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1 Introduction
In RAN1 96bis meeting, enhancements on PUSCH with configured grant for NR URLLC was discussed and the following agreements were made [1].
	Agreements:
· Support separate RRC parameters for different configured grant configurations (for both type 1 and type 2 configured grants) for a given BWP of a serving cell.
· FFS whether or not some parameters can be common among different configured grant configurations 
Agreements:
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 


On the other hand, regarding enhancements on PUSCH, agreements were made as follows.
	Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
Agreements:
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH
Agreements:
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down-select
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details



In this contribution, we discuss enhancements on PUSCH with configured grant that should be supported for Rel-16 URLLC. 
2 Discussion
2.1 Multiple Configured Grants
Multiple configured grants in a BWP is agreed to be supported in Rel-16. The first use case is to accommodate different traffic types by using separate configured grants, each associated with a specific traffic type. A straight forward way to realize this is to specify an associated logical channel for each configured grant, and use LCP restriction so that MAC layer will choose an associated configured grant for the data from a specific logical channel by LCP procedure.
For the first use case, since different configured grants are for different traffic types with different latency and reliability requirements, the MCS, TBS, number of repetitions, periodicity, etc., for each configured grant will be configured differently for the associated traffic type. Therefore, separate RRC parameters should be used for configuration of the multiple configured grants, which was agreed in RAN1 96bis.
Regarding activation and release of type 2 configured grants, it was agreed that separate activation and release of multiple configured grants is supported. It is suitable for the first use case since multiple configured grants are for different services.

For another use case of multiple configured grants, i.e., reducing the latency of alignment time for initial transmission, at least the MCS, TBS, number of repetitions, periodicity should be the same for the multiple configured grants. Therefore, RRC parameters of the multiple configured grants should be reused to reduce the signaling overhead.
Proposal 1: Some RRC parameters in configured grant configuration can be shared by multiple configured grants.
Regarding activation and release of type 2 configured grants for the second use case, since the multiple configured grants are for the same service, it should be supported that the multiple configured grants are jointly activated or released by one DCI.
To jointly release of multiple configured grants, grouping or association between the multiple configured grants needs to be used, so that the deactivation DCI can release all the configured grants by indicating the group index or index of one of the multiple configured grants.
For jointly activation of multiple configured grants, it may need to be further studied how the DCI and RRC signaling is used. It is not intuitive how this can be done, since the activation DCI should include the TDRA of all the configured grants.
Proposal 2: Jointly release of multiple type 2 configured grants is supported.

2.2 RV mapping
In Rel-15, the RV mapping for the repetitions of PUSCH with configured grant has a fixed relation in time with the transmission occasions according to the configured RV sequence. RV sequence starts from RV0 at the first transmission occasion of each period, and the RVs of subsequent repetitions are according to the configured RV sequence.
To reduce the possible latency incurred from waiting for the transmission occasion corresponding to RV0, we think the RV mapping should be based on the actually transmitted transmission occasion. That is, UE should transmit RV0 using the nearest available transmission occasion, and the RVs for subsequent transmission occasions are according to the configured RV sequence.
For option 6 of PUSCH enhancement, it is agreed that if a repetition conflicts with semi-static DL symbols, the repetition is not transmitted. In this scenario, the transmission occasion that cannot be transmitted should not be used for RV mapping. Instead, the next RV in the RV sequence should be mapped to the next transmitted repetition. Doing so can ensure the RVs in the RV sequence are actually transmitted.
For option 4 of PUSCH enhancement, since a repetition will be segmented into two repetitions if it crosses slot boundary, the RV mapping rule should be specified for this scenario. One straight forward way is to treat the segmented repetition as one transmission occasion. That is, the same RV is used for the two repetitions at the slot boundary. This way the RVs that are affected by the shortened repetitions can be kept to minimum.
Proposal 3: RV is mapped in sequence to the actually transmitted transmission occasions.



2.3 Ensuring K Repetitions
Multiple configured grant configurations with same periodicity and different start time offsets can potentially be used to ensure K repetitions. To achieve low latency, the start time offset between multiple configured grants can be as small as 2 symbols. To achieve high reliability, up to 8 repetitions may be required.
Since the goal is to ensure UE can transmit from the first repetition of a configured resource until K repetitions has been transmitted, it is likely that the periodicity has to be configured large enough to accommodate up to 8 actually transmitted repetitions, considering TDD scenario.
For example, assuming the length of a PUSCH repetition is 2 symbols, and the TDD UL/DL configuration is [D,D,D,D,D,D,F,F,U,U,U,U,U,U]. Then, to ensure 8 repetitions can be transmitted, the periodicity has to be configured to be 4 slots, and 12 start time offsets has to be configured. That is, 12 configured grants are needed, which is larger than most of the companies view on number of configured grants in a BWP.
Observation 1: To ensure both low latency and high reliability with multiple configured resources, a large number of configurations is needed.
On the other hand, if repetitions is allowed to cross two or more periods of a configured grant with short periodicity such as 2 symbols, 4 symbols or 7 symbols, then K repetitions can be ensured with low latency. Therefore, bundling of resources across multiple periods of a configured grant should be supported.
Proposal 4: Repetition(s) across the boundary of a period P is supported.



3 Conclusions
Based on the discussion, we have the following observation and proposals.
Observation 1: To ensure both low latency and high reliability with multiple configured resources, a large number of configurations is needed.
Proposal 1: Some RRC parameters in configured grant configuration can be shared by multiple configured grants.
Proposal 2: Jointly release of multiple type 2 configured grants is supported.
Proposal 3: RV is mapped in sequence to the actually transmitted transmission occasions.
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