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Discussion and decision
1 Introduction
In RAN1 #95, the following agreements were made to support multiple active configured grant configurations for a BWP and not allowed to cross the slot boundary for UL configured grant: 
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In addition, it was agreed to further study the miss detection rate for gNB: 

	Agreements:

· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant

· Study how to resolve gNB’s missed detection if it is an issue 

· Study should take at least following into account:

· Companies report the false alarm target 

· Companies report the DMRS configuration assumptions

· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered


In RAN1 #94b, the following agreements were made: 
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In addition, for PUSCH scheduled by dynamic grant, the following agreements were agreed in RAN 1 #95:
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This contribution considers enhancements to UL grant-free transmission. 
2 Multiple active configured grants in a BWP

It was agreed to support multiple activated configured grants in a BWP least for different services/traffic types and/or for enhancing reliability and reducing latency. In order to reduce latency (i.e., time for frame alignment), different configured grants can be configured with different time domain offsets (i.e., different starting slot/symbol), which can provide more flexible starting time. For example, shown as Figure 1, the starting position between two configurations has an offset. If the UL data arrived after the staring position of Configuration #0, UE can start uplink transmission at the transmission occasion according to Configuration #1. Compared with only have one configuration for configured grant, the waiting time can be reduced even restricting the uplink transmission only starts at the first transmission occasion of each configuration. 
Proposal #1: For Type 1 grant free, different starting offset can be configured for multiple active configured grants in a BWP.  

For Type 2 grant free, there are two options for activation and deactivation DCI: 

· Option 1: one DCI to activate or deactivate multiple Type 2 configured grant configurations

· Option 2: separate DCI to activate or deactivate multiple Type 2 configured grant configurations

Considering from the resource utilization and reliability perspective, it is better to have a single DCI to active multiple configuration. However, if the parameters are not the same, e.g., TBS/MCS, the DCI size for activation might be quite large, which has negative impact on reliability. Moreover, in order to support multiple activated configured grants for different services/traffic types, it is better to support separated DCIs for activation/deactivation to provide more flexibility for different TBS/MCS. On the other hand, separate DCIs can provide more flexibility. And the payload of DCI for activation/deactivation can be the same as existing one or the compact one (if introduced).  Therefore, separate DCI for activation/deactivation can be considered as a starting point for Type 2 grant free. UE can determinate the starting position of UL resource based on the activation DCI as Rel-15. gNB can active multiple configured grants with different starting position for each configuration by changing the time location of resource allocation and/or the location for activation DCI transmission.  
Proposal #2: Separate DCIs for activation/deactivation can be considered as a baseline for Type 2 grant free to support multiple active configured grants in a BWP. 
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Figure 1 
Similar as SPS design in LTE HRLLC, one or more HARQ process ID can be configured in each configuration with separate DMRS configuration. If different SPS configurations share the same time-frequency resource, eNB can determine SPS configuration based on different DMRS, so that, derive the associated HARQ process ID(s). In NR, similar method can be used. For UL grant free in NR, antenna port is configured by RRC signalling for Type 1 grant free and indicated in DCI for Type 2 grant free. gNB can configure different antenna port for each configuration if they share the same time-frequency resource. Similarly, gNB can determinate on which configuration of the received UL transmission based on time-frequency resource and antenna port, then determinate the associated HARQ process ID(s). 

Proposal #3: For multiple configured grants in a BWP, different time/frequency resource and antenna port can be used to determine HARQ process ID. 
3 Repetition/Transmission across the boundary of a period P 
As discussed in previous section, multiple active configurations in a BWP can ensure K repetitions without increasing latency, with time offset between configurations. In order to ensure K repetitions, uplink transmission can start from first transmission occasion in each configuration. In this case, there is no need to cross the boundary of a period P, and different time-frequency resource or different antenna port can be used by gNB to derive HARQ process ID based for the configuration. 

If multiple configurations are supported, there is no need to further support repetition across the boundary of a period P, which is less flexible but more complicated. 

In addition, switching grant free to grant based transmission is already been supported by Rel-15 NR. If gNB detects a UL grant free transmission, gNB can always provide a grant to schedule a new transmission or retransmission for that HARQ process. 
Proposal #4:  Repetitions across the boundary of a period P is not supported. 
4 Mini-slot repetition for configured grant
For dynamic scheduled PUSCH, it was agreed to supported at least one of three methods to improve the latency and reliability of PUSCH. As discussed in [1], mini-slot repetition within one slot and allow to have possible different starting symbols and/or durations are preferred. Same method can apply for configured grant in order to strive for common design for both grant and configured grant based PUSCH.  
Proposal #5: Apply the same method as for grant based PUSCH:

· Support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations.
For grant free transmission, each UE can be configured with different resource allocation and different frequency hopping offset, there is no motivation to further randomize interference. In addition, different UE may have different traffic or channel condition, and requires different periodicity or different resource allocation/repetition. The benefit of interference randomization in frequency domain, e.g., UE-specific frequency hopping, is not clear.  On the other hand, it may increase scheduling complexity for gNB. In addition, it is preferred to have same frequency hopping mechanism as for grant based PUSCH. As discussed in [1], mini-slot based frequency hopping with two hops is also preferred for grant free transmission.  
Proposal #6: For mini-slot level repetition, consider to support mini-slot based frequency hopping with two hops as a baseline.
In Rel-15 NR, PUSCH can only transmitted on the slot if semi-static DL/UL assignment configuration of a slot has no direction confliction with scheduled PUSCH assigned symbols. As long as there is one symbol collided with the semi-static direction, the PUSCH transmission in that slot is cancelled. Moreover, dynamic SFI can cancel the transmission of UL grant free (except the first transmission for Type grant free). 
If mini-slot repetition is supported, there is no need to cancel the transmission of the whole slot. If there is direction confliction with semi-static direction, the corresponding mini-slot transmission can be postponed or cancelled. In order to ensure K repetition, postpone more preferred for URLLC traffic if the configured grant has confliction with semi-static direction or cancelled by dynamic SFI. 

Proposal #7:  If mini-slot repetitions within one slot are supported, mini-slot transmission can be postponed if the configured grant has confliction with semi-static direction or cancelled by dynamic SFI.
5 HARQ-ACK mechanism
In Rel-15, a UE assumes ACK either when it receives an UL grant with NDI toggle or when the timer expires. However, if the UE misses reception of a NACK in an UL grant, the UE will assume ACK and flush the buffer after the timer expires. In the same time, the gNB expects a PUSCH retransmission on the configured grant, and gNB can know that the UE missed the detection of NACK since there is no retransmission on the configured grant. In this case, gNB can transmit another UL grant to trigger another retransmission. As long as the timer is long enough, UE will not flush the buffer of that HARQ process. 

On the other hand, if the UE misses reception of ACK, UE will wait until the timer expires to reuse the resource for the corresponding HARQ process. With configuration of multiple HARQ processes, especially if multiple configured grant in a BWP is supported, missing ACKs is not expected to increase latency. 

Rel-15 HARQ-ACK mechanism seems has no problem for latency or reliability with a proper timer setting for UL grant free transmission.

Proposal #8: Unless there is serious reliability or latency issue with existing HARQ-ACK mechanism, explicit HARQ-ACK is not supported in Rel-16. 
6 Conclusions
In this contribution, potential enhancements of UL grant-free are discussed and following proposals were made based on the observations:
Proposal #1: For Type 1 grant free, different starting offset can be configured for multiple active  configured grants in a BWP.  

Proposal #2: Separate DCI for activation/deactivation can be considered as a baseline for Type 2 grant free to support multiple active configured grants in a BWP. 
Proposal #3: For multiple configured grants in a BWP, different time/frequency resource and antenna port can be used to determine HARQ process ID. 

Proposal #4:  Repetitions across the boundary of a period P is not supported. 

Proposal #5: Apply the same method as for grant based PUSCH:

· Support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations.
Proposal #6: For mini-slot level repetition, consider to support mini-slot based frequency hopping with two hops as a baseline.
Proposal #7:  If mini-slot repetitions within one slot are supported, mini-slot transmission can be postponed if the configured grant has confliction with semi-static direction or cancelled by dynamic SFI.
Proposal #8: Unless there is serious reliability or latency issue with existing HARQ-ACK mechanism, explicit HARQ-ACK is not supported in Rel-16. 
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Agreements:


Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 


FFS details


Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing


Agreements:


One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant 





Agreements:


To study further from at least the following:


Option 1: multiple active configured grant configurations for a BWP of a serving cell


Option 2: repetition(s) across the boundary of a period P


Option 3: one transmission cross boundary of a period P 


FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions 


Note: Switch grant free to grant based retransmission which is available in Rel.15





Agreements:


Support at least one of the following for one TB:


One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots


One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations


N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.


FFS the definition of available slots
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