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[bookmark: _Ref40394462]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 (V15.11.0) 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 some of the ambiguity and the cases of dynamic PUSCH scheduling that are not properly covered in the above paragraph.
Ambiguity of the Specs’ text
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. The relevant section from the feature lead summary [1] is copied below. More background on the motivation for the restriction can be found in [2][3] as well.
	2.2	Back-to-back uplink transmissions
Currently in specification, a PDSCH is not expected to be transmitted for the same HARQ process until after the HARQ-ACK has been transmitted. The provides some reasonable constraint on dynamic scheduling that helps simplify implementation and testing. It was noted by [Intel] that the equivalent limitation for the uplink has not been captured in specification but should be this meeting. The following proposal is provided from [Intel].
Proposal (from [Intel]):
· For each HARQ process ID, the UE is not expected to receive a scheduling DCI for a unicast PUSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the PUSCH, including any repetition of the PUSCH, of an earlier transmission on the same HARQ process ID.
Proposal (offline consensus): RAN1 clarifies operation by adopting the TP below, which corresponds to updating a previous agreement for a condition associated with grant-based repetition of a TB which was not captured in specification. 
--------------------------------------------------- Start of Text Proposal for 38.214 -------------------------------------------------
< Unchanged parts are omitted >
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.
--------------------------------------------------- End of Text Proposal for 38.214 --------------------------------------------
The previous agreement is noted below.
RAN1#88
Agreements:
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)
Also for reference, following wording in specification for the downlink from 38.214 is provided.
“The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6].”


However, the current text of TS38.214 doesn’t properly reflect the intention of the TP. In RAN1#104-e, the above issue was discussed but no TP was agreed due to different understandings among companies regarding CG-PUSCH [4]. However, the following conclusion was reached;
	Conclusion
For the sentence “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 TS 38.214 Clause 6.1, 
· The common understanding is that the DCI is expected to be received after the end of the last PUSCH.


Other cases of dynamic PUSCH scheduling
It can noticed from the FL summary [1] that the TP meant to cover the dynamic PUSCH scheduling case (referred to it as “grant-based”). However, the existing text of the restriction didn’t include all the cases of dynamic PUSCH scheduling, it listed only the PUSCHs that are scheduled with DCIs scrambled by C-RNTI or MCS-C-RNTI.
DCI scrambled by CS-RNTI when used for the second (or later) retransmission of the CG-PUSCH, as illustrated in Figure 1. Similar to the first case, the subsequent retransmissions of a CG-PUSCH are considered dynamic PUSCHs. Hence, the mentioned restriction should be applicable to this case as well.
[image: ]
[bookmark: _Ref61366297]Figure 1: Scheduling multiple retransmissions of CG-PUSCH using DCIs scrambled by CS-RNTI.
Observation 1: The “back-to-back” restriction on PUSCHs scheduling is applicable to dynamic grant PUSCHs according to RAN1#94bis agreement.
In RAN1#105-e, there was a discussion on adding TC-RNTI and CS-RNTI to the restriction, and it was agreed to add TC-RNTI to the restriction [5]. For adding CS-RNTI to the back-to-back PUSCHs scheduling restriction, there was consensus among companies on adding the CS-RNTI to the resection. However, there was no consensus on the TP for including the CS-RNTI to the resection. The main cause for not achieving the consensus is that there are some cases where the provided TPs (option-1 and option-2 in Proposal#4) could allow (disallow) although there are disallowed (allowed) in the current specs [5].
Proposed TP
Hence, the current specs need to be updated to capture the other cases of dynamically scheduled PUSCHs. Therefore, we have the following proposal:
Proposal 1: Adopt the following TP for TS38.214; 
	6      Physical uplink shared channel related procedure
6.1   UE procedure for transmitting the physical uplink shared channel
< Unchanged parts are omitted >
The UE is not expected to be scheduled to transmit another PUSCH by a DCI format 0_0 with CRC scrambled by TC-RNTI, for a given HARQ process with the DCI received before the end of the expected transmission of the last PUSCH for that HARQ process if the latter is scheduled by a DCI format 0_0 with CRC scrambled by TC-RNTI or by an UL grant in RA Response. 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. The UE is not expected to be scheduled to transmit another PUSCH by a DCI format scrambled by CS-RNTI, C-RNTI or MCS-C-RNTI for a given HARQ process with the DCI received before the end of the expected transmission of the last PUSCH for that HARQ process if the latter is scheduled by a DCI format. 
< Unchanged parts are omitted >



References
[1] [bookmark: _Ref481672677]R1-1811891, “Summary for Rel-15 DL/UL data scheduling and HARQ procedure”, Qualcomm, RAN1#94bis, Oct. 2018.
[2] [bookmark: _Ref61374172]R1-1810756, “Remaining issues on NR scheduling & HARQ”, Intel, RAN1#94bis, Oct. 2018.
[3] [bookmark: _Ref61374173]R1-1807364, “Remaining Issues on DL/UL Scheduling, Processing Time and HARQ management,” Qualcomm, RAN1#93, May 2018.
[4] [bookmark: _Ref61374214]R1-2102225, “Summary of email discussion [104-e-NR-7.1CRs-03] on the clarification of PUSCH scheduling restriction”, Moderator (Apple Inc.), RAN1#104e, Jan. 2021.
[5] [bookmark: _Ref79074603]R1-2106268, “Summary of [105-e-NR-7.1CRs-07] Clarification on back-to-back PUSCHs scheduling restriction”, Moderator (MediaTek), RAN1#105e, May 2021.
image1.emf
CG-PUSCH

HARQ-ID = 1

PUSCH

HARQ-ID = 1

1

st

 re-Tx of 

CG-PUSCH 

PUSCH

HARQ-ID = 1

2

nd

 re-Tx of 

CG-PUSCH 

DCI

(CS-RNTI, 

NDI=1)

Initial-Tx of 

CG-PUSCH 

DCI

(CS-RNTI, 

NDI=1)


