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1.
Introduction

According to the approved NR eURLLC WID scope [1], PUSCH enhancements were included as one of the objectives as follows,

	· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]

· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots


Specifically, the objective mainly focus on “mini-slot level” PUSCH repetition enhancement, which can also span across slot boundary aiming at reliability and latency improvement with respect to eURLLC use cases, e.g. motion control. In this contribution, we discuss and provide analysis on RAN2 impacts of PUSCH enhancements based on RAN1 progress.
2. Discussion
2.1
Rel-15 slot-based repetition/aggregation
In Rel-15, for dynamic and configured grant, slot-based repetition/slot aggregation scheme is supported to improve the PUSCH reliability, where the repetition number is configured by RRC. The repetitions are transmitted across consecutive slots using the same time-domain resource allocation in each slot, as shown in Figure 1.
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Figure 1. Slot-based repetition/aggregation in Rel-15
After the initial transmission, the following repetitions/slot aggregations are triggered by HARQ entity following the number of transmissions of a TB configured by RRC, which is specified in TS 38.321 in the following [2],
	When the MAC entity is configured with pusch-AggregationFactor > 1, the parameter pusch-AggregationFactor provides the number of transmissions of a TB within a bundle of the dynamic grant. After the initial transmission, pusch-AggregationFactor – 1 HARQ retransmissions follow within a bundle. When the MAC entity is configured with repK > 1, the parameter repK provides the number of transmissions of a TB within a bundle of the configured uplink grant. After the initial transmission, HARQ retransmissions follow within a bundle.


Observation 1:  The HARQ entity triggers the slot-based HARQ retransmissions on PUSCH according to the number of transmissions, which is configured by RRC in Rel-15.
2.2
Rel-16 mini-slot-based repetition/aggregation

Due to the more stringent latency requirements of URLLC in Rel-16, the slot based repetition scheme is not applicable to satisfy such requirements at least for some use cases. For example, the motion control in discrete automation use case defined in [3] requires the latency of 1ms and reliability of 1E-6. Moreover, if the remaining number of symbols for uplink transmission cannot accommodate one transmission, how to continue the following repetition when across the slot boundary is studied in RAN1. With respect to the candidate solutions, there are 6 different options in total captured in TR in the SI and it was conclude to the details to be finalized during the WI using Option 4, 5, 6 as starting point [4]. In the last RAN1#97 meeting, a finally down-selection was done and Option 4 is adopted as follows,
	· Adopt option 4 with the following update:

· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition.

· FFS the detailed interaction with the procedure of UL/DL direction determination


With Option 4, actual PUSCH repetitions across slot boundary in consecutive available slots is supported using one UL grant, which is applicable for both dynamic grant and configured grant. The number of the repetitions signalled by gNB represents the “nominal” number of repetitions. However, the actual number of repetitions can be larger than the nominal number. More specifically, if a "nominal" repetition goes across the slot boundary or DL/UL switching point, this "nominal" repetition is split into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot, as shown in Figure 2.
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Figure 2. Min-slot-based repetition/aggregation in Rel-16
The time domain resource assignment (TDRA) field in the DCI for dynamic grant or configured grant Type 2 or the TDRA parameter in the configured grant Type 1 indicates the resource for the first "nominal" repetition. The UE will interprets that PUSCH transmission is split into two PUSCH transmissions crossing the slot boundary. The first PUSCH (i.e. the 2nd transmission) starts at the staring symbol according to TDRA but ends at the end of the present slot, and the second PUSCH starts at the beginning of the subsequent slot and ends at the symbol corresponding to the original configured/scheduled length. By doing this, there is no gap for the consecutive repetitions so that the UE can be allowed to transmit the repetition immediately rather than wait for the next slot, which is beneficial for the latency for URLLC traffic. Therefore, the actual number of HARQ retransmission is no longer equal to the “nominal” repetition number in this case, which can be determined by the physical layer according to Option 4 operation. Hence the HARQ entity is able to trigger the HARQ retransmission based on the determined value of “actual repetition number”. 
Observation 2:  The number of HARQ retransmissions within a bundle may not be equal to the nominal number of repetitions signalled by gNB in Rel-16. 
For detailed operations, the following aspects need to be discussed and finalized in both RAN1 and RAN2 from our understanding.

1. Dynamic indication of “nominal” number of repetitions

In the RAN1#96bis meeting, dynamic indication of the nominal number of repetitions is discussed and the following agreements were made,

	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


It can be seen that, the nominal number of repetitions can be dynamically indicated rather than configured by RRC for (at least) dynamic grant, which is different from slot aggregation. For configured grant Type 1, it is straightforward that dynamic “nominal” number of repetitions cannot be supported due to lack of L1 signalling. We don't see any strong motivation to support the feature for Type 2 either. Otherwise, the benefit of reducing the cost of L1 signalling for configured grant is somehow reduced with the dynamic indication possibly in DCI. Given the status in RAN1, we propose RAN1 to finalize the dynamic indication of the nominal number of repetitions for dynamic grant. 
Proposal 1: For PUSCH repetitions, the “nominal” number of transmissions of a TB within a bundle is signalled by the gNB. 
· For configured grant, the “nominal” number of transmissions is configured by RRC.
· For dynamic grant, dynamic indication of “nominal” number of transmissions is pending to RAN1.

Proposal 2: For PUSCH repetitions, the number of HARQ retransmissions of a TB triggered by HARQ entity is determined by the physical layer. 
2. TBS and RV determination

Regarding the RV determination, it is still under discussion in RAN1, we propose it should be determined in physical layer as well as in Rel-15 for repetition/slot aggregation. Then, the HARQ entity can just refer to RAN1 spec to determine the sequence of RV for each transmission within a bundle for dynamic grant and configured grant. Another issue is how to determine the TBS for each repetition when split into two PUSCH transmissions, currently there are two options still discussed in RAN1 as follows, 
· Based on nominal length of each repetition (i.e. L): 

· Based on the minimum total number of available data symbols after splitting: 

We think it is RAN1 issue and should be determined and specified in the RAN1 spec. Therefore, the HARQ entity shall delivery the corresponding uplink grant and related HARQ information including RV and TBS by referring to RAN1 spec to the corresponding HARQ process.
Proposal 3: For each transmission within a bundle of the dynamic grant and configured grant, the sequence of RV and TBS is determined by the physical layer. 
Proposal 4: The HARQ entity delivers the uplink grant and HARQ information of TBS and RV for each repetition to the corresponding HARQ process.
3. Conclusion
In this contribution, we discuss and provide our views on RAN2 impact of PUSCH enhancements, and the following observations and proposals are made,
Observation 1:  The HARQ entity triggers the slot-based HARQ retransmissions on PUSCH according to the number of transmissions, which is configured by RRC in Rel-15.
Observation 2:  The HARQ entity triggers the slot-based HARQ retransmissions on PUSCH according to the number of transmissions, which is configured by RRC in Rel-15.
Proposal 1: For PUSCH repetitions, the “nominal” number of transmissions of a TB within a bundle is signalled by the gNB. 

· For configured grant, the “nominal” number of transmissions is configured by RRC.

· For dynamic grant, dynamic indication of “nominal” number of transmissions is pending to RAN1.

Proposal 2: For PUSCH repetitions, the number of HARQ retransmissions of a TB triggered by HARQ entity is determined by the physical layer. 

Proposal 3: For each transmission within a bundle of the dynamic grant and configured grant, the sequence of RV and TBS is determined by the physical layer. 

Proposal 4: The HARQ entity delivers the uplink grant and HARQ information of TBS and RV for each repetition to the corresponding HARQ process.
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