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Introduction
In RAN#80, the following was agreed [1]:

	Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. 




During the RAN1#94bis meeting the following open issues still remain regarding the enhancements to the UL grant-free transmission schemes

	· 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




In this contribution, we specifically focus on discussing potential improvements on grant-free transmission schemes. 

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Discussion
Grant-free UL transmission has been considered a major feature suitable for URLLC application where a UE can be provided with resources for transmission as soon as it is ready, without waiting for a grant from the gNB. As the UE uses configured resources for PUSCH transmission, the Transmission Opportunities (TO) cannot be dynamically allocated depending on data arrival time. As proposed in [5] the delay (also referred to as a jitter) can be further reduced if the allowed transmission opportunities are increased. One method to achieve that is by providing the UE with multiple configured grants such that UE is allowed to use resources of the earliest configuration when the data arrives.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2.1 Study of Hopping patterns
Mini-Slot Hopping and K-repetition
Time hopping design discussed in [3] can be applied among scheduled UEs. However with only time hopping, each UE can perform transmissions within different mini-slots in each repetition window. The repetitions can follow multiple patterns. If multiple configurations (across frequency) are actively allocated, combined time and frequency hopping can also be studied similar to [4].

In case of mini-slot transmission with multiple configurations, a time hopping can be achieved by assigning a different hopping sequence on every TO for each UE transmitting consecutively on multiple consecutive TO, i.e., assuming one TO within a period with a boundary P.  Additionally, hopping in this case will be across the multiple active configurations in frequency (within the active BWP). This guarantees hopping across time (changing the pattern every TO) and across frequency (across multiple configuration indices). Furthermore, we need to study if hopping, in this way, within a slot, using a non-slot based transmission, is beneficial for achieving reliability.

As shown in Figure 1, selection of hopping pattern within a slot is important to reduce the probability of persistent collisions between UEs. The collisions that occur (even with lower probability) in such a hopping scenario may be limited only to one or more of the transmitted redundancy versions.  In the example in Figure 1, it is assumed that the redundancy version (RV) sequence used is {0, 2, 3, 1}. For the hopping sequence, it is assumed that (collision marked in bold), e.g.,:
· First TO:
· UE1: RV0  config. 1, RV2  config. 2, RV3  config. 3, and RV1  config. 4
· UE2: RV0  config. 2, RV2  config. 3, RV3  config. 4, and RV1  config. 1
· Second TO:
· UE1: RV0  config. 2, RV2  config. 3, RV3  config. 4, and RV1  config. 1
· UE3: RV0  config. 4, RV2  config. 3, RV3  config. 2, and RV1  config. 1

Moreover, the selection of DMRS in case of time/frequency hopping is important, which needs a further study. The selection of DMRS might also be important to facilitate identifying the colliding UE along with their collided redundancy versions within each configuration for each possible TO in the slot. 

Observation 1: Hopping reduces the persistent collision probability.

Observation 2: The DMRS selection needs to be optimized for frequency/time hopping case to identify colliding UEs along with UEs’ RV

We also need to study if DMRS selection should be selected differently for each of the configurations, for each time, for each UE.  
For example;
· UE 1 and UE 3 may select DMRS-config-1 and DMRS-Config.1-dash, respectively, for the same configuration 1. 
· Hence, both DMRS-Config.1 and DMRS-Config.1-dash could be always orthogonal or quasi-orthogonal to each other
· DMRS selection of other configurations can select from other sequence bases if possible 
· Other mechanisms are not precluded

If repetitions across boundaries (at a period P) will not be supported, it was discussed that the latency may increase. Hence, it is important to study reporting to the gNB the latency between the packet arrival and TO, i.e., the scheduling jitter. Such a delay information may consider, for e.g., the maximum jitter or the average jitter of previous transmissions. This information can be utilized further to adapt the maximum number of the active configurations for a UE. In other words, this ensures that the UE receives a new configuration only if needed to reduce a possible jitter. However, the analysis of possible jitter/delay occurrences and their impacts on the URLLC operation may need to be studied separately and in more details.  




Figure 1: K-repetition hopping within a slot


Proposal 1: Study the benefit of frequency/time hopping, at least, within a slot considering the impact on collision probability and configuration complexity. 

Proposal 2: Study whether it is beneficial if the UE sends latency information to adapt the number of active configurations. 

Slot-based Frequency/Time Hopping
Even for slot-based transmission, it was also discussed that time-hopping patterns may reduce the probability of persistent collision; however, with an impact on latency [3]. However, it could be important to study both time and frequency hopping pattern, especially for simultaneously active configurations. This can reduce the collision similar to the analysis in section 2.1.1. Figure 2 shows a possible slot-based UE-hopping pattern for multiple configurations. In this example, the frequency hopping is guaranteed by allowing each UE to start each new packet on a different configuration, e.g., through configuration 1 to 4 in the first period P. The time hopping is assured by allowing each UE to transmit on each period with a different hopping sequence, for e.g., the UE used configuration 1, 2, 3 in the first period and 2, 3, and possibly 4 in the next period.

Depending on our selection to the hopping patterns, the collision probability and latency may vary. We should also study if it makes sense to configure the hopping pattern among configurations differently for every TO for each UE (i.e., allowing time hopping along with configuration/frequency hopping). Again, if a hopping pattern is maintained, it will result in partial collision in time and frequency configuration across one or more RVs (e.g., in Figure 2, config. 2 and the 6th TO between UE2-RV0 and UE1-RV3). As we can see, collisions happen on one or more RVs. It is important to study if different UE selection for DMRS is a function of TO and configuration index.

In Figure 2, the time and frequency hopping across configurations and across TO boundaries (with period P) is shown with RVs sequence {0, 3}. Different DMRS codes help in identifying which of the RV from specific UEs are colliding.   



Figure 2: Slot-based UE hopping pattern with time and frequency configuration

Proposal 3: Study the benefit of having active simultaneous multiple configurations for configured grants with different UE-specific frequency/time hopping patterns to reduce latency

Proposal 4: Study how DMRS selection is done for multiple simultaneously active configurations


Conclusion
In this contribution, we discussed potential improvements on the UL configured grants (grant-free) transmission. 
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Observation 2: The DMRS selection needs to be optimized for frequency/time hopping case to identify colliding UEs along with UEs’ RV

Proposal 1: Study the benefit of frequency/time hopping, at least, within a slot considering the impact on collision probability and configuration complexity. 

Proposal 2: Study whether it is beneficial if the UE sends latency information to adapt the number of active configurations. 

Proposal 3: Study the benefit of having active simultaneous multiple configurations for configured grants with different UE-specific frequency/time hopping patterns to reduce latency

Proposal 4: Study how DMRS selection is done for multiple simultaneously active configurations
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