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1 Introduction

It was agreed in RAN1#86 meeting that grant-free transmission is considered for URLLC traffic and the below agreements and observations were reached in [1].
Observations:
· At least followings are potentially identified as mean to realize the short processing delay and RAN1 will continue to study it

· Frequency-first and time-second mapping

· Code block segmentation that facilitates symbol-by-symbol processing

· Reduce symbol durations

· DL assignment and UL grant before and/or at the beginning of its scheduled data duration

· TBS restriction

· Timing advanced restriction

· Channel coding

· Front loaded RS mapping for control channel

· Grant free transmission

Agreements:
· 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

Agreement:
· 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

Agreements:
· Continue study at least the following: 

· Handling of  potential collisions of MA signatures

· Retransmission/repetition and potential combining, e.g. HARQ

· Potential link adaptation, e.g. MCS/signature re-assigning

· Relationship between grant-free and grant-based transmissions and associated UE behavior

· Advanced receiver capabilities including complexity analysis

Agreements:
· 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

· Details on MA physical resource and MA signature resource FFS 
Besides, in RAN1#86bis meeting, the below agreements on URLLC are reached.
Agreements:
· Consider further the tradeoffs for meeting URLLC requirements for the following.

· 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
Based on the agreement above for grant-free based transmission and URLLC, this contribution continues with further design considerations on grant-free based transmission for URLLC and give a solution for reduce the collision probability of URLLC resource. Besides, the ACK/NACK feedback in cooperating grant-free scheme, and the subsequent retransmission are also discussed.
2 Discussion on grant-free transmission
On grant-free based transmission for URLLC, the resource utilization can be separated from grant-based transmission. In this case, for grant-free UE, because of non-centralized scheduling, the access resource is uncertain. Therefore, if more than one UE randomly select the same access resource for the uplink transmission and use the same signature，such as code, sequence, or demodulation reference signal, collision will occur, as illustrated in Figure 1. As a result, the data of multiple users will be overlap together and the receiver would have difficulty to recognize the transmission data and then retransmission would be introduced. 
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Figure 1: Grant-free transmission of two UEs.
In order to evaluate the effect of resource collision for grant free transmission, link level simulations are performed for OFDMA based transmission. In this simulation, several cases are evaluated as list in Table 1 and the simulation results are presented in Figure 2.Other simulation assumptions are listed in Annex.
Table 1 Simulation cases

	
	UEs/Resource 
	Receiver type

	Case 1
	1
	MMSE

	Case 2-1
	2
	MMSE

	Case 2-2
	2
	MMSE-SIC

	Case 3-1
	3
	MMSE

	Case 3-2
	3
	MMSE-SIC
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Figure 2 Simulation results for grant-free OFDMA

From the simulation results, it is observed that

· The performance with resource collision degrades significantly if no advanced receiver (SIC receiver) is applied.

· The performance with advanced receiver is similar to that of without collision, which may meet the requirement of URLLC at reasonable SNR region.

Proposal 1: Advanced receiver should be applied for OFDMA based grant free transmission.
Note that although the performance with advanced receiver may satisfy the ultra reliability requirement of URLLC, the processing complexity should not be ignored. Considering the latency requirement for URLLC is very stringent, whether the SIC processing can be finished within such limited time is still FFS. Thus, other solutions to alleviate the effect of collision can also be considered. For example, non-orthogonal MA with low cross-correlation spreading is also a promising candidate. When spreading is applied, simple receiver implementation may satisfy the requirement of URLLC.

Proposal 2: Both OFDMA and non-orthogonal MA with low cross-correlation should be considered for grant-free transmission in ULRRC.

3 Discussion on URLLC multiplexed with eMBB
3.1 Motivation 
When the resource for URLLC is multiplexed with eMBB, the resource for URLLC is semi-static or dynamic indication. However, for grant-free UL transmission for URLLC UE, the gNB does not know when the UE to transmit the data. If the eMBB UE always reserve the resource for URLLC, then the resource may be waste if no URLLC data to transmit and the performance of the eMBB are affected. Otherwise, if one UE send URLLC data in some physical resource and another UE also transmit eMBB data at the same resource, then the data will be overlapped and the reliability of URLLC will also be affected as illustrated in Figure 3.
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Figure 3: Example of superposition transmission for multiplexing eMBB and URLLC.

3.2 Sensing based schemeA method to reduce the collision probability and/or reduce the eMBB resource waste can be considered.
The frame structure of sensing based grant-free transmission is illustrated in Figure 4.  At the beginning of the subframe or slot, a Gap or time interval can be configured for the UE to do sensing. The sensing procedure includes detection energy and/or recognizes the reservation signal. The gap length can be related to the QoS or priority of the traffic. The higher-priority traffic is with the shorter gap than that for low-priority traffic. 
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Figure 4: Frame structure of sensing based grant-free transmission

The procedure of grant-free transmission based on sensing can be seen below.
After UE choose an access resource from a pool, the UE should sense the channel before transmission data. According to the sensing results, the UE determine whether or not to transmit or adjust the transmission. If the UE recognizes that the channel energy is lower than a pre-defined threshold or no RS is sensed, then this UE can: directly transmit data, or, transmit data after a reservation signal.
The reservation signal can be a preamble or RS, which can be combined with a signature, such as a power, code, codebook, sequence, frequency hopping pattern or interleaver and so on. 
Otherwise, if the channel is busy, then UE can further detect and recognize the reservation signal and select a different signature, such as a different power, or different codebook/codeword, or different sequence, or different interleaver and/or mapping pattern, or different demodulation reference signal, and data transmitted in the same time and frequency resource. 
Or if the UE sense the channel busy, the UE can directly adjust the transmission in a lower power and still send data in the same resource. Or the UE can transfer the data to other physical resource.
Through this method, the interference from other source can be reduced and the reliable performance of data transmission can be achieved. For the case of resource sharing between URLLC and eMBB, if the eMBB UE performs sensing before sending data, then the interference to other URLLC UE transmission of the same time and frequency resource is avoided.  And the resource wasted problem can be resolved. For example, if the eMBB UE sense the resource configured for URLLC is busy, it should puncture the mapped data. Otherwise if the eMBB UE senses the resource idle, it can send data in this resource and not puncture the eMBB data.
Besides, the sensing interval for each UE can be configured both for licensed, unlicensed and shared spectrum scenarios. 
Meanwhile, for support of multiple user access for UL grant-free transmission for URLLC, the method mentioned in LTE eLAA discussion of UL multiplexing, such as using reservation signal or using muting pattern can be considered to use. In addition, multiplexing among UEs of the same cell can be realized by different signature.
Proposal 3: A sensing scheme can be considered to reduce resource waste for grant-free URLLC transmission multiplexed with eMBB.
4 HARQ for grant-free transmission
If a packet of a user fails in an initial transmission, one or more retransmissions may be needed. The HARQ scheme including ACK/NACK feedback and retransmission needs to be considered for URLLC.
For grant-free uplink transmissions, the user will expect to get the gNB to further response at the n-th time unit after its packet transmission. If the gNB does not detect the data correctly, it should tell the user the subsequent retransmissions. Two options can be considered for retransmission.
Option 1: The retransmissions could be grant-based transmission through gNB scheduling.
Through gNB scheduling, the dedicated resource can be allocated for the retransmission of the grant-free user while providing the benefits of more reliable transmissions. Also, the grant-based resource can be separately from the grant-less resource. For URLLC UE, the UL assignment and corresponding uplink data transmission should be in the same slot or mini-slot.
In this case, for dynamic TDD, the nearby cell DL-to-UL interference problem should be considered.  The sensing scheme mentioned in section 3 can also be applied to help solve this problem. 
Option 2: Retransmission still remains grant-free. 
To avoid possible signal collision again with other users, the random backoff mechanism can be considered for grant-free retransmission. At the same time, each backoff time can be nth OFDM symbols for URLLC UE to meet the delay requirement. Figure 5 illustrates the case where a user can choose a different back-off time for each retransmission. Meanwhile, the frequency position can also be changed each retransmission. In addition, UE autonomous repetitions transmit of the data packet in UL until reception of an ACK. All of those should ensure the time-window for from initial transmission to last one to be been less than 1ms to meet the delay requirement for URLLC.
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Figure 5: Grant-free data transmission for URLLC
Proposal 4: Grant-free retransmissions or grant-based retransmissions can be supported for uplink grant-free transmissions for URLLC.
5 Conclusion
In this contribution, different design aspect of grant-free transmission for URLLC is discussed. The main proposals are summarized as follows.
Proposal 1: Advanced receiver should be applied for OFDMA based grant free transmission.

Proposal 2: Both OFDMA and non-orthogonal MA with low cross-correlation should be considered for grant-free transmission in ULRRC.

Proposal 3: A sensing scheme can be considered to reduce resource waste for grant-free URLLC transmission multiplexed with eMBB.

Proposal 4: Grant-free retransmissions or grant-based retransmissions can be supported for uplink grant-free transmissions for URLLC.
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Table A1 Simulation assumptions
	Attributes 
	Values or assumptions 

	Carrier Frequency 
	4GHz

	User bandwidth 
	2RB

	SC per RB
	12

	PHY Packet size 
	32 Bytes (including 24bit CRC)

	Modulation and coding rate 
	QPSK,

	Code rate
	0.44 (256/(288*2))

	SINR range 
	See in the simulation Table 3 

	Sub-carrier spacing 
	60 kHz

	TTI length 
	0.25 ms

	OFDM symbols per TTI 
	14

	OFDM symbols for data
	12

	Channel model 
	TDL-A, 3km/h

	BS antenna configuration 
	1Tx

	UE antenna elements 
	4Rx

	HARQ
	No

	Channel estimation 
	Ideal 

	Receiver
	MMSE

MMSE-SIC is applied for collision cases

	CQI feedback assumption 
	No


� Here per UE SNR is defined as the ratio of the received power per UE over the noise power within the transmission bandwidth (2 RBs).
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