA has over the grant-based OFDMA.
Observation 3: Grant-free OFDMA can meet the required reliability requirement with certain level of MA resource collision and can outperform grant-based OFDMA with increased number of UEs.

Table 2: SNR gain of grant-free OFDMA over granted OFDMA at required reliability 1-10^-5 with Ideal Channel Estimation (ICE) and Realistic Channel Estimation (RCE)
	SNR Gain of Grant-free OFDMA over Grant-based OFDMA @10-5 BLER

	　
	ICE
	RCE

	2UE
	0.1dB
	0.2dB

	4UE
	2.85dB
	1.9dB


Figure 2 presents the LLS reliability performance in terms of BLER versus per UE SNR for grant-free OFDMA and grant-free SCMA with ideal channel estimation. From the figure, we can observe that the proposed grant-free SCMA scheme has obvious gain over grant-free OFDMA in all conditions evaluated (i.e., 2, 4, 6 UEs). This is because better diversity (sharper water fall) can be obtained by grant-free SCMA than grant-free OFDMA, as well as some coding gain from the new codebook designed in SCMA. Table 3 summarized the SNR gain grant-free SCMA has over the grant-free OFDMA.
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Figure 2 Preliminary LLS results of reliability in BLER versus per UE SNR under ICE.
Table 3 SNR gain of grant-free SCMA over grant-free OFDMA at required reliability 1-10^-5
	SNR Gain of Grant-free SCMA over Grant-free OFDMA @10-5 BLER

	2UE
	3.0 dB

	4UE
	2.9 dB

	6UE
	2.9 dB

	8UE
	2.7 dB


[bookmark: _GoBack]Observation 4: Grant-free SCMA can have larger SNR gain over grant-free OFDMA, and thus having even lower BLER for given SNR.
As a summary, based on the discussion and the preliminary LLS verification, we have 
Proposal 1: NR should have sufficient study of grant-free non-orthogonal MA for URLLC.
Discussion on system design
The current discussion on grant-free non-orthogonal MA design is mostly UL mMTC oriented. Though many common features can be shared, the big difference in service requirement and UE behavior may lead to different design focus for URLLC scenario. 
· Firstly, the applications are mostly inter-active control and report operations with high accuracy and latency requirement, which demands the UEs to be in comparatively more connected state to guarantee higher reliability, e.g., connected state or “new state” [8, 9], and the UEs will most likely remain in such state without going to sleep mode until the whole period of URLLC traffic is completed. 
· Secondly, the number of UEs in URLLC is smaller and they are most likely to be in better coverage and thus the design will not be coverage oriented.
· Thirdly, the maximum number of repetition/retransmission in URLLC mainly depends on the latency requirement and frame structure design. 
Based on the above facts, the design of grant-free non-orthogonal MA in URLLC case can be simplified in the following aspects.
· Synchronization is not a problem in URLLC (for both connected and “new state”).
· PAPR is not the main issue for URLLC UEs and the design will not be deep coverage oriented.
· UE activity detection [10] may not a problem in URLLC and there is most likely no RS collision.
· Very limited number of HARQ/repetition could be considered for reliability enhancement.
Based on the analysis above, we have the following observation. 
Observation 5: The grant-free non-orthogonal MA design in URLLC could be simplified compared with that of mMTC especially in terms of synchronization, coverage, and MA signature collision. 

Conclusion
In this contribution, we discussed about the design and application of grant-free non-orthogonal MA in UL URLLC scenario. The following observations are derived during discussion.
Observation 1: For URLLC traffic with Poisson type of sporadic features, collision in MA physical resources is hard to avoid in grant-free transmission.. 
Observation 2: For UL grant-free, non-orthogonal MA is a good solution to solve the collision in MA physical resources while keeping the reliability at the required level. 
Observation 3: Grant-free OFDMA can meet the required reliability requirement with certain level of MA resource collision and can outperform grant-based OFDMA with increased number of UEs.
Observation 4: Grant-free SCMA can have larger SNR gain over grant-free OFDMA, and thus having even lower BLER for given SNR.
Observation 5: The grant-free non-orthogonal MA design in URLLC could be simplified than that of mMTC especially in terms of synchronization, coverage, and MA signature collision. 
Based on the observations and our preliminary LLS results, we have the following proposals. 
Proposal 1: NR should have sufficient study of grant-free non-orthogonal MA for URLLC.
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Appendix
Table A-1: Simulation parameters used in LLS evaluation.
	Attributes
	Values or assumptions(Agreed in R1-168371)
	Selected 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 
	Grant-based OFDMA: QPSK, 16QAM, Turbo
Grant-free OFDMA: QPSK Turbo
SCMA: 8p codebook, Turbo 

	User bandwidth 
	Companies report 12RB 
	4/8 RB in total
2/4 RB groups for Grant-free OFDMA, each with 2RB

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

	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 
	0.125ms per slot, 2 slots/TTI

	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, Realistic

	CQI feedback assumption 
	Companies report the feedback scheme if any 
	/ 



Table A-2(a): MCS table for different schemes to transmit 32 bytes with different number of UEs (4RB).
	Number of UEs
	Grant-based OFDMA
	Grant-free OFDMA

	2
	QPSK, CR = 0.444
	QPSK, CR = 0.444

	4
	16QAM, CR = 0.444
	QPSK, CR = 0.444



Table A-2(b): MCS table for different schemes to transmit 32 bytes with different number of UEs (8RB).
	Number of UEs
	Grant-free OFDMA
	Grant-free SCMA

	2
	QPSK, CR = 0.444
	8p, CR = 0.296

	4
	QPSK, CR = 0.444
	8p, CR = 0.296

	6
	QPSK, CR = 0.444
	8p, CR = 0.296

	8
	QPSK, CR = 0.444
	8p, CR = 0.296



Table A-3: Technical difference between grant-free non-orthogonal MA design for URLLC and mMTC.
	Application scenarios
	UL URLLC
	UL mMTC

	Motivation of grant-free non-orthogonal MA
	· Low latency 
· Robust to MA physical resource collision, efficient reserve/use of physical resource for Poisson type of traffic 
	· Low signaling overhead
· Overloading capability, to accommodate massive devices with Poisson type of traffic within limited resources

	Potential UE behaviors
	· Most likely starts in more connected state to guarantee reliability, e.g., connected state or “new” state [8, 9]
· Remain in the same state as transmission during the whole URLLC service period
· UE energy consumption and coverage are not critical issues
· Expected to have low to medium SE per UE, and medium number of UEs
	· Most likely starts in less connected state to save energy, e.g., idle state or “new” state [8, 9]
· Go back to sleep mode after one transmission and a timer
· UE energy consumption and coverage are critical issues
· Expected to have low to medium SE per UE, and very large number of UEs

	UL Synchronization
	· UL synchronization is maintained
	· UL synchronization can be maintained, and unsynchronized transmission is in theory possible

	UE detection [10]
	· DMRS for activity detection
· DMRS collision not allowed
	· DMRS for activity detection 
· DMRS collision possible

	Resource management [11]
(definition, allocation, selection)
	· MA resource = MA physical resource + MA signature
· MA physical resource may take larger bandwidth but less time to reduce latency
· Option 1: random selection from pre-defined pool 
· Option 2: pre-configured by eNB or pre-determined 
	· MA resource = MA physical resource + MA signature 
· MA resource may take longer time but smaller bandwidth to enhance coverage
· Option 1: random selection from pre-defined pool 
· Option 2: pre-configured by eNB or pre-determined 

	Collision management [4]
	· MA signature design and randomization
· UE re-grouping / resource re-mapping
· Hybrid grant-based and grant-free 
	· MA signature design and randomization
· UE re-grouping / resource re-mapping
· Hybrid grant-based and grant-free

	Reliability enhancement [5, 12]
	· Spatial diversity 
· HARQ/repetition/TTI bundling
· Number of HARQ/repetition/TTI bundling constrained by latency
	· Spatial diversity 
· HARQ/repetition/TTI bundling
· Number of HARQ/repetition/TTI bundling constrained by energy
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