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1	Introduction
In RAN#83 plenary meeting, the new work item Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) was approved [1]. The objective of this work item is to specify enhancements to URLLC (Ultra Reliable Low Latency Communications), considering both FR1 and FR2 as well as TDD and FDD. The objectives follow the recommendations of the study item on physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC), which are described in section 9.2 in TR 38.824. One section of the work item is on enhancement of configured grant for NR URLLC, i.e.,  
· [bookmark: OLE_LINK17][bookmark: OLE_LINK2]Specification of enhanced UL configured grant transmission [RAN1, RAN2]
· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Note: V2X use cases are also considered 

In this contribution, we provide our views for increasing reliability for configured grant.

[bookmark: _Ref178064866]2	Discussion
Configured grant is a key component in supporting URLLC traffic. The characteristics of URLLC traffic make dynamic grant unsuitable for several reasons:
· URLLC traffic is often based on periodic and predictable traffic patterns, for example when transmitting sensor measurements and/or actuator commands for factory automation or remote driving. In this case configured grants can be used instead of dynamic grants to decrease PDCCH usage, thus improving resource efficiency and reliability.
· For non-periodic traffic the stringent latency bounds often make SR based transmissions inefficient or impossible to use. In these cases, using configured grants can reduce the time between data arriving at the UE and PUSCH transmission.
In this section, we describe some methods to improve reliability or reduce alignment delay.
2.1	Repetition offset
In configured grant with K repetitions, the TBs are transmitted on the K consecutive transmission occasions (TO). Considering an example with RV sequence {0,0,0,0}, if a beginning of a transmission is delayed with j TOs, then the repetitions duration is shortened to K - j, and this may affect the reliability. To circumvent this situation, a repetition offset can be introduced, which defines the time gap between the period boundary and the possible first repetition.
An example is shown in Figure 1. The UL configured grant with repetition is configured with periodicity=10 slots, with K=4. The offset step size is 2 (slots). Due to starting occasion offset, the 4 possible TB transmissions start with slot 0, 2, 4, 6, respectively, counting from the start of the period. As illustrated, each possible transmission has the full amount of K slots in duration.
[image: ]
[bookmark: _Ref536782884]Figure 1: Example of possible transmission of UL configured grant with repetition and starting occasion offset, with periodicity=10 slots, repK=4, offset step size =2 (slots). (a)-(d): Due to starting occasion offset, the 4 possible TB transmissions start with slot 0, 2, 4, 6, respectively. The UE may select to start transmission using any of (a)-(d), whichever gives the lowest alignment latency of the arriving uplink data packet.

Thus, we have the following observation and proposal,
[bookmark: _Toc1183476][bookmark: _Toc5103029]Introducing time-offset can improve reliability in configured grant with K repetitions.

[bookmark: _Toc1183489][bookmark: _Toc5103031]Introduce time-offset in configured grant with K repetitions.

2.2	Bit-map for UL CG
[bookmark: _Hlk536782954]A bit-map can be used for uplink configured grant to inform UE about transmission occasions. Figure 2 shows the bitmap for two UEs where UE_A can transmit up to 4 different transport blocks in each period and UE_B can transmit up to 2 different transport blocks in each period. As illustrated, the bitmap provides more flexibility to indicate allowed transmission occasions, compared to Rel-15 UL CG configuration that uses periodicity only.

[image: ]
[bookmark: _Ref536782953]Figure 2: Bit-map for configured grant

Thus, we have the following observation,
[bookmark: _Toc5103030]Indicating the transmission occasions by bit-map provides more flexibility in scheduling and can reduce alignment delay. 


Conclusion
In the previous sections we made the following observations: 
Observation 1	Introducing time-offset can improve reliability in configured grant with K repetitions.
Observation 2	Indicating the transmission occasions by bit-map provides more flexibility in scheduling and can reduce alignment delay.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce time-offset in configured grant with K repetitions.
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