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1 Introduction

It was agreed in RAN1#86 meeting that grant-free transmission is supported for UL mMTC and URLLC traffic and the below agreements were reached in [1].
Agreement:

· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC

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 
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

Based on the agreed characteristics above for grant-free based transmission, this contribution continues with further design considerations and give a solution for reduce the collision probability of MA resource. Besides, its corresponding ACK/NACK feedback, and the subsequent retransmission are also discussed.
2 Motivation 
For grant-free UE, because of non-centralized scheduling, the MA physical resource is uncertain. Therefore, if more than one UE randomly select the same MA physical resource for the uplink transmission and use the same MA 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 superimposed together and the receiver would have difficulty to recognize the transmission data and then retransmission would be introduced. For URLLC, the consequence is worse, respectively.
The impact of MA physical collision can be alleviated to some extent with well designed MA signature and multi-user receivers of non-orthogonal MA (NO-MA) schemes. However, the performance of power domain NO-MA usually relies on the power difference of multiple users. Furthermore, other non-orthogonal multiple access schemes performance is affected by the number of access UE. If the overload factor is high, the performance is worse. For example, it is possible that multiple users end up selecting the same spreading code sequences signature, then the performance of non-orthogonal MA is affected, especially for the mMTC scenario.
For the case of resource sharing between URLLC and eMBB, if one UE send URLLC data in some MA resource and another UE also transmit eMBB data at the same resource, then the reliability of URLLC will be affected.
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Figure 1: Grant-free transmission of two UEs.
3 Sensing based grant-free transmission
Based on the background listed above, a method to reduce the collision probability and/or restrict the number of the non-orthogonal MA users with high overload factors can be considered as followings.
The frame structure of sensing based grant-free transmission can be seen in Figure 2.  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, which is similar to LBT. The gap length can be related to the QoS or priority of the traffic. The higher-priority traffic is with the shorter gap compared with low-priority traffic. For example, for URLLC, the gap length may be a smaller value, such as 16us.
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 Figure 2: Frame structure of sensing based grant-free transmission 

The procedure of grant-free transmission based on sensing can be seen below.
After UE choose a MA resource from a pool, the UE should sense the channel before transmission data. According to the sense 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 one of the below options can be considered for this UE.
Option 1: data transmitted after a reservation signal.
The reservation signal can be a preamble or RS, which can be combined with a MA signature, such as a power, code, codebook, sequence, or interleaver and so on. 
Option 2: directly transmit data 
Otherwise, if the UE sense the channel busy, then it 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 transmitted data 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 MA resource. Or the UE can transfer the data to other MA physical resource.
Through this method, the interference from other source can be reduced and the reliable performance of data transmission can be achieved. Such as, for the case of resource sharing between URLLC and eMBB, if the eMBB UE do sensing before sending data, then the interference to other URLLC UE transmission of the same time and frequency resource is avoided. Besides, the sensing interval for each UE can be configured both for licensed, unlicensed and shared spectrum scenarios. Therefore, common design for licensed, unlicensed, and shared spectrum can be reached. 
Meanwhile, for support of multiple user access for UL grant-free transmission, 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 MA signature.
Proposal 1: A sensing scheme can be considered to reduce collisions of MA resource in the grant-free transmission.
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 need to be considered.
For grant-free uplink transmissions, the user will expect to get the eNB ACK/NACK feedback at the n-th time unit after its packet transmission. The feedback information can be carried on DL control channel or DL data channel.  To relive the blind detection complexity and in order for the user to figure out if its transmission packet has been decoded correctly or not at an eNB, the timing of uplink transmission and the ACK/NACK feedback can be fixed, such as +k time unit can be considered, or a feedback window can be configured. If the eNB 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 eNB scheduling.
Through eNB 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.
In this case, for dynamic TDD, the nearby cell DL-to-UL interference problem should be considered for reliable performance.  The sensing scheme mentioned in section 3 can also be applied to help solve this problem. 
Option 2: Asynchronous grant-free retransmission can be used. 
To avoid possible signal collision again with other users, the random backoff mechanism can be considered for grant-free retransmission. Figure 3 illustrates the case where the ACK/NACK timing is a fixed time point when a user expects to receive eNB ACK/NACK feedback. Each user can have different back-off time for each retransmission and each retransmission back-off time can be variable, leading to asynchronous HARQ retransmission timing.
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                                                        Figure 3: Grant-free data transmission
Proposal 2: Asynchronous grant-free retransmissions or grant-based retransmissions can be supported for uplink grant-free transmissions.

5 Conclusion
In this contribution, different design aspect of grant-free transmission is discussed. The main proposals are summarized as follows.
Proposal 1: A sensing scheme can be considered to reduce collisions of MA resource in the grant-free transmission.

Proposal 2: Asynchronous grant-free retransmissions or grant-based retransmissions can be supported for uplink grant-free transmissions.
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