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Introduction
In RAN2#125 meeting, RAN2 discussed drx-HARQ-RTT-TimerUL start time issue as follows:
R2-2401517	Clarification on HARQ RTT Timer operation when drx-LastTransmissionUL is configured	Apple, Qualcomm Incorporated, Nokia, Nokia Shanghai Bell, MediaTek Inc. ,Huawei, HiSilicon	CR	Rel-17	38.321	17.7.0	1770	1	F	TEI17
-	Samsung thinks that there is on ambiguity.   This text was copied from the DRX behaviour and this timer is started at the first transmission and HARQ RTT timer is started at the first transmission.  This CR is changing the current behaviour.  The network would know when the first transmission takes place so there is no ambiguity. 
-	Mediatek explains that there is no change of behaviour as this is ambiguous.  
-	Ericsson thinks that it is important that for repetitions it works and it’s not clear what a bundle. 
-	ZTE and Oppo think that the timer should be started at the actual transmission.  
After CB
Way Forwards: 

WF#1) The following UE behavior is confirmed when drx-LastTransmissionUL is configured:
            
         - When drx-LastTransmissionUL is configured, drx-HARQ-RTT-TimerUL is started after the last PUSCH transmission occasion of a bundle regardless of whether that last PUSCH transmission occasion is used for a PUSCH transmission for that bundle or not. 
 
WF#2) Corresponding CR is postponed to next meeting to allow companies to further check other occasions for “transmission”.
 
WF#3) Whether to restart HARQ RTT Timer can be further check and come back next meeting.

Agreements
1	When drx-LastTransmissionUL is configured, drx-HARQ-RTT-TimerUL is started after the last PUSCH transmission occasion of a bundle regardless of whether that last PUSCH transmission occasion is used for a PUSCH transmission for that bundle or not. 
2	Corresponding CR is postponed to next meeting to allow companies to further check other occasions for “transmission”
3	FFS Whether to restart HARQ RTT Timer can be further check and come back next meeting.
The final CR was postponed to this meeting, since similar issue existed in legacy MAC operation. This document discusses this issue and how to resolve it.
Discussion
RAN2#125 Discussion on TEI17 drx-LastTransmissionUL
The main problematic scenario of the RAN2#125 discussion is combination scenario of PUSCH bundling and dynamic TDD. The CR cover sheet of R2-2400805 [1] well explains the detailed scenario, as follows:
	Grant collision case:
· [bookmark: OLE_LINK15]UE receives DCI for new transmission at slot 3.
· UE starts first UL transmission at slot 5, with a repetition at slot 6 (second transmission)
· [bookmark: OLE_LINK16]UE expects to transmit repetitions at slot 11 (third transmission) and slot 12 (fourth transmission, i.e., the last transmission) and start drx-HARQ-RTT-TimerUL timer after the end of expected last transmission.
However
· UE receives another DCI’ to override the third transmission at slot 11 and the last transmission at slot 12.
· [bookmark: OLE_LINK18]While the UE expected the drx-HARQ-RTT-TimerUL timer to start at slot 13, the actual last transmission happened to be at slot 6. (The remaining transmission are overridden).
· In this example, the drx-HARQ-RTT-TimerUL timer should start at the end of slot 6 based on the current MAC spec. But the UE unaware at the end of slot 6 whether there will be another new DCI’ in the future or not.
[image: ]

Therefore, the UE cannot decide whether to start the timer at the end of slot 6 or not.


RAN2 concluded that drx-HARQ-RTT-TimerUL is started after the last PUSCH transmission occasion of a bundle regardless of whether the last PUSCH transmission occasion is used. Thus, the MAC entity shall interpret “the transmission” as the last CG occasion (i.e. virtual transmission), not the last actual transmission, from the following text of TS 38.321:
	[Excerpt from TS 38.321]
3>	if drx-LastTransmissionUL is configured:
4>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the last transmission (within a bundle) of the corresponding PUSCH transmission.


However, the terminology “transmission” is used for many places in the MAC specification. If we start to interpret it as a virtual transmission, it may have impact to other legacy features which use “transmission” in the spec text. The same terminology cannot be interpreted differently in the same specification.
The remainder of this document checks how the “transmission” is interpreted throughout the MAC specification, and see how we achieve the consistency of the terminology and support what RAN2 has agreed so far. 
Interpretation for Legacy Features
Rel-15 and Rel-16 IIOT: CG transmission from the middle of a bundle
A case that “transmission” occasion is not used existed since Rel-15. In typical bundle case, the actual first transmission could happen in the middle of the occasion depending on the data presence as shown in Figure 1. If there is no available data at the processing of the first occasion, the uplink grant is skipped and drx-HARQ-RTT-TimerUL does not start. However, depending on redundancy version, the 3rd occasion can be used when data arrives before the processing of the 3rd occasion. Then, the actual first transmission happens at the 3rd occasion. The corresponding drx-HARQ-RTT-TimerUL is started after the end of the first actual transmission as in the figure. This means that in Rel-15 bundle transmission, “transmission” is interpreted as actual transmission.
Observation 1. In Rel-15 bundle transmission, “transmission” is interpreted as actual transmission.


Figure 1. Actual first transmission in the middle of occasion in a bundle, based on late data arrival
In Rel-16 lch-basedPrioritization in IIOT where uplink transmission is determined by LCH priority, the similar case happens as shown in Figure 2. If the first and second occasions are de-prioritized by other uplink or other SR with higher LCH priority, the transmission can be performed from the 3rd occasion. Similar to Rel-15, in this case, “transmission” is interpreted as actual transmission.
Observation 2. In Rel-16 IIOT lch-basedPrioritization, “transmission” is interpreted as actual transmission.



Figure 2. Actual first transmission in the middle of occasion in a bundle, based on prioritization
Rel-16 NR-U: LBT failure is indicated for DG
In NR-U, LBT failure was a major consideration which introduced many procedural changes throughout the MAC specification. The related issue was whether drx-HARQ-RTT-TimerUL is started when the LBT failure is indicated by the lower layer. There was a symmetric issue whether drx-HARQ-RTT-TimerDL is started for HARQ feedback when the LBT failure indicated. For those issues, RAN2 made the following formal agreements:
	RAN2#105bis
drx-HARQ-RTT-TimerUL should be started/restarted regardless of the LBT outcome for PUSCH transmission with dynamic grant
drx-HARQ-RTT-TimerUL should not be started/restarted when LBT fails for PUSCH transmission with configured grant

	RAN2#107bis
1.	The drx-RetransmissionTimerDL is started after the PDSCH scheduled by non-numerical K1
2.	UE starts the drx-HARQ-RTT-TimerDL after the HARQ A/N transmission opportunity irrespective of the LBT outcome


For dynamic grant and HARQ feedback, UE starts drx-HARQ-RTT-TimerDL regardless of LBT outcome. But the MAC spec text does not specify separate handling for LBT failure case, but just use “transmission” terminology. It means that “transmission” is interpreted as virtual transmission in NR-U.
Observation 3. In Rel-16 NR-U, “transmission” is interpreted as virtual transmission.
	[Excerpt from TS 38.321]
When DRX is configured, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment for unicast:
…
2>	else:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback.
…
2>	if the PDCCH indicates a UL transmission:
…
3>	else:
4>	if drx-LastTransmissionUL is configured:
5>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the last transmission (within a bundle) of the corresponding PUSCH transmission.
4>	else:
5>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.


Rel-17 MBS: HARQ feedback is not transmitted for NACK-only feedback
In Rel-17 MBS, NACK-only HARQ feedback was introduced. In case of no feedback (i.e. ACK), RAN2 agreed not to start drx-HARQ-RTT-TimerDL as follows:
	RAN2#117
· P4. If there is no real HARQ feedback transmission due to ACK in NACK only case, the UE will not start DRX RTT timer. After DRX RTT timer expires, UE will not start DRX retransmission timer if the corresponding MAC PDU is decoded successfully. (Same as the current MAC running CR, no further change)
· P5. If HARQ-ACK feedback is disabled or not configured, HARQ RTT timer is not started


The MAC specification just uses “transmission” and did not differentiate the case that HARQ feedback is not transmitted. This assumes “transmission” is interpreted as actual transmission.
Observation 4. In Rel-17 MBS’ NACK-only HARQ feedback, “transmission” is interpreted as actual transmission.
	[Excerpt from TS 38.321]
When multicast DRX is configured for a G-RNTI or G-CS-RNTI, and the cfr-ConfigMulticast is configured for at least one of the active BWP(s) of the Serving Cell(s), the MAC entity shall for this G-RNTI or G-CS-RNTI:
…
1>	if the MAC entity is in Active Time for this G-RNTI or G-CS-RNTI:
[bookmark: OLE_LINK1]2>	monitor the PDCCH for this G-RNTI or G-CS-RNTI as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL multicast transmission:
3>	if HARQ feedback is enabled:
4>	start the drx-HARQ-RTT-TimerDL-PTM for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;


Summary
Table 1 summaries the observations on how different features interpret “transmission” differently. It seems that RAN2 needs to clarify the MAC specification to fix the inconsistency.
Table 1. Interpretation of “transmission” over multiple releases of NR
	Release
	WI
	Interpretation

	Rel-15
	Legacy NR
	actual transmission

	Rel-16
	IIOT
	actual transmission

	Rel-16
	NR-U
	virtual transmission

	Rel-17
	MBS
	actual transmission

	Rel-17
	TEI17 drx-LastTransmissionUL
	virtual transmission



Proposed Change
Rel-15 text assumes that “transmission” is literally interpreted as actual transmission. In this context, it is preferred to keep this interpretation in the specification. For NR-U and TEI17 features, we may need some clarification to specify the timer start point after the virtual transmission. At the same time, a simple clarification is preferred as it is not desirable to reorganize the legacy texts with many changes.
For the TEI17 feature, the definition of drx-LastTransmissionUL can be changed similar to the TP in R2-2401517 [2]. Other procedure part in DRX section is related to other legacy features. Change to for example PUSCH occasion may have impact to legacy behavior.
	-	drx-LastTransmissionUL (optional): the configuration to start drx-HARQ-RTT-TimerUL after the last transmission PUSCH occasion within a bundle;


Proposal 1. The definition of drx-LastTransmissionUL is clarified that drx-HARQ-RTT-TimerUL is started after the last PUSCH occasion.
Another part requiring the clarification is Rel-16 NR-U. Unfortunately, there is no NR-U specific definition captured in the MAC specification. A simple clarification could be a NOTE, e.g.
	2>	if the PDCCH indicates a UL transmission:
3>	if this Serving Cell is configured with uplinkHARQ-Mode:
4>	if the corresponding HARQ process is configured as HARQModeA:
5>	set HARQ-RTT-TimerUL-NTN for the corresponding HARQ process equal to drx-HARQ-RTT-TimerUL plus the latest available UE-gNB RTT value;
5>	if drx-LastTransmissionUL is configured:
6>	start the HARQ-RTT-TimerUL-NTN for the corresponding HARQ process in the first symbol after the end of the last transmission (within a bundle) of the corresponding PUSCH transmission.
5>	else:
6>	start the HARQ-RTT-TimerUL-NTN for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.
3>	else:
4>	if drx-LastTransmissionUL is configured:
5>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the last transmission (within a bundle) of the corresponding PUSCH transmission.
4>	else:
5>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.
NOTE 3x: If the PDCCH indicates a UL transmission and LBT failure indication is received from lower layers, the MAC entity may start drx-HARQ-RTT-TimerUL after the end of the first or last PUSCH occasion (within a bundle) based on configuration.


Proposal 2. A NOTE is added to clarify that in case of LBT failure drx-HARQ-RTT-TimerUL is started after the PUSCH occasion (not actual transmission).
Similarly, a NOTE for drx-HARQ-RTT-TimerDL needs to be added as follows:
	When DRX is configured, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment for unicast:
2>	if this Serving Cell is configured with downlinkHARQ-FeedbackDisabled:
3>	if the corredrsponding HARQ process is configured with HARQ feedback enabled:
4>	set HARQ-RTT-TimerDL-NTN for the corresponding HARQ process equal to drx-HARQ-RTT-TimerDL plus the latest available UE-gNB RTT value;
4>	start the HARQ-RTT-TimerDL-NTN for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback.
2>	else:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback.
NOTE 1a:	Void.
NOTE 1b:	Void.
NOTE 1c: If LBT failure indication is received from lower layers, the MAC entity may start drx-HARQ-RTT-TimerDL after the end of the corresponding transmission occasion of DL HARQ feedback.


Proposal 3. A NOTE is added to clarify that in case of LBT failure drx-HARQ-RTT-TimerDL is started after the PUCCH occasion (not actual transmission).
Conclusion
RAN2 is requested to discuss and agree the following proposals:
Proposal 1. The definition of drx-LastTransmissionUL is clarified that drx-HARQ-RTT-TimerUL is started after the last PUSCH occasion.
Proposal 2. A NOTE is added to clarify that in case of LBT failure drx-HARQ-RTT-TimerUL is started after the PUSCH occasion (not actual transmission).
Proposal 3. A NOTE is added to clarify that in case of LBT failure drx-HARQ-RTT-TimerDL is started after the PUCCH occasion (not actual transmission).
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