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Introduction
In this contribution the reception of multicast (aka delivery mode 1) in Inactive and Idle mode is discussed further. 
[bookmark: _Toc242573354]Background
RAN2#112-e
RAN2 discussed reception of broadcast (aka delivery mode 2, “low” QoS) and multicast (aka delivery mode 1, high QoS) in different RRC states and agreed the following:
For Rel-17, R2 specifies two modes: 
	1: One delivery mode for high QoS (reliability, latency) requirement, to be available in CONNECTED (possibly the UE can switch to other states when there is no data reception TBD)
	2: One delivery mode for “low” QoS requirement, where the UE can also receive data in INACTIVE/IDLE (details TBD).
	R2 assumes (for R17) that delivery mode 1 is used only for multicast sessions. 
	R2 assumes that delivery mode 2 is used for broadcast sessions. 
	The applicability of delivery mode 2 to multicast sessions is FFS.
UE receives the MBS configuration (for broadcast/delivery mode 2) by BCCH and/or MCCH (TBD), and this can be received in Idle / Inactive mode. Connected mode FFS (dep on UE cap and where service is provided etc). A notification mechanism is used to announce the change of MBS Control information.

RAN2 agreed that multicast can be received in connected (FFS multicast reception in idle/inactive). And RAN2 agreed that broadcast can be received in idle and inactive (FFS broadcast reception connected). These aspects are also further discussed in email discussion #069 before this meeting:
[Post112-e][069][MBS] Delivery mode 2 (MediaTek)
	Scope: Progress on solutions CP focus: MCCH or not for PTM configuration. PTM configuration change notification.
	Intended outcome: Report with agreeable proposals / identified open issues
	Deadline: Long
Discussion
SA6 use case
SA6 has studied different aspects of mission critical services over 5G [1, 2]. In particular SA6 has urged RAN2 to consider the use case to support a large number of mission critical UEs in the cells [3]: 
3. The 5G system would support multicast service to a large number of UEs in a cell, which may exceed the normal admission control limits for the cell. An example of  approach under SA6’s consideration  is using intra-cell service continuity on multicast bearers from connected mode to other mode(s) of operation (e.g. idle). The UE, RAN and Core Network would be capable of quickly and temporarily reconnecting the UE, triggered by user request or inter-cell mobility.
SA6 has considered to continue reception of multicast, using the connected mode configuration, in idle mode when there is congestion (i.e. a large number of UEs) in connected mode (see section 7.3 in 23.772 [1]):
Observation 1: SA6 urged RAN2 to support a large number of UEs in the cell for multicast reception.
NOTE: When SA6 uses the term “multicast” then SA6 refers to PTM reception either via broadcast or multicast. But for this use case SA6, when the admission control limits are reached, SA6 refers to the multicast use case discussed in RAN2/SA2. 
QoS considerations
RAN2 identified delivery mode 1 (multicast) in connected mode to provide high QoS, and identified delivery mode 2 (broadcast) in idle/inactive mode to provide “low” QoS. 
Mission critical services is preferred to be received in connected mode because it can provide high QoS, high reliability, low latency[footnoteRef:1], service continuity (e.g. lossless reception) and spectral efficiency (due to UL feedback). Mission critical services can also be supported through broadcast in idle and inactive, and with PDSH coding and repetitions also a good QoS can be achieved. But cell edge deployment can be challenging, and this may reduce the spectral efficiency. [1:  Latency is a critical parameter for MCPTT, e.g. to obtain the floor to speak. ] 

So whether the QoS is lower in idle/inactive mode compared to connected, may depend on the network configuration and which UEs are released to idle/inactive (at cell-edge or not). The network has means to control this and provide a similar QoS in all RRC states: 
Observation 2: The network has the means to control the QoS in all RRC states.
Proposed way forward
To support the use case identified by SA6, i.e. to support a high number of multicast UEs in the cell, it is proposed to continue multicast reception in idle or inactive mode: 
Proposal 1: Multicast reception in connected mode can be continued in idle or inactive mode to support a high number of UEs in the cell.
Solution to receive multicast in idle/inactive
During congestion, some UEs receiving multicast in connected mode could be released to idle or inactive to relieve the connected mode congestion, but continue to receive the multicast session. In case UEs that are in good coverage and have low mobility are released to idle/inactive, then the QoS experienced by those UEs is likely to be similar as in connected mode, see Figure 1. 
[image: ]
Figure 1: Simplified example of cell with multicast reception in idle/inactive during congestion.
To ensure the best possible QoS for multicast reception in idle/inactive the transitions between connected and idle/inactive mode should be under network control. Furthermore it is the gNB that experiences the congestion, and that can decide when action needs to be taken: 
Proposal 2: The release from connected mode for UEs receiving multicast is under network control.
It is noted that the UE in idle/inactive will not send UL feedback, but the UE still can benefit from (connected mode) HARQ retransmissions. The UE in idle/inactive can receive the HARQ retransmissions that are triggered by the feedback given by UEs in connected mode. It should be noted that the UEs in connected mode could be in worse coverage conditions than the UEs in idle/inactive. Furthermore the network has the option to configure additional PDSCH repetitions and change the coding scheme when there is congestion and UEs are released to idle/inactive to maintain the QoS for UEs in idle/inactive. 
Transition to inactive mode is preferred over idle mode, because there is a shorter latency to get those UEs back to connected mode, and there is less signalling overhead. But there can be a limit to the number of UEs that can be supported in Inactive mode, and to support an “unlimited” number of UEs idle mode should not be excluded: 
Observation 3: Inactive mode is preferred to continue multicast reception, but to support an “unlimited” number of UEs idle mode should not be excluded. 
When there is an MT call the CN will page the (multicast) UEs in idle mode as usual, and when there is an MO call the UE initiates connection setup as usual. But transitions between idle and connected mode due to congestion for UEs receiving multicast are handled by the gNB. 
Paging is not a suitable method to get the multicast UEs back to connected when there is less or no more congestion. Idle mode UEs would need to be paged individually by CN in potentially the complete registration area, and UEs in inactive may need to be paged in the complete RNA. Paging is not scalable for this use case. Instead it is proposed that the network can configure and update a trigger in the UE that triggers the UE to return to connected mode. Such a trigger can be configured and updated in system information. 
To ensure the best possible QoS for multicast reception in idle/inactive the trigger should be based on the measured radio quality of the serving cell. The UE already performs such type of measurements for cell re-selection purposes, i.e. the trigger can use existing measurements the UE already performs while in idle/inactive mode. For example the trigger could be an offset to the existing cell re-selection measurement threshold(s) e.g. intra-frequency measurement threshold(s) (SIntraSearchP or SIntraSearchQ). Such a trigger would ensure that the UE is always in “good” coverage when receiving multicast in idle/inactive. Based on the configured trigger, and the idle mode measurements the UE evaluates when the trigger to return to connected mode is fulfilled. When the trigger is fulfilled the UE returns to connected mode to continue reception of multicast in connected mode: 
Proposal 3: A trigger in system information controls when the multicast UE released to idle/inactive mode returns to connected mode. 
The network can update the trigger in system information based on the congestion level experienced in connected mode. 
The multicast UE in idle/inactive should not re-select to a neighbour cell, e.g. if the neighbour cell is not congested. Instead, the multicast mobility should take place be via connected mode: 
Proposal 4: Multicast mobility is supported via connected mode only. 
In case the multicast UE roams out of good coverage, the UE is triggered to return to connected mode, i.e. before cell re-selection is triggered the UE returns to connected. This ensures that the network can keep track of the UEs wanting to receive multicast in idle/inactive, i.e. this solution remains a local solution in the cell, without impacting CN or neighboring cells. 
A UE in connected mode follows connected mode DRX (38.321), i.e. monitors PDCCH during Active Time. A UE in inactive mode follows idle mode DRX i.e. monitors Paging PDCCH using PRTNI during its Paging Occasion (38.304). The multicast UE in idle/inactive mode should monitor Paging PDCCH with PRNTI and the multicast data scheduled using the connected mode PTM configuration, i.e. PDCCH scheduled with GRNTI:
Proposal 5: The multicast UE in idle/inactive mode monitors PDCCH scheduled with PRTNI and PDCCH scheduled with GRNTI. 
This means that the multicast UE monitors the paging PDCCH scheduled with PRNTI as specified in 38.304, and monitors the PDCCH scheduled with GRNTI according to the PDCCH monitoring rules specified for cDRX in 38.321. There are other use cases where the UE is required to follow both idle and connected mode PDCCH monitoring rules, e.g.: 
· NR UE in connected mode monitors paging PDCCH specified in 38.304 and monitors unicast PDCCH specified in 38.321. 
· LTE UE in idle mode receives MBMS data scheduled via MTCH monitoring rules in 38.321 and receives paging PDCCH specified in 38.304. 
A UE in idle/inactive mode monitors the initial BWP and there is no BWP switching. A UE in connected mode may be configured on a dedicated BWP, and there can be BWP switching. RAN1 made agreements and working assumptions on the BWP aspects for both broadcast reception in idle/inactive, and multicast reception in connected mode. To enable the continuation of multicast reception in idle/inactive, the UE should monitor the initial BWP for paging/system information/random access and the BWP/frequency resources for connected mode PTM transmissions. It is however to early to specify the requirements more clearly, and RAN2 should wait for more RAN1 progress on the BWP aspects. Perhaps this topic should also be discussed further in RAN1: 
[bookmark: _Toc242573360]Proposal 6: Wait for RAN1 progress on BWPs to discuss BWP aspects of multicast reception in idle/inactive further. 
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss multicast reception in idle and inactive mode: 
Observation 1: SA6 urged RAN2 to support a large number of UEs in the cell for multicast reception.
[bookmark: _Hlk61515808]Observation 2: The network has the means to control the QoS in all RRC states.
Observation 3: Inactive mode is preferred to continue multicast reception, but to support an “unlimited” number of UEs idle mode should not be excluded. 
[bookmark: _Hlk61515864]Proposal 1: Multicast reception in connected mode can be continued in idle or inactive mode to support a high number of UEs in the cell.
Proposal 2: The release from connected mode for UEs receiving multicast is under network control.
Proposal 3: A trigger in system information controls when the multicast UE released to idle/inactive mode returns to connected mode. 
Proposal 4: Multicast mobility is supported via connected mode only. 
Proposal 5: The multicast UE in idle/inactive mode monitors PDCCH scheduled with PRTNI and PDCCH scheduled with GRNTI. 
Proposal 6: Wait for RAN1 progress on BWPs to discuss BWP aspects of multicast reception in idle/inactive further. 
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