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1 Introduction

It was agreed in RAN1#87 meeting that grant-free transmission is supported for URLLC traffic [1].
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design

During the offline discussion, several options for resource configuration were proposed. 
Possible agreements:

· For UL URLLC

· For physical resource determination
· Opt. 1: randomly selected by each UE from the pre-defined resource pool(s)

· Opt. 2: pre-configured by base station
· Opt. 3: based on carrier sensing by UE 

· Other options are not precluded

· Combination of different options is not precluded

· Companies are encouraged to propose specific mechanism and evaluation to solve resource collision, e.g. Interference cancellation, HARQ

As specified in [2] that URLLC requires a very high reliability of 99.999% in a very short latency of 1 ms. In this contribution, our considerations for resource configuration are discussed for UL URLLC. 
2 Pre-configured Resources for URLLC
As discussed in our company contribution [3], a very low channel coding rate together with discontinuous RB scheduling could be used to achieve the target reliability. On another side, resources could be pre-configured to achieve the target latency. Resource could be pre-configured either to a group of UEs or each specific UE (Opt. 2) and when the resource is shared by more than one UE, UEs can access the resource with either random selection (Opt. 1) or sensing based selection (Opt. 3). For either option, the resources must be pre-configured in a very frequent manner especially for sporadic URLLC accesses otherwise the big intervals between adjacent resources may cause the overall latency exceed the target. 
Observation 1: Wide band resources could be pre-configured for URLLC UEs in a very frequent manner to achieve the target reliability in the given latency budget. 
As a summary, an amount of resources are pre-configured but most of them may not be used due to the nature of sporadic transmission of URLLC services. It is essential to design the resource determination with the amount of pre-configured resource minimized. 
Sensing based resource selection can help to reduce the collision probability. Assuming a collision happens between two URLLC UEs, it is quite possible that both UEs’ packets cannot be decoded correctly but if one UE can detect the existence of another UE and abandon its transmission, and in that case, at least one UE’s packet can be decoded successfully. When the probability of collision is reduced by half, the amount of pre-configured resources can be reduced by half too. 
The detection can be done based on the preamble of the URLLC burst. Since grant-free transmission is agreed, it is assumed that a robust preamble needs to be transmitted at the beginning of the burst for both UL synchronization and channel estimation purposes and it may be followed by some small signaling fields such as UE ID, redundancy version and/or SR (the URLLC UE may want dedicated resources). 

A simplified example in given in Figure 1, UE1 is indicated by the gNB to start transmission without any delay while UE2 is indicated to do the preamble detection so UE2 can only start transmission when the channel is sensed free. It is possible to multiplex UE1 and UE2 on the same resource especially when they have different transmission probabilities. In this example, UE1 has a small transmission probability in each subframe (0.25 ms with 60 KHz SCS) and UE2 has a relatively much bigger transmission probability. UE2 gives the transmission chance to UE1 when UE1’s preamble is detected so for UE1, collision never happens and for UE2, a very small percentage of packets are delayed by one interval of the pre-configured resources. 
With this sensing based resource selection, it is possible to multiplex multiple UEs on the same resource and keep the collision probability at a lower level. In the case of a bigger resource pool with more UEs, the same principle can be reused and the gNB can decide to let which UEs to share the resources with others by finishing the preamble detection. 
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Figure 1 an example of Preamble detection
One concern could be that UE2 may not be able to detect the preamble of UE1 and if that happens, the gNB can still receive the preamble of UE1 and may indicate a dedicated resource to UE1 for a retransmission and meanwhile, the gNB can even break the multiplexing of UE1 and UE2 by a reconfigure procedure. But to make this option possible, the preamble detection probability cannot be too low. 
Proposal 1: it is proposed to support resource determination based on carrier sensing and it is gNB configurable if URLLC UEs need to do preamble detection or not.  
3 Considerations for Preamble Detection
To enable the HARQ retransmission, it is expected that the preamble together with the small signaling fields is more robust than the following data so when the data part is not incorrectly received, soft samples of different retransmissions can still be combined and redundancy version needs to be signaled. The preamble is expected to have a very high detection probability at the gNB.  According to the trade-off between the detection probability and the false alarm, the false alarm may have a relatively high probability. 

Since the URLLC signaling is so small, it is assumed that no CRC protection is used. Once a false alarm happens, it may cause an unnecessary scheduling of dedicated resources to the URLLC UE and reduce the spectrum efficiency. When HARQ combining of different transmissions is used, a false alarm may introduce pure noise samples to the increased redundancy combining and degrade the overall link performance. 
To reduce the false alarm probability, it is important for the preambles to appear only at fixed positions. 
Proposal 2: it is proposed for the URLCC UL transmission synchronized to either symbol boundary or slot boundary according to DL synchronization.
To support the HARQ retransmission, a quick Ack/Nack is expected within URLLC’s latency requirement of 1 ms and the key concern is that the gNB may not have enough processing time to produce the Ack/Nack signaling in a very short time. It is proposed for the gNB to feedback the Ack/Nack based preamble detection results. When the preamble is detected but the detection result is below a pre-defined threshold, a Nack can be immediately indicated to the UE otherwise the Ack/Nack can be produced after the CRC check. With this proposal, the period for the gNB to receive the data part can be used by the processer to produce the DL Ack/Nack signaling. 
Proposal 3: it is proposed to feedback the Ack/Nack based on preamble detection results and further studies are required to evaluate the detection performance.
4 Considerations for Resource Multiplexing with eMBB
As discussed above, an amount of UL resources could be pre-configured to URLLC UEs while most of them may not be used for sporadic transmissions. While for DL, it is proposed by many companies that eMBB resources could be punctured when URLLC transmission occurs in the ongoing eMBB transmissions so there is no resource wasted in. It is proposed to study similar schemes for UL to reduce the resources wasted. 
If a pre-configured resource is not used (both preambles are not detected in Figure 1), an eMBB UE should be allowed to access the remaining resources. UL transmissions with small payload can be scheduled on resources pre-configured to URLLC UEs. When no preamble is detected, an eMBB UE can use the resources for UL transmission, e.g., PUCCH.
Once missed detection happens which results in collision between URLLC UE and eMBB UE, first the gNB can stop the eMBB UE’s further transmission on resources pre-configured to the URLLC UE and second the gNB may apply multi-UE detection to receive signals from both UEs. Note that it is assumed that grant based access is used by eMBB UEs. 
Proposal 4: it is proposed to share the pre-configured resources for URLLC UEs with eMBB UEs based on carrier sensing.
5 Conclusion
In this contribution, it is pointed out that an amount of resources may be pre-configured to URLLC UEs and it is proposed to use sensing based resource determination to improve the UL spectrum efficiency and it is further proposed to support the UL resource multiplexing between URLLC and eMBB UEs. 
Based on above discussion, we have the following observation and proposals: 
Observation 1: Wide band resources could be pre-configured for URLLC UEs in a very frequent manner to achieve the target reliability in the given latency budget. 
Proposal 1: it is proposed to support resource determination based on carrier sensing and it is gNB configurable if URLLC UEs need to do preamble detection or not.  
Proposal 2: it is proposed for the URLCC UL transmission synchronized to either symbol boundary or slot boundary according to DL synchronization.
Proposal 3: it is proposed to feedback the Ack/Nack based on preamble detection results and further studies are required to evaluate the detection performance.
Proposal 4: it is proposed to share the pre-configured resources for URLLC UEs with eMBB UEs based on carrier sensing.
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