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Introduction
In NR Rel-15, there is a restriction on scheduling the UE with another dynamic PUSCH before the first PUSCH with the same HARQ process ID has been transmitted. The restriction is captured in Clause 6.1 of TS38.214 (V15.13.0) as follows:
	The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.


In this contribution, we discuss the cases and the expected behaviors of dynamic PUSCH scheduling where there was no consensus in the previous e-meeting.
Discussion
[bookmark: OLE_LINK55]The TP relevant to the above restriction was agreed in RAN1#94bis:
	Agreements:
· RAN1 clarifies operation by adopting the TP to 6.1 of 38.214 below, which corresponds to updating a previous agreement (copied below)
A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.
Copy of previous agreements as in RAN1#88:
For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)


As it can been seen from the feature lead summary [1], the intention of the restriction is to simplify the UE implementation by excluding a “back-to-back” PUSCHs scheduling with the same HARQ process ID. By back-to-back scheduling, it meant that the UE doesn’t expect another DCI scheduling a PUSCH for a given HARQ process ID unless the last PUSCH of that HARQ process has been transmitted. More background on the motivation for the restriction can be found in [2][3] as well.
[bookmark: OLE_LINK123]In RAN1#105-e, whether to apply the back-to-back PUSCHs scheduling restriction to CG PUSCH was discussed but no consensus was reached due to different understandings among companies regarding expected behaviors for following CG cases. Two main issues are considered hereafter. 

[bookmark: OLE_LINK133][bookmark: OLE_LINK107]Issue#1: when timeline is satisfied for certain PUSCHs, same or different HARQ processes
For a DG PUSCH overriding a CG PUSCH with repetitions, the following conclusion was reached in RAN1#101-e. 
	Conclusion: 
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]In Rel.15, for a DG PUSCH scheduled by a DCI overriding a CG PUSCH configured with repetition factor K>1,
· [bookmark: OLE_LINK106][bookmark: OLE_LINK148]If the HARQ process is the same between the DG and the CG, DG overrides all remaining repetition occasions after the end of PDCCH reception, under the timeline specified in TS 38.214 section 6.1.
· Otherwise, DG overrides only the CG repetition overlapped with DG, under the timeline specified in TS 38.214 section 6.1.


[bookmark: OLE_LINK102]According to the conclusion, on one hand, for the same HARQ process, a DG PUSCH can override a CG PUSCH configured with repetition factor K>1, where the overriding is performed a) relative to the PDCCH ending position and b) regardless of whether CG-PUSCH and DG-PUSCH overlap or not.
[bookmark: OLE_LINK136]However, for the case of same HARQ process between CG-DG PUSCHs, the starting position for overriding defined in the current specification (as also highlighted below) is relative to the PUSCH instead of the scheduling PDCCH, and is restricted to overlapped PUSCH only, which is not consistent with the conclusion in terms of condition a) and b) and thus needs to be revised.
	TS 38.214 6.1
For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. In addition, the UE shall terminate the repetition of a transport block in a PUSCH transmission if the UE receives a DCI format 0_1 with DFI flag provided and set to '1', and if in this DCI the UE detects ACK for the HARQ process corresponding to that transport block.


An example is shown in Figure 1. The inconsistence between the current specification and the conclusion make difference on whether the Nth repetition or the (N+1)th repetition is overridden. As also can be seen in Figure 2, the conclusion can be extended to the case of no repetition, i.e. K=1 such that the UE behavior is the same.
Observation 1: For early termination/overriding operation, when the CG-PUSCH and DG-PUSCH corresponds to the same HARQ process and the timeline is satisfied, the previous conclusion can be extended to CG-PUSCH without repetition in consistent UE implementation, if the termination timing of CG-PUSCH is relative to the PDCCH reception time.
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[bookmark: _Ref79072766][bookmark: OLE_LINK142]Figure 1 CG-DG PUSCHs with CG repetition factor K>1
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[bookmark: _Ref79072778]Figure 2 CG-DG PUSCHs with CG repetition factor K=1
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]The overall overriding operation would also need to consider the higher-layer UE behavior e.g. in consideration of whether the configuredGrantTimer is configured to not, which is used to determine whether a CG-PUSCH is allowed or not, and on top of which when the CG-PUSCH occasion is valid, the PHY layer overriding/early termination is applied in consideration of PDCCH reception time. For this aspect, RAN2 can further revisit if there is any issue.
Issue#2: when the timeline is not satisfied for certain PUSCH
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[bookmark: _Ref79072731][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK146]Figure 3 Issue2 for DG overlapping with CG repetition#N
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[bookmark: _Ref79072736]Figure 4 Issue2 for non-overlapped CG-DG PUSCHs
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[bookmark: _Ref79072739]Figure 5 Issue2 for DG overlapping with CG repetition#(N+1) 
[bookmark: OLE_LINK98][bookmark: OLE_LINK100][bookmark: OLE_LINK92][bookmark: OLE_LINK93]According to the scheduling restriction specification in 6.1 of TS 38.214, for CG-DG back-to-back scheduling with the same HARQ process ID, the case that the timeline is not satisfied is an error case. For a CG PUSCH without repetition, the specification is clear. However, for the CG PUSCH with repetition, as shown in Figure 3 and Figure 4 and Figure 5, the timeline does not satisfy the Nth CG repetition, but satisfied for the (N+1)th CG repetition. In RAN1#105-e, there was some controversy as to whether the above cases would be allowed.
	Clause 6.1 of TS 38.214
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell for a given HARQ process, if there is a transmission occasion where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321] with the same HARQ process on the same serving cell starting in a symbol  after symbol , and if the gap between the end of PDCCH and the beginning of symbol  is less than  symbols. The value  in symbols is determined according to the UE processing capability defined in Clause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.


[bookmark: OLE_LINK101][bookmark: OLE_LINK105]In our understanding, a transmission occasion can be used for a transmission of a CG PUSCH repetition or a CG PUSCH without repetition. According to the current specification, the scheduling restriction applies to the case, where if a transmission occasion for a CG PUSCH that does not satisfy the timeline exists. This means that, if there is any CG PUSCH that the timeline is not satisfied, the corresponding DG scheduling is an error case, no matter whether the timeline is satisfied by another CG PUSCH corresponding to the same HARQ process. Therefore, the cases as shown in Figure 3, Figure 4 and Figure 5 are all error cases. No specification change is needed.
[bookmark: OLE_LINK73][bookmark: OLE_LINK167]Observation 2: If there is any CG PUSCH between a DG DCI and which the timeline is not satisfied, the corresponding DG scheduling is not expected, according to the current specification.
Overall, along with discussion points raised during previous e-meetings, the main issue that may require further specification work seems to be whether the early termination timing should be determined as current specification or as previous conclusion, for DG-PUSCH and CG-PUSCH corresponds to the same HARQ process and the timeline between DCI scheduling the DG-PUSCH and CG-PUSCH is met. Whether the CG-PUSCH is configured with repetitions or not does not differ from UE implementation point of view, and which CG-PUSCH occasion(s) among repetitions does not meet the timeline does not make difference either as long as it is an error case.
Therefore, we propose 
Proposal 1: RAN1 further discuss the issue with focus on whether the existing specifications for early termination can be an exceptional case or should be updated per the previous conclusion in terms of the termination timing.
Conclusions
Observation 1: For early termination/overriding operation, when the CG-PUSCH and DG-PUSCH corresponds to the same HARQ process and the timeline is satisfied, the previous conclusion can be extended to CG-PUSCH without repetition in consistent UE implementation, if the termination timing of CG-PUSCH is relative to the PDCCH reception time.
Observation 2: If there is any CG PUSCH between a DG DCI and which the timeline is not satisfied, the corresponding DG scheduling is not expected, according to the current specification.

Proposal 1: RAN1 further discuss the issue with focus on whether the existing specifications for early termination can be an exceptional case or should be updated per the previous conclusion in terms of the termination timing.
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