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1 Introduction
In RAN1 #94, enhanced UL configured grant for NR URLLC was discussed and the following agreements were made [1].
	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.



In this contribution, we discuss enhancements that can be done to the configured grant PUSCH in the current specifications. 
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.

2.2 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 configuration 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 2: Bundling of resources across multiple periods for K repetitions is supported.

2.3 Explicit HARQ-ACK
In the current specifications, 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 3: Explicit HARQ-ACK for configured grant PUSCH is supported.
Proposal 4: 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 5: Group common DCI is used for HARQ-ACK transmission for configured grant PUSCH.

2.4 Retransmission without dynamic UL grant
When gNB configures a resource for configured grant PUSCH, it may refrain from scheduling PUSCH in the resource. If a resource for configured grant PUSCH for a UE is not overlapped with the resource for configured grant PUSCH for other UE, then the resource is likely to be wasted if not used for retransmission. Although gNB can use dynamic UL grant to schedule UE to retransmit in resource that overlaps with the configured resource, however, a DCI needs to be transmitted.
Retransmission without dynamic UL grant has the advantage of less DCI overhead, but it has the disadvantage that if collision happens in the initial transmission, collision will happen again in the retransmission. Therefore, retransmission should be enabled to perform on the resource for configured grant PUSCH, under the condition that a layer-1 signaling is received by the UE. The layer-1 signaling can be the explicit HARQ-ACK discussed above, so that UE can perform retransmission if NACK is received.
Proposal 6: UE retransmits in the resource for configured grant PUSCH if it receives NACK.

2.5 HARQ process ID
As discussed above, if configuredGrantTimer of a HARQ process is running, transmission occasions associated with the HARQ process cannot be used for configured grant PUSCH. In current specifications, the HARQ process pool is shared between dynamic grant and configured grant. Therefore, if gNB schedules a HARQ process using dynamic grant, then some of the transmission occasions associated with the HARQ process cannot be used for configured grant PUSCH, since the configuredGrantTimer is started when the dynamic UL grant is received. Again, this 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, a method should be used to inform the gNB of the actual HARQ process ID so that UE can transmit in the transmission occasions associated with HARQ process that is not available. For example, carry the HARQ process ID in PUSCH.
Proposal 7: A method should be used to inform the gNB of the actual HARQ process ID so that UE can transmit in the transmission occasions associated with HARQ process that is not available.
3 Conclusions
[bookmark: _GoBack]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 configuration 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: Bundling of resources across multiple periods for K repetitions is supported.
Proposal 3: Explicit HARQ-ACK for configured grant PUSCH is supported.
Proposal 4: Remaining repetitions of a configured grant PUSCH is dropped if UE receives ACK in the HARQ-ACK.
Proposal 5: Group common DCI is used for HARQ-ACK transmission for configured grant PUSCH.
Proposal 6: UE retransmits in the resource for configured grant PUSCH if it receives NACK.
Proposal 7: A method should be used to inform the gNB of the actual HARQ process ID so that UE can transmit in the transmission occasions associated with HARQ process that is not available.
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