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1	Introduction
In this contribution, we will discuss the following issues related to DRX and HARQ buffer handling:
· Incorrect pre-condition of RTT timer start and retransmission timer stop, e.g., configuration of unicast DRX or multicast DRX 
· Unnecessary start of drx-HARQ-RTT-TimerDL in case UE does not support PTP retransmission
· Handling for MBS broadcast HARQ buffer 
2 Discussion
2.1  Incorrect pre-condition of RTT timer start and retransmission timer stop
In previous RAN2 meetings, we agreed the following:
· When UE receives PTM transmission for a HARQ process, it will start drx-HARQ-RTT-TimerDL for this HARQ process.
· When UE receives PTM transmission for a HARQ process, it will stop drx-RetransmissionTimerDL for this HARQ process.
· When UE receives unicast transmission for a HARQ process, it will stop drx-RetransmissionTimerDL-PTM for this HARQ process.
	RAN2#118 e-meeting agreement:
· When MAC PDU or PDCCH for unicast is received, stop both drx-RetransmissionTimerDL and drx-RetransmissionTimerDL-PTM in section 5.7 if multicast DRX is configured.
· Stopping drx-RetransmissionTimerDL always regardless of HARQ feedback enabling. FFS for drx-RetransmissionTimerDL-PTM.



1) Start of drx-HARQ-RTT-TimerDL and stop of drx-RetransmissionTimerDL 
When UE receives PTM transmission for a HARQ process:
· on the one hand, in order to ensure that UE can receive PTM retransmission via C-RNTI, it will start drx-HARQ-RTT-TimerDL for this HARQ process. 
· on the other hand, in order to save power, it will stop drx-RetransmissionTimerDL for this HARQ process.
However, according to the current specification, there is an incorrect pre-condition for the start of drx-HARQ-RTT-TimerDL and the stop of drx-RetransmissionTimerDL as highlighted below:
	5.7b	Discontinuous Reception (DRX) for MBS Multicast
……
When multicast DRX is configured for a G-RNTI or G-CS-RNTI, the MAC entity shall for this G-RNTI or G-CS-RNTI:
1>	if a MAC PDU is received in a configured downlink multicast assignment:
2>	if HARQ feedback is enabled:
3>	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;
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>	stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process;
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
……
1>	if the MAC entity is in Active Time for this G-RNTI or G-CS-RNTI:
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;
4>	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.
3>	stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.


The incorrect pre-condition is “When multicast DRX is configured for a G-RNTI or G-CS-RNTI”. In this case, if the multicast DRX is not configured for the G-RNTI or G-CS-RNTI, even if UE receives a PTM transmission for a G-RNTI or G-CS-RNTI:
· the UE will not start drx-HARQ-RTT-TimerDL for the corresponding HARQ process. This will make the UE incapable to receive PTM retransmission via C-RNTI until the next on duration of unicast DRX. 
· the UE will not stop drx-RetransmissionTimerDL for the corresponding HARQ process. This will result in extra power consuming.
In fact, the behaviour of unicast DRX timers shouldn’t depend on the configuration of multicast DRX. 
Proposal 1: The behaviour of unicast DRX timers doesn’t depend on the configuration of multicast DRX, i.e. start of drx-HARQ-RTT-TimerDL and the stop of drx-RetransmissionTimerDL.
2) Stop of drx-RetransmissionTimerDL-PTM
In order to save power, when UE receives unicast transmission for a HARQ process, it will stop drx-RetransmissionTimerDL-PTM for this HARQ process. However, according to the current specification, there is an incorrect pre-condition for the stop of drx-RetransmissionTimerDL-PTM as highlighted below:
	5.7	Discontinuous Reception (DRX)
……
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 corresponding 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.
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process;
2>	stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process.
……
1>	if a DRX group is in Active Time:
2>	monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission; or
2>	if the PDCCH indicates a one-shot HARQ feedback as specified in clause 9.1.4 of TS 38.213 [6]; or
2>	if the PDCCH indicates a retransmission of HARQ feedback as specified in clause 9.1.5 of TS 38.213 [6]:
3>	if this Serving Cell is configured with downlinkHARQ-FeedbackDisabled:
4>	if the corresponding HARQ process is configured with HARQ feedback enabled:
5>	set HARQ-RTT-TimerDL-NTN for the corresponding HARQ process equal to drx-HARQ-RTT-TimerDL plus the latest available UE-gNB RTT value;
5>	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.
3>	else:
4>	start or restart the drx-HARQ-RTT-TimerDL for the corresponding HARQ process(es) whose HARQ feedback is reported in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback.
NOTE 3:	When HARQ feedback is postponed by PDSCH-to-HARQ_feedback timing indicating an inapplicable k1 value, as specified in TS 38.213 [6], the corresponding transmission opportunity to send the DL HARQ feedback is indicated in a later PDCCH requesting the HARQ-ACK feedback.
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process(es) whose HARQ feedback is reported;
3>	stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process;


The incorrect pre-condition is “When DRX is configured”. In this case, if unicast DRX is not configured, even if UE receives a unicast transmission, it will not stop drx-RetransmissionTimerDL-PTM for the corresponding HARQ process, which will cause UE power waste. Similarly, the behaviour of multicast DRX timers shouldn’t depend on the configuration of unicast DRX.
Proposal 2: The behaviour of multicast DRX timers doesn’t depend on the configuration of unicast DRX, i.e. the stop of drx-RetransmissionTimerDL-PTM. 
2.2   Unnecessary start of drx-HARQ-RTT-TimerDL in case UE does not support PTP retransmission
In previous RAN2 meetings, the following agreement was reached. 
	RAN2#116bis e-meeting agreement:
· In PTP for PTM retransmission, the UE monitors UE specific PDCCH/C-RNTI only during unicast DRX’s active time. Unicast DRX’s RTT timer can be started when PTP retransmission is expected.


However, in the current specification, the highlighted part is not reflected. In addition, for PTM retransmission via C-RNTI, RAN1 defines two optional UE capability: 33-2d (PTP retransmission for multicast dynamic scheduling) and 33-5-1d (PTP retransmission for SPS group-common PDSCH for multicast). 
According to the current specification, even if UE does not support PTM retransmission via C-RNTI, the UE still start drx-HARQ-RTT-TimerDL for the corresponding HARQ process after receiving a PTM transmission, which will cause UE power waste.
Therefore, we propose RAN2 to clarify that UE doesn’t need to start drx-HARQ-RTT-TimerDL for the corresponding HARQ process after receiving a PTM transmission if UE does not support PTM retransmission via C-RNTI.
Proposal 3: Clarify that the UE doesn’t need to start drx-HARQ-RTT-TimerDL after receiving a PTM transmission if the UE does not support PTM retransmission via C-RNTI.
2.3   Handling for MBS broadcast HARQ buffer
In the last meeting [3], the handling of MBS broadcast HARQ buffer after timeAlignmentTimer expires was discussed, but no conclusion was reached. In current specification, when a timeAlignmentTimer expires, UE flushes all HARQ buffers.
	[bookmark: _Toc109217536][bookmark: _Toc52796468][bookmark: _Toc52752006][bookmark: _Toc46490311][bookmark: _Toc37296185][bookmark: _Toc29239826]5.2	Maintenance of Uplink Time Alignment
……
The MAC entity shall:
……
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
….
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
…


Due to the following two reasons, we think that in above description, the “all HARQ buffers” means only HARQ buffers for UL.
· Reason 1: From a terminology perspective, terminology “soft buffer” is used for DL and terminology “HARQ buffer” is used for UL in MAC specification.
· Reason 2: As specified below, for DL assignment reception, the condition of timeAlignmentTimer running is not considered, while for UL grant reception, it is (highlighted). That is to say, whether timeAlignmentTimer expires does not affect DL assignment reception.
	5.3.1	DL Assignment reception
Downlink assignments received on the PDCCH both indicate that there is a transmission on a DL-SCH for a particular MAC entity and provide the relevant HARQ information.
When the MAC entity has a C-RNTI, Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion during which it monitors PDCCH and for each Serving Cell:
1> if a downlink assignment for this PDCCH occasion and this Serving Cell has been received on the PDCCH for the MAC entity's C-RNTI, or Temporary C‑RNTI, or G-RNTI configured for multicast MTCH:
......
[bookmark: _Toc109217545][bookmark: _Toc52796476][bookmark: _Toc52752014][bookmark: _Toc46490319][bookmark: _Toc37296193][bookmark: _Toc29239834]5.4.1	UL Grant reception
Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, configured semi-persistently by RRC or determined to be associated with the PUSCH resource of MSGA as specified in clause 5.1.2a. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the MAC layer receives HARQ information from lower layers. An uplink grant addressed to CS-RNTI with NDI = 0 is considered as a configured uplink grant. An uplink grant addressed to CS-RNTI with NDI = 1 is considered as a dynamic uplink grant.
If the MAC entity has a C-RNTI, a Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer or a running cg-SDT-TimeAlignmentTimer and for each grant received for this PDCCH occasion:
1>	if an uplink grant for this Serving Cell has been received on the PDCCH for the MAC entity's C-RNTI or Temporary C-RNTI; or
1>	if an uplink grant has been received in a Random Access Response:
……


Observation 1: In current specification, when a timeAlignmentTimer expires, UE only flushes HARQ buffers for UL. 
So, no specification change is needed for MBS broadcast when a timeAlignmentTimer expires.
Proposal 4: No specification change is needed for MBS broadcast when a timeAlignmentTimer expires. 
3	Conclusions
In this contribution, we discussed the issues for MAC. Based on our discussion, we conclude with the following observation and proposals:
Proposal 1: The behaviour of unicast DRX timers doesn’t depend on the configuration of multicast DRX, i.e. start of drx-HARQ-RTT-TimerDL and the stop of drx-RetransmissionTimerDL.
Proposal 2: The behaviour of multicast DRX timers doesn’t depend on the configuration of unicast DRX, i.e. the stop of drx-RetransmissionTimerDL-PTM. 
Proposal 3: Clarify that the UE doesn’t need to start drx-HARQ-RTT-TimerDL after receiving a PTM transmission if the UE does not support PTM retransmission via C-RNTI.

Observation 1: In current specification, when a timeAlignmentTimer expires, UE only flushes HARQ buffers for UL. 
Proposal 4: No specification change is needed for MBS broadcast when a timeAlignmentTimer expires. 
The corresponding text proposal for Proposal 1-2 is provided in the Annex.
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*****Text omitted*****
When DRX is configured or when multicast DRX is configured, the MAC entity shall:
NOTE 0:	The operations related to unicast DRX timers are performed only if unicast DRX is configured, and the operations related to multicast DRX timers are performed only if multicast DRX is configured.
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 corresponding 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.
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process;
2>	stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process.
*****Text omitted*****
1>	if a DRX group is in Active Time:
2>	monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission; or
2>	if the PDCCH indicates a one-shot HARQ feedback as specified in clause 9.1.4 of TS 38.213 [6]; or
2>	if the PDCCH indicates a retransmission of HARQ feedback as specified in clause 9.1.5 of TS 38.213 [6]:
3>	if this Serving Cell is configured with downlinkHARQ-FeedbackDisabled:
4>	if the corresponding HARQ process is configured with HARQ feedback enabled:
5>	set HARQ-RTT-TimerDL-NTN for the corresponding HARQ process equal to drx-HARQ-RTT-TimerDL plus the latest available UE-gNB RTT value;
5>	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.
3>	else:
4>	start or restart the drx-HARQ-RTT-TimerDL for the corresponding HARQ process(es) whose HARQ feedback is reported in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback.
NOTE 3:	When HARQ feedback is postponed by PDSCH-to-HARQ_feedback timing indicating an inapplicable k1 value, as specified in TS 38.213 [6], the corresponding transmission opportunity to send the DL HARQ feedback is indicated in a later PDCCH requesting the HARQ-ACK feedback.
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process(es) whose HARQ feedback is reported;
3>	stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process;
3>	if the PDSCH-to-HARQ_feedback timing indicate an inapplicable k1 value as specified in TS 38.213 [6]:
4>	start the drx-RetransmissionTimerDL in the first symbol after the (end of the last) PDSCH transmission (within a bundle) for the corresponding HARQ process.
*****Text omitted*****
[bookmark: _Toc109217564]5.7b	Discontinuous Reception (DRX) for MBS Multicast
*****Text omitted*****
When multicast DRX is configured for a G-RNTI or G-CS-RNTI or when unicast DRX is configured, the MAC entity shall for this G-RNTI or G-CS-RNTI:
NOTE 0:	The operations related to unicast DRX timers are performed only if unicast DRX is configured, and the operations related to multicast DRX timers are performed only if multicast DRX is configured.
1>	if a MAC PDU is received in a configured downlink multicast assignment:
2>	if HARQ feedback is enabled:
3>	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;
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>	stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process;
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>	if a drx-HARQ-RTT-TimerDL-PTM expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL-PTM.
1>	if a DRX Command MAC CE with DCI scrambled with a G-RNTI is received:
2>	stop drx-onDurationTimerPTM of the DRX for this G-RNTI;
2>	stop drx-InactivityTimerPTM of the DRX for this G-RNTI.
1>	if [(SFN × 10) + subframe number] modulo (drx-LongCycle-PTM) = drx-StartOffset-PTM:
2>	start drx-onDurationTimerPTM after drx-SlotOffsetPTM from the beginning of the subframe.
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;
4>	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.
3>	stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2>	if the PDCCH indicates a new multicast transmission for this G-RNTI or G-CS-RNTI:
3>	start or restart drx-InactivityTimerPTM in the first symbol after the end of the PDCCH reception.
NOTE:	A PDCCH indicating activation of multicast SPS is considered to indicate a new transmission.
The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or ends in the middle of a PDCCH occasion.
