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Discussion and Decision
1
Introduction
In RAN1#86 meeting, it was agreed that for URLLC,
· 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

Grant-free was agreed to be considered for UL transmission for URLLC at least for short transmission. In this contribution, we discuss the conditions of grant-free to grant-based switching for URLLC.
2
Discussion 
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Fig.1 Grant-free basic transmission procedure
As was proposed in [1], the grant-free basic transmission procedure contains a preamble signal and a data signal that are transmitted from UE, followed by a response transmitted from TRP. Fig.1 illustrates this procedure. In some scenarios, it may be necessary for the UE to switch from grant-free transmission to grant-based transmission, e.g. for re-transmission, or for large payload size. The grant-free to grant-based switching for URLLC discussed in this section is based on the proposed basic procedure. 
2.1


Timely switching for re-transmission 
In one scenario, if TRP correctly detects the preamble but does not detect the data payload because of a collision, or because of a very poor channel quality, the transmission can be switched to grant based, and UE needs to listen to a UL scheduling grant to retransmit the data payload. This is especially feasible when a preamble is uniquely configured to each URLLC UE [1], where there is no preamble collision between UEs. In this case, the preamble could be used as

· a scheduling request;
· reference signal, for TRP to estimate the UL channel. Based on that, TRP could select an appropriate MCS to schedule the retransmission. 
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Fig.2 Grant-based retransmission for URLLC 
Fig.2 illustrates the process. Since the retransmission is based on scheduling without any collision, the procedure achieves low latency and high reliability for URLLC, compared with using grant-free for retransmission. 

When preamble is not uniquely configured and/or the latency requirement for certain URLLC services is not that stringent, using of grant-free for retransmission could be used [2]. 
Proposal 1: When preamble is uniquely configured to a UE, TRP can send an UL grant to UE to schedule a grant-based retransmission for URLLC, if preamble is detected but data block detection fails during the initial grant-free transmission. 
2.2


Timely switching based on payload size 
In general, the grant-free based transmission is more efficient for small packet UL transmission for URLLC in terms of lower latency and lower overhead. While for medium to large packets, due to limited flexibility in terms of link adaptation and power control for grant-free, it might result in higher latency to fully use grant-free for transmitting such kind of packets. In practice, the incoming packet size for URLLC might be variable due to different traffic types. Therefore, efficient mode switching from grant-free to grant based is needed to adaptively meet the requirement of different incoming packet size. 

It should be noted the packet size here is a relative value and should be compared with the amount of bits that can be transmitted in the configured resource, which is determined by the resource size and the configured MCS . An incoming packet is transmitted using one-shot transmission if the packet size is equal to or less than the number of bits that could be accommodated by the allocated grant-free resource, otherwise, which might be more typical, one-shot transmission is not enough to transmit the incoming packet. 
In this case, the mode switching needs to be considered. As one simple and straightforward way, we can confine that the UE can use grant-free only once regardless of incoming packet size. That is to say if an incoming packet cannot be transmitted using one-shot, UE needs to be turned to schedule based transmission. The disadvantage of this way is comparatively more latency, since after one-short grant-free transmission, UE at least needs to wait the TRP response before any following transmission.  
In order to further reduce the latency, it is proposed to allow TRP to configure a number of opportunities (i.e., a number of transport blocks) that can be transmitted using grant-free for the incoming packet. If the incoming packet cannot be finished in these opportunities, UE turns to grant-based for transmitting the remaining payload bits.. 
Fig.3 illustrates one example, where in subframe #k, an incoming packet is short enough and is transmitted using one-shot grant-free transmission. While for another packet transmitted from subframe #n, UE uses grant-free to transmit the first 3 transport blocks and then turn to grant based transmission. 
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Fig.3 One-shot and multi-shot transmission of an incoming packet
In case of mode switching, UE needs to transmit buffer status report (BSR) to TRP. The BSR can be transmitted in multiple transport blocks in order to have reliable detection performance. 
Proposal 2: TRP can configure a number of opportunities for grant-free transmission. If the incoming packet cannot be finished in these opportunities, UE turns to grant-based for transmitting the remaining payload bits.
3
Conclusion 

We have following proposals for Grant-free to grant-based switching for URLLC,
Proposal 1: When preamble is uniquely configured to a UE, TRP can send an UL grant to UE to schedule a grant-based retransmission for URLLC, if preamble is detected but data block detection fails during the initial grant-free transmission. 
Proposal 2: TRP can configure a number of opportunities for grant-free transmission. If the incoming packet cannot be finished in these opportunities, UE turns to grant-based for transmitting the remaining payload bits.
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