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1 Introduction
In previous RAN1 meetings, enhanced UL configured grant for NR URLLC was discussed and the following agreements were made [1][2][3].
	Agreements:
· Study further whether/how multiple active configured grants for a BWP of a serving cell.
· Identify potential specification impacts and options for both type 1 and type 2
· At least Activation/deactivation mechanism for Type2
· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated
· Study how to support repetitions with multiple configurations for a BWP of a serving cell
· FFS HARQ process ID determination for both type 1 and type 2
· FFS other specification impacts for both type 1 and type 2
· Study the performance impacts
Agreements:
· Study further whether/how on ensuring K repetitions.
· Study further on PUSCH repetitions within a slot for 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:
· 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:
· 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



Based on current agreements, we discuss enhancements on configured grant PUSCH that should be supported for Rel-16 URLLC to be applicable to diverse services. 
2 Discussion
2.1 Repetitions within a slot
In Rel-15 NR, repetitions of a configured grant PUSCH is performed in the same symbols in the repK-1 consecutive slots following the slot where initial transmission takes place. Therefore, to enable repetitions for configured grant PUSCH, periodicity of the configured grant must be at least 2 slots, which is not suitable for use cases requiring low latency.
Observation 1: Repetitions for configured grant PUSCH in Rel-15 NR is not suitable for use cases requiring low latency. 
To achieve high reliability without repetitions, more symbols can be allocated for a configured grant. However, in dynamic TDD scenario, time domain resource allocation with large number of symbols for a configured grant can easily cause direction contradiction with the slot format of a slot. If direction contradiction occurs in a slot, then UE will not transmit PUSCH in the slot, which increases latency.
Therefore, to make configured grant PUSCH more suitable for use cases requiring both high reliability and low latency, repetitions within a slot should be supported.
Proposal 1: Repetitions within a slot for configured grant PUSCH is supported.
For repetitions within a slot, i.e., non-slot based repetitions, to be more suitable in TDD, it can be supported that the repetitions are explicitly configured with different SLIVs with different time durations. For example, if the slots are configured with 7 UL symbols, 2 repetitions of configured grant PUSCH can be configured, one with duration of 4 symbols and another with duration of 3 symbols. Alternatively, one SLIV and the number of repetitions can be provided and the duration of each repetitions can be derived by a formula which divides the configured UL resource into the number of configured repetitions with same or different time durations. The first alternative has the advantage of more flexible resource allocation, which can be more suitable for slot formats with 2 switch points, while the second alternative has the advantage of less signaling overhead, but may not be suitable for slot formats with 2 switch points.
Proposal 2: It is supported that repetitions can be configured with unequal transmission durations within a slot.

2.2 Multiple Configured Grants
Multiple configured grants in a BWP is agreed to be supported in Rel-16. The main 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.
Since different configured grants are for different traffic types with different latency and reliability requirements, the MCS, TBS, repetitions, periodicity, etc., will be configured differently for the associated traffic types. It is expected that different configured grant will have overlapping resources in time. Therefore, RAN1 may need to study the feasibility of using different DMRS for distinguishing different configured grants when the resources overlap in time.
Another issue for RAN1 to discuss is identification of HARQ process ID. In Rel-15, HARQ process ID of a configured grant PUSCH is related to the time position of the PUSCH. However, for multiple configured grants, different periodicity is likely to be used for different configured grants, and potentially with overlapping resources in time for the configured grants. It is not intuitive how the same method for HARQ process ID identification can be applied for multiple configured grants. 

Regarding another use case for multiple configured grants, i.e., for reducing the latency of alignment time for initial transmission, it is more likely that overlapping resources in time for different configured grants will occur.
Proposal 3: FFS how gNB differentiate multiple configured grants with overlapping resources in time.

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 both low latency and high reliability, repetitions across two or more slots should be supported. Therefore, a configuration will likely include the resource allocation within a slot, number of slots with the same resource allocation, and start time offset. For low latency, the start time offset should be in unit of repetitions.
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 number of slots for a configuration has to be overly configured, considering dynamic TDD scenario. However, doing so may result in increase of periodicity. Since low latency needs to be achieved at the same time, multiple configurations with different start time offsets should be utilized. However, we can see that potentially large number of configuration is needed.
Observation 2: 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 resource 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 resource should be supported.
Proposal 4: Repetition(s) across the boundary of a period P is supported.
In current specification, the HARQ process ID of a configured grant PUSCH is determined based on the time when the transmission occasion starts. For repetitions across the boundary of a period to work, the repetitions of a configured grant PUSCH should be associated with the same HARQ process ID. Therefore, the HARQ process ID should not be determined from the time of the transmission occasion. 
Using different DMRS configurations to identify the HARQ process ID can potentially solve the issue. However, different DMRS ports or DMRS sequence may already be used to perform UE identification on the same resource. If DMRS is further used to identify the HARQ process ID and/or identify configured grants, as discussed in section 2.2, DMRS detection performance may be degraded. Therefore, we prefer that the HARQ process ID is explicitly carried in the configured grant PUSCH. It should be multiplexed on the PUSCH as a type of UCI and the UCI multiplexing rule should ensure that the HARQ process ID is transmitted with enough resource when multiplexed with other types of UCI.
Proposal 5: HARQ process ID is multiplexed in the configured grant PUSCH as a type of UCI.
The RV sequence for repetitions of configured grant PUSCH also has a fixed relation in time with the transmission occasions. 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. Therefore, for repetitions across a period P, where P is equal or less than 1 slot, according to current specification, the RV can only be RV0. To make repetitions across a period more reliable, it should be supported that the RV is not reset to the first RV in the RV sequence when crossing into the next periods. For example, assuming the periodicity is 2 symbols and RV sequence is configured to be {0,3,0,3}, if the initial transmission using RV0 is transmitted in symbol 4 and symbol 5 in a slot, for the subsequent transmission in symbol 6 and symbol 7, RV3 is used. Furthermore, the RV mapping should be based on the actually transmitted transmission occasion, i.e., if a transmission occasion is dropped because of contradicting with the slot format, the RV should be postponed to the next actually transmitted transmission occasion.
Proposal 6: When repeating across the boundary of a period P, RV is not reset to RV0.
Proposal 7: RV is mapped in sequence to the actually transmitted transmission occasions.
In current specification, when a configured grant PUSCH has direction contradiction with the slot format of a slot, the PUSCH is not transmitted. The same behavior may apply to non-slot based repetitions. However, it may cause the K repetitions to be completed with time duration larger than the required latency. Therefore, the rule should be loosen a bit. For example, if a repetition has only one symbol that has direction contradiction with the slot format of a slot, the repetition should still be transmitted with the one symbol punctured.
Proposal 8: Consider the criterion to not drop a PUSCH when some of the symbols is not UL symbols.

2.4 Explicit HARQ-ACK
In current specification, a configured grant PUSCH is considered by the UE to be successfully transmitted to the gNB if the configuredGrantTimer of the HARQ process, which was started when the configured grant PUSCH started, has expired. Before the timer expires, the UE can expect to be scheduled by an UL grant addressed to CS-RNTI for retransmission. 
Since for configured grant PUSCH, the HARQ process ID associated with a transmission occasion depends on the time location of the transmission occasion within a system frame, as specified in TS 38.321, and since a transmission occasion cannot be used if the HARQ process associated with it has been used, i.e., the configuredGrantTimer of the associated HARQ process is running, configuredGrantTimer with longer duration will cause latency to be increased if the earliest transmission opportunity after a packet is available is not usable due to configuredGrantTimer is running. Therefore, to enable retransmission for configured grant PUSCH, latency may be increased.
Observation 3: Retransmission for configured grant PUSCH in Rel-15 NR is not suitable for use cases requiring low latency.
To make configured grant PUSCH more suitable for use cases requiring both high reliability and low latency, retransmission should be enabled without increasing the latency. To achieve this goal, configuredGrantTimer should be able to be stopped once gNB correctly received the PUSCH. This can be done by gNB transmitting HARQ-ACK to the UE, and UE stops configuredGrantTimer when it receives ACK in the HARQ-ACK.
The HARQ-ACK should also serve the purpose of early termination, i.e., when UE receives ACK in the HARQ-ACK in the middle of the repetitions of a configured grant PUSCH, it should stop the remaining repetitions. This way can reduce the collision probability of configured grant PUSCH, since the resources of configured grant for different UEs can be overlapped with each other.
Proposal 9: Explicit HARQ-ACK for configured grant PUSCH is supported.
Proposal 10: Remaining repetitions of a configured grant PUSCH is dropped if UE receives ACK in the HARQ-ACK.
For HARQ-ACK transmission, group common DCI should be used to transmit HARQ-ACK of configured grant PUSCH for multiple UEs. In addition, HARQ-ACK of multiple HARQ processes can be transmitted in a group common DCI to lower the overhead of CRC.
Proposal 11: Group common DCI is used for HARQ-ACK transmission for configured grant PUSCH.

2.5 SPS
For use case such as motion control, the network and UE will perform cyclic communication, i.e., network will perform DL data transmission to UE at the beginning of a cycle, and UE will perform UL data transmission to the network at the end of the cycle in response to the DL data. Therefore, SPS can potentially be used to reduce the DL overhead of DCI transmission for each DL data transmission. In addition, reliability requirement for PDSCH transmission can be relaxed in absence of PDCCH transmission for a given data reliability requirement. Therefore, configurable periodicity for SPS should include lower value such as 1 slot, or even 7 symbols and 2 symbols.
To further save the signaling overhead for activation and deactivation of SPS, a SPS can be associated with a configured grant to serve a certain application. Therefore, SPS is activated or deactivated once the associated configured grant is activated or deactivated. For SPS associated with a type 1 configured grant, it is activated when the configured grant is configured by RRC signaling. On the other hand, For SPS associated with a type 2 configured grant, it is activated when the configured grant is activated by an activation DCI.
Proposal 12: SPS can be associated with a configured grant.
3 Conclusions
Based on the discussion, we have the following observations and proposals.
Observation 1: Repetitions for configured grant PUSCH in Rel-15 NR is not suitable for use cases requiring low latency.
Observation 2: To ensure both low latency and high reliability with multiple configured resources, a large number of configurations is needed.
Observation 3: Retransmission for configured grant PUSCH in Rel-15 NR is not suitable for use cases requiring low latency.
Proposal 1: Repetitions within a slot for configured grant PUSCH is supported.
Proposal 2: It is supported that repetitions can be configured with unequal transmission durations within a slot.
Proposal 3: FFS how gNB differentiate multiple configured grants with overlapping resources in time.
Proposal 4: Repetition(s) across the boundary of a period P is supported.
Proposal 5: HARQ process ID is multiplexed in the configured grant PUSCH as a type of UCI.
Proposal 6: When repeating across the boundary of a period P, RV is not reset to RV0.
Proposal 7: RV is mapped in sequence to the actually transmitted transmission occasions.
Proposal 8: Consider the criterion to not drop a PUSCH when some of the symbols is not UL symbols.
Proposal 9: Explicit HARQ-ACK for configured grant PUSCH is supported.
Proposal 10: Remaining repetitions of a configured grant PUSCH is dropped if UE receives ACK in the HARQ-ACK.
Proposal 11: Group common DCI is used for HARQ-ACK transmission for configured grant PUSCH.
Proposal 12: SPS can be associated with a configured grant.
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