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Introduction
The open issues for multicast reception in RRC_INACTIVE are discussed: 
· Resume threshold
· Initial PTM configuration
· Frequency prioritization
· UE capabilities
And further improvements are discussed for:
· PTM DRX
· PTM configuration change
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Open issues
Resume threshold 
RAN2 agreed that no TTT is introduced for the resume threshold. Companies think that the gNB can somehow resolve the issue when the UE would trigger the resume too quickly, e.g. the radio link is not as bad as the UE thought it was. When the radio conditions rapidly change, then there is a need for L3 filtering to avoid premature and frequent triggering of the resume procedure. The absence of a TTT may lead to increased and unnecessary signalling during congestion which should be avoided:
Proposal 1: The gNB can configure a TTT for the resume threshold.
The resume threshold can be included in the RRCRelease and MCCH (to indicate a change). However it is not possible to configure UE specific thresholds in the RRCRelease, i.e. the thresholds are cell specific. RAN2 agreed that the threshold can be configured per MBS session. However there can be up to 64 sessions and there is no need for up to 64 different thresholds. However a single threshold per cell is too restrictive, i.e. it is beneficial to have some differentiation between sessions: 
Proposal 2: maxNrofThresholdMBS = 4. 
Initial PTM configuration
In case the (initial) PTM configuration can only be provided by the gNB via RRCRelease, then the gNB can ensure that the UE only receives the PTM configuration for a session that the UE has joined.
However RAN2 agreed that the MCCH can be used:
· for PTM configuration change
· to obtain the PTM configuration after cell re-selection 
Some concern has been raised that the UE may acquire the PTM configuration from MCCH when the UE did not join the multicast session. This can be enforced by the gNB when MCCH is not configured. When the MCCH is configured higher layer security can prevent a UE that did not join the session to receive the content of that session. 
Proposal 3: When MCCH is configured the gNB cannot control that a UE that did not join the multicast session obtains the PTM configuration of that session.
Frequency prioritization
The Rel-17 MBS broadcast frequency prioritization is used to “start” broadcast reception, i.e. to re-select to the MBS broadcast frequency. The NCL info is used to “continue” reception. But the Rel-18 use case is different. The UE typically starts multicast reception in RRC_CONNECTED, and the UE may be released to RRC_INACTIVE to continue reception when there is extreme congestion. It is not clear when the use case occurs when the UE starts multicast reception in RRC_INACTIVE. The UE always has to go to RRC_CONNECTED mode and join the multicast session first. 
If there is a choice the UE prefers to receive multicast in RRC_CONNECTED, i.e. the UE does not prefer to re-select to a frequency where it can receive multicast in RRC_INACTIVE with reduced QoS. Multicast reception in RRC_INACTIVE for power saving reasons is not supported. 
The UE does not expect to be released when the serving frequency does not enable the UE to continue multicast reception. 
Congestion is not expected to happen on certain frequencies, i.e. multicast reception in RRC_INACTIVE is not expected to be configured on a specific frequency. 
Congestion may occur when there is a high number of mission critical UEs in a specific geographical area. But the UE expects to be released to RRC_INACTIVE only when RRC_CONNECTED is congested on all the other frequencies, and multicast reception is configured on all frequencies. In such use case frequency prioritization is not needed. 
So we think that the use case for frequency prioritization does not exist or is very rare. Furthermore the wanted behavior is not that the UE re-selects to a frequency where it can receive multicast in RRC_INACTIVE, but it is preferred to receive multicast in RRC_CONNECTED.  
Finally, if multicast reception in RRC_INACTIVE is not enabled this is an indication that the gNB is not congested. If the UE re-selected to the cell when the session is active, then this triggers the UE to resume because it does not have a valid configuration of the cell. If the UE re-selected to the cell when the session is inactive, then the UE will be group paged when the session is activated. 
Theoretically, there could be congestion on all frequencies, i.e. multicast reception is enabled on all frequencies, but not all sessions are supported on all frequencies. We think this is a rare case, and instead of enabling frequency prioritization the network could provide all sessions on all frequencies.
RAN2 agreed that dedicated frequencies in RRCRelease can be used by the NW, as legacy. We do not see the need for further enhancements:
Proposal 4: No further enhancements to frequency prioritization are needed. 
UE capabilities (multicast reception in RRC_CONNECTED and RRC_INACTIVE)
It requires further clarification which UE capabilities for multicast reception in RRC_CONNECTED do and do not apply for RRC_INACTIVE (when the UE indicates to support multicast reception in RRC_INACTIVE). This may impact whether the same resources can be used in both RRC_CONNECTED and RRC_INACTIVE, and how the UE is able to continue the MRB after transition into RRC_INACTIVE. When the same resources and configuration is used, then this may require a reconfiguration of the connected mode PTM configuration (e.g. due to MIMO) before UEs can be released to RRC_INACTIVE (interrupting UEs in RRC_CONNECTED). 
UE capabilities to consider further are for example: modulation, additional #MRBs and max #G-RNTIs. RedCap UEs supporting MBS multicast specifically: max #DRBs/MRBs and ROCH support.
Improvements
PTM DRX
With unicast DRX a short DRX cycle can optionally be configured in addition to the long DRX cycle. When short DRX is configured and there are no more UL/DL transmissions and the drx-InactivityTimer expires, then the UE enters short DRX first and the drx-ShortCycleTimer is started. When there are no further UL/DL transmissions and the drx-ShortCycleTimer expires the UE enters long DRX. Having two DRX cycles enables the NW to configure a longer long DRX cycle, and provide better power saving, while retaining responsiveness when the short DRX cycle is running. 
For MBS multicast, when a session is deactivated the gNB may release the UEs to RRC_IDLE or RRC_INACTIVE, and when the session is activated again, there is group paging to get the UEs back to RRC_CONNECTED. Furthermore the gNB may release a UE to RRC_INACTIVE when the session is active and there is data-inactivity. The gNB then triggers RAN group paging when there is new multicast data. The UE enjoys improved UE power savings in RRC_IDLE/RRC_INACTIVE mainly because a longer DRX cycle is configured in those states compared to RRC_INACTIVE (e.g. paging DRX cycle of 1.28 sec / 640 ms compared to 160 ms cDRX LongCycle).
However there is paging, random access and setup/resume signalling required to enable these RRC state transitions. A session may be activated any time after it has been deactivated, and new multicast data may arrive at any time. It depends on the traffic characteristics (i.e. inactivity period distribution) and the power consumption during RRC state transition whether RRC state transition is beneficial or not. Furthermore a special UE is preferred to be kept in RRC_CONNECTED. And for mission critical UEs it may not be possible to release the UEs due to latency/loss requirements: 
Observation: In some cases it is not beneficial or not possible to release the UEs when a session is deactivated or when there is data-inactivity. 
Therefore it is beneficial when the UEs can drop into a PTM DRX state that is more power efficient:
Please note that the existing PTM DRX cycle is called drx-LongCyclePTM: 
Proposal 5: Introduce the following PTM DRX parameters:
· drx-ShorteronDurationTimerPTM (optional): 	duration at the beginning of a longer DRX cycle
· drx-LongerCyclePTM (optional): 		longer DRX cycle
· drx-LongerCycleTimerPTM (optional):	timer until the UE drops into longer DRX cycle
A TP to 38.321 and 38.331 is provided for further discussion and agreement.
PTM configuration change
The PTM configuration is not expected to change often, if at all. If needed, the PTM configuration can be changed (in a synchronized fashion at the modification period boundary) via MCCH for UEs in RRC_INACTIVE. 
RAN2 agreed that UEs in RRC_CONNECTED mode do not rely on the MCCH for the PTM configuration (change). The PTM configuration for connected mode UEs is changed via RRCReconfiguration. 
This complicates a synchronized PTM configuration change for UEs in RRC_CONNECTED and RRC_INACTIVE when shared resources are used. 
Furthermore in case the PTM configuration needs to be changed for a large number of UE in RRC_CONNECTED, then the gNB needs to transmit and process RRCReconfiguration and RRCReconfigurationComplete messages for perhaps thousands of UEs simultaneously. Due to the delay to reconfigure all UEs this may cause a noticeable interruption at the UE side.
Synchronization between connected and inactive PTM change can be achieved by configuring an activation time for the PTM configuration in RRCReconfiguration message that coincides with the modification period boundary on the MCCH. An activation time also enables a synchronized change for a large number of UEs in connected mode: 
Proposal 6: The mrb-ActivationTime IE (OP) in MRB-ToAddMod-r17 IE indicates when the UE applies the new MRB configuration (SFN), otherwise the UE applies the configuration “now”. 
The mrb-ActivationTime IE could be defined as x LSBs of the SFN. 
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Open issues:
Proposal 1: The gNB can configure a TTT for the resume threshold.
Proposal 2: maxNrofThresholdMBS = 4. 
Proposal 3: When MCCH is configured the gNB cannot control that a UE that did not join the multicast session obtains the PTM configuration of that session.
Proposal 4: No further enhancements to frequency prioritization are needed. 
Further improvements:
Proposal 5: Introduce the following PTM DRX parameters:
· drx-ShorteronDurationTimerPTM (optional): 	duration at the beginning of a longer DRX cycle
· drx-LongerCyclePTM (optional): 		longer DRX cycle
· drx-LongerCycleTimerPTM (optional):	timer until the UE drops into longer DRX cycle
Proposal 6: The mrb-ActivationTime IE (OP) in MRB-ToAddMod-r17 IE indicates when the UE applies the new MRB configuration (SFN), otherwise the UE applies the configuration “now”. 
Annex: TPs PTM DRX
TP 38.321
5.7b	Discontinuous Reception (DRX) for MBS Multicast
For MBS multicast, the MAC entity may be configured by RRC with a DRX functionality per G-RNTI or per G-CS-RNTI that controls the UE's PDCCH monitoring activity for the MAC entity's G-RNTI(s) and G-CS-RNTI(s) as specified in TS 38.331 [5]. When in RRC_CONNECTED, if multicast DRX is configured for a G-RNTI or G-CS-RNTI, the MAC entity is allowed to monitor the PDCCH for this G-RNTI or G-CS-RNTI discontinuously using the multicast DRX operation specified in this clause; otherwise the MAC entity monitors the PDCCH for this G-RNTI or G-CS-RNTI as specified in TS 38.213 [6]. The multicast DRX operation specified in this clause is performed independently for each G-RNTI or G-CS-RNTI and independently from the DRX operation specified in clauses 5.7 and 5.7a.
RRC controls multicast DRX operation per G-RNTI or per G-CS-RNTI by configuring the following parameters:
-	drx-onDurationTimerPTM: the duration at the beginning of a Long DRX cycle;
-	drx-ShorteronDurationTimerPTM (optional): the duration at the beginning of a Longer DRX cycle;
-	drx-SlotOffsetPTM: the delay before starting the drx-onDurationTimerPTM;
-	drx-InactivityTimerPTM: the duration after the PDCCH occasion in which a PDCCH indicates a new DL multicast transmission for the MAC entity;
-	drx-LongCycleStartOffsetPTM: the long DRX cycle drx-LongCycle-PTM and drx-StartOffset-PTM which defines the subframe where the long DRX cycle starts;
-	drx-LongerCyclePTM (optional): the Longer DRX; 
-	drx_LongerCycleTimerPTM (optional): the duration the UE shall follow the Long DRX cycle;
-	drx-RetransmissionTimerDL-PTM (per DL HARQ process for MBS multicast): the maximum duration until a DL multicast retransmission is received;
-	drx-HARQ-RTT-TimerDL-PTM (per DL HARQ process for MBS multicast): the minimum duration before a DL multicast assignment for HARQ retransmission is expected by the MAC entity.
When multicast DRX is configured for a G-RNTI or G-CS-RNTI, the Active Time includes the time while:
-	drx-onDurationTimerPTM or drx-ShorteronDurationTimerPTM or drx-InactivityTimerPTM or drx-RetransmissionTimerDL-PTM for this G-RNTI or G-CS-RNTI is running.
When multicast DRX is not 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), and unicast DRX is configured, the MAC entity shall for this G-RNTI or G-CS-RNTI:
1>	monitor the PDCCH as specified in TS 38.213 [6];
1>	if the PDCCH addressed to G-RNTI indicates a DL multicast transmission; or
1>	if the PDCCH addressed to G-CS-RNTI indicates a DL multicast transmission and CS-RNTI is configured; or
1>	if a MAC PDU is received in a configured downlink multicast assignment and CS-RNTI is configured:
2>	if the first HARQ-ACK reporting mode (i.e. ack-nack) is used as specified in TS 38.213 [6]; and
2>	if HARQ feedback is enabled:
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 for the corresponding HARQ process.
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 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>	if the first HARQ-ACK reporting mode (i.e. ack-nack) is used as specified in TS 38.213 [6]; and
3>	if CS-RNTI is configured:
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.
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 indicated by PDCCH addressed to a G-RNTI or G-CS-RNTI, or by a configured downlink multicast assignment is received:
2>	if the Longer DRX cycle is used:
3>	stop drx-ShorteronDurationTimerPTM of the DRX for this G-RNTI or G-CS-RNTI, or the corresponding G-CS-RNTI.
2>	else:
32>	stop drx-onDurationTimerPTM of the DRX for this G-RNTI or G-CS-RNTI, or the corresponding G-CS-RNTI;
2>	stop drx-InactivityTimerPTM of the DRX for this G-RNTI or G-CS-RNTI, or the corresponding G-CS-RNTI.
2>	use the Long DRX cycle.
2>	if the Longer DRX cycle is configured: 
3>	start or restart drx-LongerCycleTimerPTM in the first symbol after the end of DRX Command MAC CE reception;
1>	if drx-InactivityTimer expires:
2>	use the Long DRX cycle.
2>	if the Longer DRX cycle is configured:
3>	start or restart drx-LongerCycleTimerPTM in the first symbol after the expiry of drx-InactivityTimer;
1>	if drx-LongerCycleTimerPTM expires:
2>	use the Longer DRX cycle.
1>	if the Longer DRX cycle is configured:
2>	if [(SFN × 10) + subframe number] modulo (drx-LongerCyclePTM) = drx-StartOffset-PTM:
3>	start drx-ShorteronDurationTimerPTM after drx-SlotOffsetPTM from the beginning of the subframe.
2>	else:
31>	if [(SFN × 10) + subframe number] modulo (drx-LongCycle-PTM) = drx-StartOffset-PTM:
42>	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:
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>	if the first HARQ-ACK reporting mode (i.e. ack-nack) is used as specified in TS 38.213 [6]:
5>	if the PDCCH addressed to G-RNTI indicates a DL multicast transmission; or
5>	if the PDCCH addressed to G-CS-RNTI indicates a DL multicast transmission and CS-RNTI is configured:
6>	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 1:	A PDCCH indicating activation of multicast SPS is considered to indicate a new transmission.
NOTE 2:	The UE may start the drx-HARQ-RTT-TimerDL after receiving a PTM transmission only if ptp-Retx-Multicast or ptp-Retx-SPS-Multicast was included in the UECapabilityInformation message to network.
The MAC entity needs not to monitor the PDCCH for a G-RNTI or a G-CS-RNTI if it is not a complete PDCCH occasion (e.g. the Active Time for a G-RNTI or a G-CS-RNTI starts or ends in the middle of a PDCCH occasion).
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TP 38.331
MBSMulticastConfiguration-r18-IEs ::= SEQUENCE {
    mbs-SessionInfoList-r18               MBS-SessionInfoListMulticast-r18                                     OPTIONAL,   -- Need R
    mbs-NeighbourCellList-r18             MBS-NeighbourCellList-r17                                            OPTIONAL,   -- Need S
    drx-ConfigPTM-List-r18                SEQUENCE (SIZE (1..maxNrofDRX-ConfigPTM-r17)) OF DRX-ConfigPTM-r187   OPTIONAL,   -- Need R
    pdsch-ConfigMTCH-r18                  PDSCH-ConfigBroadcast-r17                                            OPTIONAL,   -- Need S
    mtch-SSB-MappingWindowList-r18        MTCH-SSB-MappingWindowList-r17                                       OPTIONAL,   -- Need R
    thresholdMBS-List-r18                 SEQUENCE (SIZE (1..maxNrofThresholdMBS-r18)) OF ThresholdMBS-r18     OPTIONAL,   -- Need R
    lateNonCriticalExtension              OCTET STRING                                                         OPTIONAL,
    nonCriticalExtension                  SEQUENCE {}                                                          OPTIONAL
}

[bookmark: _Toc146781690]–	DRX-ConfigPTMExt
The IE DRX-Config-PTM is used to configure DRX related parameters for PTM transmission in MBSMulticastConfiguration message as specified in TS 38.321 [3].
DRX-Config-PTMExt information element
-- ASN1START
-- TAG-DRX-CONFIGPTM-START

DRX-ConfigPTM-r18 ::=             SEQUENCE {
    drx-ConfigPTM-r18              DRX-ConfigPTM-r17,
    drx-ShorteronDurationTimerPTM-r18        CHOICE {
        subMilliSeconds                   INTEGER (1..31),
        milliSeconds                      ENUMERATED {
            ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60,
            ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,
            ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1
        }
    },
    longerDRXPTM-r18                            SEQUENCE {
        drx-LongerCyclePTM-r18                   ENUMERATED  {
                                                   ms10, ms14, ms16, ms20, ms30, ms32, ms35, ms40, ms64, ms80, ms128, ms160,
                                                   ms256, ms320, ms512, ms640, ms1024, ms1280, ms2048, ms2560, ms5120, ms10240 },
        drx-LongerCycleTimerPTM-r18              INTEGER (1..16)
    }                                                                        OPTIONAL
}

-- TAG-DRX-CONFIGPTM-STOP
-- ASN1STOP

	DRX-Config-PTM field descriptions

	drx-ShorteronDurationTimerPTM
Value in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). For the latter, value ms1 corresponds to 1 ms, value ms2 corresponds to 2 ms, and so on.

	drx-LongerCyclePTM
Value in ms. ms10 corresponds to 10 ms, ms14 corresponds to 14 ms, and so on.

	drx-LongerCycleTimerPTM
Value in multiples of drx-LongCycle-PTM in drx-ConfigPTM-r18. A value of 1 corresponds to drx-LongCycle-PTM, a value of 2 corresponds to 2 * drx-LongCycle-PTM and so on.
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