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1. Introduction
The revised work item on NR Multicast and Broadcast Services (MBS) was approved in RAN#88 [1]. RAN2 agreed the two delivery modes, i.e., delivery mode 1 for multicast sessions received by UEs in Connected, and delivery mode 2 for broadcast sessions received by UEs in all RRC states [2]
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[3]. RAN2 also agreed the details of MCCH scheduling methods, i.e., MCCH repetition period, MCCH transmission window, Search Space and MCCH modification period [4]. 
In RAN2#114-e, the following agreements are achieved for the two delivery modes [5]: 

	· Use PCCH for Multicast activation notification (also for MBS supporting nodes). 

	· Confirm that we convey the MBS session ID in the notification. 
· Use of paging in all (legacy) PO with PRNTI is the baseline assumption (can still discuss other variants)

	· MBS specific SIB is defined to carry MCCH configuration.

· MCCH contents should include information about broadcast sessions such as G-RNTI, MBS session ID as well as scheduling information for MTCH (e.g. search space, DRX). L1 parameters that need to be included in MCCH are pending further RAN1 progress and input.
· Postpone the discussion on whether dedicated MCCH configuration is required until RAN1 makes progress on BWP/CFR for MCCH.
· Indication of an MCCH change due to modification of an ongoing session’s configuration (including session stop) is provided with an explicit notification from the network  (provided that RAN1 confirms a separate bit for this purpose can be accommodated in the MCCH change notification DCI, in addition to a bit for session start notification). FFS on whether this notification can be reused for modification of other information carried by MCCH, if any.
· FFS whether the possibility of UE missing an MCCH change notification needs to be addressed or can be left to UE implementation.
· At least in case RAN1 decides to utilize RNTI other than MCCH-RNTI for MCCH change notification, MCCH change notification is sent in the first MCCH monitoring occasion of each MCCH repetition period.
· We support single MCCH (in this release)


In this contribution, the details of control plane aspects for delivery mode 2 is provided, taking into account the LTE eMBMS mechanism as the baseline. 
2. Discussion 
2.1. Remaining Stage-2 issues 

At this point, the characteristics of two delivery modes may be summarized in Table 1, according to the RAN2 agreements [2][3][4][5]. 
Table 1
Summary of Stage-2 control plane aspects for delivery modes [2]
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[3]
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[4][5] 
(Blue: Agreed, Red: FFS)
	
	Delivery mode 1
	Delivery mode 2

	Intended for
	Multicast sessions
(High QoS requirement)
	Broadcast sessions

FFS: Multicast sessions 
(Low QoS requirement)

	Data reception in
	Connected

Deprioritized: IDLE/INACTIVE
	ALL RRC states

	Configuration reception in
	Connected
	All RRC states

	Configuration signalling by
	RRC Reconfiguration
	BCCH and MCCH
Postpone: Dedicated MCCH (until RAN1 progress) 

	Notification by
	RRC Reconfiguration 
 for Connected 
 due to session start 
Group notification by PCCH 
 for IDLE/INACTIVE 
 due to session start 
 sent in all legacy PO w/ P-RNTI 
 with Session ID 
FFS: PRACH capacity issue
	MCCH change notification 
 due to session start 
 due to session modification 
 due to session stop 
 sent in first MCCH monitoring occasion of each MCCH repetition period (depends on RNTI)
FFS: Whether to be reused for modification of other information 
FFS: Possibility of missing MCCH change notification 

	UE’s interests informed by
	5GC (MBS session join/leave)
	UE (MBS Interest Indication)


2.1.1. Multicast session in Connected via delivery mode 2 
NR MBS is expected to support various types of use cases, as quoted from the WID below [1]. It is observed that NR MBS should be well-designed for a variety of requirements, from the delay sensitive applications such as mission critical or V2X to the delay tolerant applications such as IoT, in addition to the other dimension of requirements from the lossless applications such as software delivery to the UDP type streaming such as IPTV. It’s observed that not all multicast services would require “high QoS” in practice. 
	Objective A of the SA2 SI is about Enabling general MBS services over 5GS and the uses cases identified that could benefit from this feature include (but are not limited to) public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications. 


Some of these services with “low QoS requirement” may be covered by delivery mode 2, while the other services with “high QoS requirement” should need delivery mode 1. In addition, LTE eMBMS may deliver multicast sessions [6], which could be considered as the baseline of NR MBS. In this sense, it’s beneficial for the gNB to have the choice to use delivery mode 2 for multicast sessions.  This issue was left to FFS from RAN2#112-e through RAN2#114-e, but in general there seems no technical reason to limit it from our perspective. 
Note that although RAN2 agreed “Chair: RAN2 will prioritize Active Multicast support in RRC Connected mode in Rel-17. If time permits Multicast support for RRC Inactive can be considered later (once connected mode Multicast solution, and Broadcast solution has become more mature)” [4], it does not preclude the multicast session by delivery mode 2 for UEs in Connected in our understanding, since the agreement was made in context of delivery mode 1. 
Proposal 1 RAN2 should agree that delivery mode 2 can be used for multicast sessions at least for UEs in RRC Connected, in addition to broadcast sessions. 

2.1.2. Dedicated MCCH (from the viewpoint of service continuity) 
RAN2 agreed to “Postpone the discussion on whether dedicated MCCH configuration is required until RAN1 makes progress on BWP/CFR for MCCH” [5]. The dedicated MCCH is expected to be provided e.g., by RRC Reconfiguration, if supported. 
Observation 1 The dedicated MCCH could be interpreted that MCCH is provided by RRC Reconfiguration, i.e., not broadcast-based manner. 
On the other hand, the dedicated MCCH may be considered from the perspective of broadcast service continuity. RAN2 already agreed to “Assume it is possible to reuse LTE SC-PTM mechanism for the CONNECTED UEs to receive the PTM configuration for NR MBS delivery mode 2, i.e. broadcast based manner” [3]. In our understanding, this assumption is for the intra-cell configuration, but it’s not for the inter-cell service continuity, i.e., handover.  

Observation 2 RAN2 agreed MCCH is provided by broadcast-based manner for the intra-cell configuration, but it’s not for the inter-cell service continuity. 
In LTE SC-PTM, it was assumed that the UE somehow acquires the target cell’s SIB20 and MCCH either before, during or even after the handover, which might be considered as a baseline for NR MBS delivery mode 2. However, it means there is the risk of service interruption due to the possibility that the UE, e.g., under busy conditions, misses or delays to acquire the neighbour cell’s MCCH. So, more reliable solution is worth considering; specifically, the target cell’s MCCH, at least MTCH scheduling information of interest, should be provided by RRC Reconfiguration with sync, i.e., the handover command. With this solution, the service continuity after the handover can be reliably ensured. 
Proposal 2 RAN2 should agree that the target cell’s MCCH, at least MTCH scheduling information of interest, is provided during the handover procedure, i.e., by RRC Reconfiguration with sync, to make sure the inter-cell service continuity for the UE in RRC Connected. 

2.1.3. MCCH change notification for other information 
RAN2 agreed to introduce MCCH Change Notification due to session start [2], session modification and stop [5], whereby it’s the current intention that MCCH Change Notification is sent when the configuration related to MTCH reception is changed, e.g., the MBS session information and the MTCH scheduling information. RAN2 left “FFS on whether this notification can be reused for modification of other information carried by MCCH, if any” [5]. 
The possible “other information” could be interpreted as the neighbour cell/frequency information, which is discussed in section 2.2.2 below. If the UE misses the neighbour cell/frequency information, it’s not a critical problem when the UE is staying in the serving cell. However, the up-to-date neighbour cell/frequency information is an important information in case of inter-cell mobility for the UE in IDLE/INACTIVE, as well as for the UE in RRC Connected if Proposal 6 is not agreed. In this sense, for more reliable service continuity, MCCH change notification should be sent also when the other information is changed, if RAN2 agreed the neighbour cell/frequency information is provided by MCCH. 
Proposal 3 RAN2 should agree that MCCH change notification is sent when any of MCCH contents are changed, i.e., also applicable to the “other information” which is at least the neighbour frequency/cell information (if agreed to be provided by MCCH), in addition to MBS session information and MTCH scheduling information. 
2.1.4. Missing MCCH change notification 

RAN2 left “FFS whether the possibility of UE missing an MCCH change notification needs to be addressed or can be left to UE implementation” [5]. According to the agreements [5], it’s expected MCCH change notification is provided in DCI, while the details are up to RAN1. 
In our understanding, the FFS is related to not only session modification/stop but also session start, and it has never been identified as an issue in LTE eMBMS. In addition, it may depend on RAN1’s DCI design whether the issue really exists. For example, MCCH change notification may be also sent when MCCH is unchanged, e.g., a bit in DCI can indicates “unchanged” by “0” while “changed” with “1”, so that the UE can notice if it missed MCCH change notification without any additional power consumption, and it may take some actions for recovery. So, it's unclear whether RAN2 should discuss the FFS at this point. 
Observation 3 RAN1 progress of DCI design for MCCH change notification is needed, before discussing the possibility of UE missing MCCH change notification in RAN2. 
2.1.5. On-demand MCCH 
The new paradigm in NR is the support of On-demand SI transmission [7]
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[8]. The concept could be reused for MCCH in the delivery mode 2, i.e., On-demand MCCH, as proposed in [9]
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[10]
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[12]. For example, the MCCH for delay tolerant services is provided on-demand, so that the resource consumption for signalling can be optimized.  Needless to say, the network still has another option to provide MCCH periodically, i.e., not on-demand, for e.g., delay sensitive services. 
Proposal 4 RAN2 should agree that MCCH can be provided on-demand basis. 
2.1.6. One-step configuration 
As another possibility, it could be further considered to merge MCCH into BCCH, i.e., one-step configuration as depicted in Figure 1. For example, a SIB provides the MTCH scheduling information directly, i.e., without MCCH. It would provide an optimization for delay tolerant services and/or power sensitive UEs. For example, the UE may request for the SIB (on-demand), and the gNB may start providing the SIB and corresponding service after the requests from multiple UEs. These UEs do not need to monitor MCCH that is broadcasted repeatedly. 
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Figure 1  One-step configuration for delivery mode 2
Proposal 5 RAN2 should agree as a configuration option that the multicast reception without MCCH is supported (i.e., one-step configuration), e.g., SIB directly provides the MTCH scheduling information. 
2.1.7. Counting in IDLE/INACTIVE
For NR MBS, MBS Interest Indication was agreed to be supported in RRC Connected, but not in IDLE/INACTIVE [3]. Based on this, the enhancements on top of LTE eMBMS would be worth considering. 
In LTE eMBMS, neither MII nor Counting can collect the information from UEs in IDLE, even though the majority of UEs are receiving the broadcast services in RRC IDLE. That’s one of the remaining issues in LTE eMBMS from the perspectives of session control and resource efficiency, in our understanding. 
Observation 4 For broadcast sessions, most of UEs receiving MBS services could be in RRC IDLE/INACTIVE. 
In NR MBS, the same issue could exist for the UE in IDLE/INACTIVE, i.e., delivery mode 2 for broadcast sessions. For example, the network doesn’t know if a UE in IDLE/INACTIVE is no longer receiving/interested in a broadcast service. Therefore, the network may continue to provide PTM transmissions even if there is no UE receiving the service. Such unnecessary PTM transmissions should be avoided if the gNB knows the interests of UEs in IDLE/INACTIVE. Conversely, if PTM is stopped when there are still IDLE/INACTIVE UEs receiving the service, a large number of UEs may send connection requests simultaneously, which is also undesirable. 
Therefore, as suggested in [10]
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[13], it’s worth considering whether to introduce a mechanism to collect the UE assistance information, specifically MBMS Counting, from the UEs in IDLE/INACTIVE.  Needless to say, it’s preferable that these UEs in IDLE/INACTIVE can report the information without transitioning to RRC Connected. It may be achieved, for example, if the PRACH resource partitioning associated with MBS services is introduced for such reporting. 
Note that there is no MCE in NR MBS, which means the MCE functionality would be integrated within the gNB. In this sense, It’s RAN2 to decide whether Counting is needed in NR MBS, regardless of whatever RAN3 decided from the perspective of their network interfaces. 
Proposal 6 RAN2 should discuss if MBS Counting is introduced and whether it’s also collected from the UE in IDLE/INACTIVE. 
2.2. Stage-3 aspects 

The IEs for SIB13, SIB15, SIB20, SC-MCCH and MBMS Interest Indication, and the cell reselection procedure in LTE are quoted in Annex. These could be considered as the baseline of Stage-3 specification for NR MBS. 

2.2.1. MBS-specific SIB 
2.2.1.1. Basic contents 
RAN2 agreed that “MBS specific SIB is defined to carry MCCH configuration” [5]. Regarding the MCCH configuration, RAN2 already agreed that “The MCCH transmission window is defined by MCCH repetition period, MCCH window duration and radio frame/slot offset” and “The modification period is defined for NR MCCH” [4]. These parameters are same with SIB20, i.e., sc-mcch-RepetitionPeriod, sc-mcch-FirstSubframe, sc-mcch-duration, sc-mcch-Offset and sc-mcch-ModificationPeriod respectively. So, the range of these parameters can be simply reused for minimizing standardization efforts. 
Proposal 7 RAN2 should agree that in MBS-specific SIB, the ranges of MCCH repetition period, duration, radio frame/ offset and modification period reuse the ranges of these parameters for LTE SC-PTM, i.e., in SIB20. 

2.2.1.2. Advanced contents 
In our understanding, it’s up to NW implementation whether an MBS service is provided via PTP or PTM, as well as whether it’s provided via delivery mode 1 or delivery mode 2. It can balance between service reliability and spectral efficiency well. However, from the UE’s perspective, especially for UEs in IDLE/INACTIVE and for UEs late join, the UE needs to know whether it needs to initiate connection establishment to get the MBS service of interest. It could be considered that the UE first checks MCCH, and if MCCH does not contain the MTCH scheduling information for the MBS service of interest, then the UE notices the MBS service is only provided in RRC Connected, i.e., via PTP, delivery mode 1 or unicast (PDU session). But such a process is burden for the UE and may make some delay before getting the MBS service. So, it’s worth discussing whether MBS-specific SIB provides the information whether the UE needs to be in Connected to get the MBS services. 
Proposal 8 RAN2 should discuss whether MBS-specific SIB provides the information to associate MBS services with their delivery modes. 
RAN2 agreed to introduce MBS Interest Indication [3], which is currently assumed to be used for broadcast sessions. In our understanding, at least from the AS point of view, it’s up to network whether an MBS service is provided as multicast session or broadcast session. In addition, from the UE point of view, it’s unknown whether the gNB can acquire the information about the MBS services of UE’s interest, which may be provided by the AMF for multicast sessions, while it’s not for broadcast sessions. Consequently, the UE cannot know whether it should send MBS Interest Indication for the MBS services of interest or not. Therefore, it’s helpful for the UE if the gNB provides the information on whether MBS Interest Indication is allowed for each MBS service. In other words, it’s which MBS service needs MBS Interest Indication. So, RAN2 should discuss if such an additional information is needed. 
Proposal 9 RAN2 should discuss if MBS-specific SIB provides the information on whether or not MBS Interest Indication is allowed to be sent for each MBS service. 
2.2.2. MCCH 
RAN2 agreed that “MCCH contents should include information about broadcast sessions such as G-RNTI, MBS session ID as well as scheduling information for MTCH (e.g. search space, DRX). L1 parameters that need to be included in MCCH are pending further RAN1 progress and input” and “Postpone the discussion on whether dedicated MCCH configuration is required until RAN1 makes progress on BWP/CFR for MCCH” [5]. 

For the MTCH scheduling information, SC-MCCH in LTE SC-PTM contains sc-mtch-InfoList including mbmsSessionInfo (TMGI and Session ID), g-RNTI and sc-mtch-schedulingInfo (onDurationTimerSCPTM, drx-InactivityTimerSCPTM and schedulingPeriodStartOffsetSCPTM) [14]. Since RAN2 agreed that “For NR MBS delivery mode 2, LTE SC-PTM DRX scheme is used as baseline” [5], these parameters and ranges of values would be simply reused for minimizing standardization efforts. 
Proposal 10 RAN2 should agree that MCCH provides MBS Session Information (TMGI and Session ID), G-RNTI and MTCH scheduling information (on-duration timer, inactivity timer, scheduling period and start offset), as MTCH information. 
Proposal 11 RAN2 should agree that the value ranges of each parameter in MTCH scheduling info (i.e., on-duration timer, inactivity timer, scheduling period and start offset) are the same with LTE SC-PTM, i.e., these parameters in SCPTMConfiguration. 
In LTE eMBMS, SIB15 provided the inter-frequency information with SAI, i.e., mbms-SAI-InterFreqList [14].  In LTE SC-PTM, SC-MCCH contains scptm-NeighbourCellList which consists of Cell ID and frequency, and sc-mtch-neighbourCell, which is the bit string referring the neighbour cell list [14]. These information are helpful for the service continuity from the UE point of view, i.e., for MBMS Interest Indication [14] and cell reselection priority handling [15]. 

Such neighbour cell/frequency information is still considered useful in NR MBS for the same purpose, i.e., service continuity. So, RAN2 should agree that the cell/frequency list where MBS services are broadcasted. In our view, the neighbour cell/frequency information should be associated with MBS session ID, e.g., TMGI, since the UE needs to know which cell/frequency the MBS service of interest is provided in. It’s FFS the cell/frequency list is further associated with e.g., SAI like LTE eMBMS, and also whether it’s broadcasted via MBS-specific SIB or MCCH. 
Proposal 12 RAN2 should agree that the neighbour cell/frequency list, which is associated to MBS session ID (e.g., TMGI), is broadcasted for service continuity. FFS whether it’s further associated with SAI, and whether it’s provided in MBS-specific SIB or MCCH. 
2.2.3. MBS Interest Indication 
2.2.3.1. Basic contents 
RAN2 agreed “Assume that MBS Interest Indication is supported for UEs in connected mode for Broadcast service” [3], but any exact content has not been discussed yet. 
In LTE, MBMS Interest Indication contains the three IEs as summarized in Table 2, except for ROM-related configuration. This assistance information helps to ensure service continuity including gNB’s scheduling and handover decision.  The same information is considered helpful for NR MBS, since SC-PTM and delivery mode 2 have quite similar characteristics. 
Table 2
 MBMS Interest Indication in LTE (except for ROM-related configuration) [14]
	Information
	Description 

	mbms-FreqList
	“List of MBMS frequencies on which the UE is receiving or interested to receive MBMS via an MRB or SC-MRB.” [14]

	mbms-Priority
	“Indicates whether the UE prioritises MBMS reception above unicast reception. The field is present (i.e. value true), if the UE prioritises reception of all listed MBMS frequencies above reception of any of the unicast bearers. Otherwise the field is absent.” [14]

	mbms-Services
	The MBMS services that the UE is receiving or interested to receive via an SC-MRB. 


Proposal 13 RAN2 should agree that MBS Interest Indication contains the frequency list, the priority between MBS reception and unicast, and MBS service list, as same with MBMS Interest Indication in LTE. 

Since the minimum MBS service area may be a cell in NR MBS, it would be considered if MBS Interest Indication should also contain the list of cells that provide MBS services of UE’s interest. In LTE SC-PTM, mbms-Services could imply such cells, assuming the gNB knows which neighbor cell provides which MBS service since the gNB provides neighbor cell information [14]. The same assumption can be applicable to NR MBS, especially if Proposal 12 is agreeable. So, RAN2 should confirm that the gNB 
Proposal 14 RAN2 should confirm that if MBS service list is included in MBS Interest Indication, it implies the cells that provide MBS services of UE’s interest, i.e., assuming the gNB knows which MBS service is provided in neighbor cells. 

2.2.3.2. Advanced contents 
On top of LTE baseline, i.e., Proposal 13 and Proposal 14 above, it’s worth discussing whether MBS Interest Indication needs to provide any other assistance information. 
For example, mbms-Priority was used to indicate whether the UE prioritizes MBMS reception over unicast reception, which could help e.g., the gNB’s scheduling and is reusable for NR MBS as discussed in section 2.2.3.1 above. However, NR MBS has the two delivery modes, which is based on different scheduling algorithm in terms of MTCH transmissions, i.e., delivery mode 1 with C-RNTI and delivery mode 2 with G-RNTI. So, it may be helpful if the UE provides its priority between delivery mode 1 reception and delivery mode 2 reception, in case the UE is interested in multiple MBS services provided via different delivery modes.  Other examples may be considered for e.g., UE’s power saving preference, which would be discussed, if needed.  So, RAN2 should first discuss whether any additional information for advanced purposes may be provided by MBS Interest Indication. 

Proposal 15 RAN2 should discuss whether additional information is provided by MBS Interest Indication, e.g., the prioritization between delivery mode 1 reception and delivery mode 2 reception. 

2.2.3.3. Message definition 
Another issue worth considering is whether MBS Interest Indication is a new/separate message or integrated with UEAssistanceInformation message. In LTE, MBMS Interest Indication (MII) was separated from UE Assistance Information (UAI) since the pre-condition was different, i.e., SIB15 acquisition for MII while RRC Connection Reconfiguration for UAI [14]. On the other hand, In-device Coexistence Indication (IDC), which was a separate message in LTE [14], is integrated within UAI in NR [8]. It’s feasible since the pre-condition in LTE (and also in NR) was same among IDC and UAI, i.e., RRC Connection Reconfiguration [14].
Observation 5 Whether MBS Interest Indication can be integrated with UE Assistance Information depends on whether the pre-condition is aligned among the two messages. 
For NR MBS, the neighbor cell/frequency information in MBS-specific SIB or MCCH as in Proposal 12 is needed to generate MBS Interest Indication message with the IEs in Proposal 13. Also, MBS Interest Indication is expected to be configured by MBS-specific SIB (or MCCH), same as it is with LTE eMBMS [14]. Thus, it’s not aligned with the pre-condition of UAI, i.e., RRC Reconfiguration [8]. So, MBS Interest Indication should be a separate message from UAI, like LTE eMBMS. 
Proposal 16 RAN2 should agree to define MBS Interest Indication as a new message, i.e., separate from UE Assistance Information. 
Proposal 17 RAN2 should agree that MBS Interest Indication is allowed to be sent when the UE can acquire MBS-specific SIB from the serving cell (i.e., as the pre-condition). 
2.2.3.4. MBS Interest Indication for multicast sessions 
RAN2 currently assumes MBS Interest Indication is supported for broadcast sessions, but not for multicast sessions [3]. It seems the common understanding is that for multicast sessions, the core network would inform the gNB of UE’s interest since multicast sessions have the session join procedure in upper layer. In our understanding in context of Proposal 13 and Table 2, it’s true for MBS services of UE’s interest. Also, it’s obvious the gNB knows the MBS frequencies and the cells providing the MBS services of UE’s interest, if Proposal 14 is agreeable. However, the priority between MBS reception and unicast, which is similar to mbms-Priority in LTE, may not be provided by the core network since it’s purely AS-related information, i.e., it’s strange that the UE tells the core network of the priority information within the session join procedure. 
Observation 6 For multicast session, the core network may provide the gNB of UE’s interest such as MBS services and the gNB may know MBS frequencies/cells, but the core network and the gNB may not know the UE’s AS priority between MBS and unicast. 
The priority information is still considered useful for the gNB, e.g., on its scheduling and handover decision as similar in LTE eMBMS, which is also related to the service continuity. So, the UE should inform the gNB of its priority information also for multicast sessions. In this sense, RAN2 should agree MBS Interest Indication should be supported also for multicast services/delivery mode 1. 
Proposal 18 RAN2 should agree that MBS Interest Indication is supported also for multicast sessions/delivery mode 1, at least for the UE to inform the gNB of its priority between MBS reception and unicast. 
2.2.4. Cell reselection 
2.2.4.1. Cell reselection priority handling 
In LTE eMBMS, for inter-frequency cell reselection, so called “the highest priority rule” was applied in cell reselection priority handling [15]. In detail, the UE may consider the frequency which provides the MBMS service of interest, as the highest priority. Also, the UE may consider the frequency which does not provide the MBMS service of interest, as the lowest priority. It ensures the service continuity since the UE can reselect the cell providing the MBMS service of interest, regardless of absolute frequency priorities configured by the eNB. These rules are applicable only to frequency-level, which was enough assuming MBMS services were provided per-frequency basis. 
Observation 7 In LTE, the service continuity is ensured by the UE that is allowed to consider a frequency providing the MBMS service of interest as the highest priority, which is applicable to inter-frequency cell reselection. 
Observation 8 In LTE, the UE is also allowed to consider the frequency not providing the MBMS service of interest as the lowest priority, which is applicable to inter-frequency cell reselection. 
In addition, for intra-frequency and equal priority inter-frequency cell reselection, and just for NB-IoT and UEs in CE (i.e., Enhanced Coverage), R-criteria (i.e., ranking) applied the SC-PTM specific offset, which may be configured with “infinity” [14]
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[15]. It emulates “the highest priority rule” in per-cell basis, which was needed since “Ranking as defined in clause 5.2.4.6 is applied for intra-frequency and inter-frequency cell reselection (irrespective of configured frequency priorities, if any) while the UE is in enhanced coverage” [15], i.e., no traditional inter-frequency cell reselection was applicable to NB-IoT and UEs in CE. 
Observation 9 In LTE, the NB-IoT UE and the UE in CE apply the SC-PTM specific offset (which may be “infinity”) in R-criteria, which is applicable to intra-frequency and equal priority inter-frequency cell reselection. 
In summary, LTE has the two mechanisms that are applicable for inter-frequency cell reselection (i.e., frequency basis), and for intra-frequency and equal priority inter-frequency reselection (i.e., cell basis), respectively. “The highest priority rule” for inter-frequency cell reselection is straight forward to be introduced for NR MBS, since the UE in IDLE/INACTIVE needs to camp on the frequency that provides the MBS service of interest, as same with LTE eMBMS. So, RAN2 should agree to introduce “the highest priority rule” in NR MBS. In addition, “the lowest priority rule” as in Observation 8 should be introduced as well. 
Proposal 19 RAN2 should agree that the UE may consider the frequency providing the MBS service of interest as the highest priority, as same with LTE. 

Proposal 20 RAN2 should agree that the UE may consider the frequency not providing the MBS service of interest as the lowest priority, as same with LTE. 
2.2.4.2. R-criteria 
The other mechanism, i.e., the SC-PTM specific offset in R-criteria, is worth considering, taking into account the minimum service area of NR MBS is considered as a cell, while it’s still depending on the deployment scenario prioritized in Rel-17, i.e., the frequency basis or the cell basis. In our understanding, the frequency-based deployment, i.e., the same MBS services are provided among cells on a frequency within a certain MBS service area, is a subset of the cell-based deployment, i.e., the MBS services are only provided in a cell, since the frequency can be depicted by the list of cells, whereby the list includes all the cells on a frequency. So, it’s more flexible for supporting various deployment scenarios, if MBS services are basically provided per cell basis. 

As discussed above, although the SC-PTM specific offset was introduced for multicast support in eMTC/NB-IoT in Rel-14, i.e., due to no inter-frequency cell reselection in CE, it could be just used to prioritize a specific cell which provides MBMS service of interest. Therefore, the same mechanism can be reused to prioritize the cell providing the MBS service of UE’s interest, which allows less standardization effort. 
Proposal 21 RAN2 should agree that the MBS-specific offset is applicable to R-criteria in order to prioritize a specific cell providing the MBS service of UE’s interest, whereby the offset may be configured with “infinity”, as same with LTE. 
3. Conclusion 
In this contribution, the details of control plane aspects in NR MBS are discussed, focusing on mainly delivery mode 2. The possible solutions for remaining issues in Stage-2 and Stage-3 are provided.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
RAN2 should agree that delivery mode 2 can be used for multicast sessions at least for UEs in RRC Connected, in addition to broadcast sessions.
Observation 1
The dedicated MCCH could be interpreted that MCCH is provided by RRC Reconfiguration, i.e., not broadcast-based manner.
Observation 2
RAN2 agreed MCCH is provided by broadcast-based manner for the intra-cell configuration, but it’s not for the inter-cell service continuity.
Proposal 2
RAN2 should agree that the target cell’s MCCH, at least MTCH scheduling information of interest, is provided during the handover procedure, i.e., by RRC Reconfiguration with sync, to make sure the inter-cell service continuity for the UE in RRC Connected.
Proposal 3
RAN2 should agree that MCCH change notification is sent when any of MCCH contents are changed, i.e., also applicable to the “other information” which is at least the neighbour frequency/cell information (if agreed to be provided by MCCH), in addition to MBS session information and MTCH scheduling information.
Observation 3
RAN1 progress of DCI design for MCCH change notification is needed, before discussing the possibility of UE missing MCCH change notification in RAN2.
Proposal 4
RAN2 should agree that MCCH can be provided on-demand basis.
Proposal 5
RAN2 should agree as a configuration option that the multicast reception without MCCH is supported (i.e., one-step configuration), e.g., SIB directly provides the MTCH scheduling information.
Observation 4
For broadcast sessions, most of UEs receiving MBS services could be in RRC IDLE/INACTIVE.
Proposal 6
RAN2 should discuss if MBS Counting is introduced and whether it’s also collected from the UE in IDLE/INACTIVE.
Proposal 7
RAN2 should agree that in MBS-specific SIB, the ranges of MCCH repetition period, duration, radio frame/ offset and modification period reuse the ranges of these parameters for LTE SC-PTM, i.e., in SIB20.
Proposal 8
RAN2 should discuss whether MBS-specific SIB provides the information to associate MBS services with their delivery modes.
Proposal 9
RAN2 should discuss if MBS-specific SIB provides the information on whether or not MBS Interest Indication is allowed to be sent for each MBS service.
Proposal 10
RAN2 should agree that MCCH provides MBS Session Information (TMGI and Session ID), G-RNTI and MTCH scheduling information (on-duration timer, inactivity timer, scheduling period and start offset), as MTCH information.
Proposal 11
RAN2 should agree that the value ranges of each parameter in MTCH scheduling info (i.e., on-duration timer, inactivity timer, scheduling period and start offset) are the same with LTE SC-PTM, i.e., these parameters in SCPTMConfiguration.
Proposal 12
RAN2 should agree that the neighbour cell/frequency list, which is associated to MBS session ID (e.g., TMGI), is broadcasted for service continuity. FFS whether it’s further associated with SAI, and whether it’s provided in MBS-specific SIB or MCCH.
Proposal 13
RAN2 should agree that MBS Interest Indication contains the frequency list, the priority between MBS reception and unicast, and MBS service list, as same with MBMS Interest Indication in LTE.
Proposal 14
RAN2 should confirm that if MBS service list is included in MBS Interest Indication, it implies the cells that provide MBS services of UE’s interest, i.e., assuming the gNB knows which MBS service is provided in neighbor cells.
Proposal 15
RAN2 should discuss whether additional information is provided by MBS Interest Indication, e.g., the prioritization between delivery mode 1 reception and delivery mode 2 reception.
Observation 5
Whether MBS Interest Indication can be integrated with UE Assistance Information depends on whether the pre-condition is aligned among the two messages.
Proposal 16
RAN2 should agree to define MBS Interest Indication as a new message, i.e., separate from UE Assistance Information.
Proposal 17
RAN2 should agree that MBS Interest Indication is allowed to be sent when the UE can acquire MBS-specific SIB from the serving cell (i.e., as the pre-condition).
Observation 6
For multicast session, the core network may provide the gNB of UE’s interest such as MBS services and the gNB may know MBS frequencies/cells, but the core network and the gNB may not know the UE’s AS priority between MBS and unicast.
Proposal 18
RAN2 should agree that MBS Interest Indication is supported also for multicast sessions/delivery mode 1, at least for the UE to inform the gNB of its priority between MBS reception and unicast.
Observation 7
In LTE, the service continuity is ensured by the UE that is allowed to consider a frequency providing the MBMS service of interest as the highest priority, which is applicable to inter-frequency cell reselection.
Observation 8
In LTE, the UE is also allowed to consider the frequency not providing the MBMS service of interest as the lowest priority, which is applicable to inter-frequency cell reselection.
Observation 9
In LTE, the NB-IoT UE and the UE in CE apply the SC-PTM specific offset (which may be “infinity”) in R-criteria, which is applicable to intra-frequency and equal priority inter-frequency cell reselection.
Proposal 19
RAN2 should agree that the UE may consider the frequency providing the MBS service of interest as the highest priority, as same with LTE.
Proposal 20
RAN2 should agree that the UE may consider the frequency not providing the MBS service of interest as the lowest priority, as same with LTE.
Proposal 21
RAN2 should agree that the MBS-specific offset is applicable to R-criteria in order to prioritize a specific cell providing the MBS service of UE’s interest, whereby the offset may be configured with “infinity”, as same with LTE.


4. References
[1] RP-201038, “Revised Work Item on NR Multicast and Broadcast Services”, Huawei, HiSilicon 
[2] “Chairman’s notes”, RAN2 Chairman (Mediatek), RAN2#112-e 

[3] “Chairman’s notes”, RAN2 Chairman (Mediatek), RAN2#113-e 

[4] “Chairman’s notes”, RAN2 Chairman (Mediatek), RAN2#113bis-e 

[5] “Chairman’s notes”, RAN2 Chairman (Mediatek), RAN2#114-e 

[6] TS 36.300, “Overall description; Stage 2”, 3GPP 

[7] TS 38.300, “NR and NG-RAN Overall Description; Stage 2”, 3GPP 

[8] TS 38.331, “Radio Resource Control (RRC) protocol specification”, 3GPP 

[9] R2-2105013, “NR MBS control signalling aspects for UEs in different RRC states”, Qualcomm Inc., RAN2#114-e 

[10] R2-2105511, “Control plane aspects for delivery mode 2 in NR MBS”, Kyocera, RAN2#114-e 

[11] R2-2105552, “Discussion issues on delivery mode2”, Spreadtrum Communications, RAN2#114-e 

[12] R2-2106350, “MBS in IDLE/INACTIVE”, LG Electronics Inc., RAN2#114-e 

[13] R2-2105266, “Miscellaneous Aspects of MBS Provisioning”, Nokia, Nokia Shanghai Bell, RAN2#114-e 
[14] TS 36.331, “Radio Resource Control (RRC); Protocol specification”, 3GPP 

[15] TS 36.304, “User Equipment (UE) procedures in idle mode”, 3GPP 

5. Annex 
5.1. SIB13 in LTE 

The contents of SIB13 in LTE are quoted below [14]: 

	SystemInformationBlockType13-r9 ::=
SEQUENCE {


mbsfn-AreaInfoList-r9



MBSFN-AreaInfoList-r9,


notificationConfig-r9



MBMS-NotificationConfig-r9,


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


...,


[[



notificationConfig-v1430


MBMS-NotificationConfig-v1430

OPTIONAL


]],


[[


mbsfn-AreaInfoList-r16



MBSFN-AreaInfoList-r16

OPTIONAL
-- Need OR


]]

}


	MBSFN-AreaInfoList-r9 ::=


SEQUENCE (SIZE(1..maxMBSFN-Area)) OF MBSFN-AreaInfo-r9

MBSFN-AreaInfo-r9 ::=



SEQUENCE {


mbsfn-AreaId-r9





MBSFN-AreaId-r12,


non-MBSFNregionLength



ENUMERATED {s1, s2},


notificationIndicator-r9


INTEGER (0..7),


mcch-Config-r9





SEQUENCE {



mcch-RepetitionPeriod-r9

ENUMERATED {rf32, rf64, rf128, rf256},



mcch-Offset-r9




INTEGER (0..10),



mcch-ModificationPeriod-r9

ENUMERATED {rf512, rf1024},



sf-AllocInfo-r9




BIT STRING (SIZE(6)),



signallingMCS-r9



ENUMERATED {n2, n7, n13, n19}


},


...,


[[
mcch-Config-r14



SEQUENCE {




mcch-RepetitionPeriod-v1430

ENUMERATED {rf1, rf2, rf4, rf8,











rf16 }

OPTIONAL,
-- Need OR




mcch-ModificationPeriod-v1430
ENUMERATED {rf1, rf2, rf4, rf8, rf16, rf32, rf64, rf128,












rf256, spare7}




OPTIONAL
-- Need OR



}
















OPTIONAL,
-- Need OR



subcarrierSpacingMBMS-r14

ENUMERATED {kHz7dot5, kHz1dot25}
OPTIONAL
-- Need OR


]]

}

MBSFN-AreaInfoList-r16 ::=

SEQUENCE (SIZE(1..maxMBSFN-Area)) OF MBSFN-AreaInfo-r16

MBSFN-AreaInfo-r16 ::=



SEQUENCE {


mbsfn-AreaId-r16




MBSFN-AreaId-r12,


notificationIndicator-r16


INTEGER (0..7),


mcch-Config-r16





SEQUENCE {



mcch-RepetitionPeriod-r16


ENUMERATED {rf1, rf2, rf4, rf8, rf16, rf32, rf64,















rf128, rf256, spare7, spare6, spare5,















spare4, spare3, spare2, spare1},



mcch-ModificationPeriod-r16


ENUMERATED {rf1, rf2, rf4, rf8, rf16, rf32, rf64, rf128,















rf256, rf512, rf1024, spare5, spare4,















spare3,spare2, spare1},



mcch-Offset-r16




INTEGER (0..10),



sf-AllocInfo-r16



BIT STRING (SIZE(10)),



signallingMCS-r16



ENUMERATED {n2, n7, n13, n19}


},


subcarrierSpacingMBMS-r16

ENUMERATED {kHz7dot5, kHz2dot5, kHz1dot25, kHz0dot37,











spare4, spare3, spare2, spare1},


timeSeparation-r16



ENUMERATED {sl2, sl4} OPTIONAL,
-- Need OR


...

}


	MBMS-NotificationConfig-r9 ::=



SEQUENCE {


notificationRepetitionCoeff-r9

ENUMERATED {n2, n4},


notificationOffset-r9



INTEGER (0..10),


notificationSF-Index-r9



INTEGER (1..6)

}

MBMS-NotificationConfig-v1430 ::=



SEQUENCE {


notificationSF-Index-v1430



INTEGER (7..10)

}


5.2. SIB15 in LTE 
The contents of SIB15 in LTE are quoted below [14]: 

	SystemInformationBlockType15-r11 ::=
SEQUENCE {


mbms-SAI-IntraFreq-r11




MBMS-SAI-List-r11



OPTIONAL,
-- Need OR


mbms-SAI-InterFreqList-r11



MBMS-SAI-InterFreqList-r11

OPTIONAL,
-- Need OR


lateNonCriticalExtension



OCTET STRING




OPTIONAL,


...,


[[
mbms-SAI-InterFreqList-v1140

MBMS-SAI-InterFreqList-v1140
OPTIONAL
-- Cond InterFreq


]],


[[
mbms-IntraFreqCarrierType-r14

MBMS-CarrierType-r14


OPTIONAL,
-- Need OR



mbms-InterFreqCarrierTypeList-r14













MBMS-InterFreqCarrierTypeList-r14
OPTIONAL
-- Need OR


]]

}

MBMS-SAI-List-r11 ::=




SEQUENCE (SIZE (1..maxSAI-MBMS-r11)) OF MBMS-SAI-r11

MBMS-SAI-r11 ::=





INTEGER (0..65535)

MBMS-SAI-InterFreqList-r11 ::=


SEQUENCE (SIZE (1..maxFreq)) OF MBMS-SAI-InterFreq-r11

MBMS-SAI-InterFreqList-v1140 ::=

SEQUENCE (SIZE (1..maxFreq)) OF MBMS-SAI-InterFreq-v1140

MBMS-SAI-InterFreq-r11 ::=



SEQUENCE {


dl-CarrierFreq-r11





ARFCN-ValueEUTRA-r9,


mbms-SAI-List-r11





MBMS-SAI-List-r11

}

MBMS-SAI-InterFreq-v1140 ::=


SEQUENCE {



multiBandInfoList-r11



MultiBandInfoList-r11


OPTIONAL
-- Need OR

}

MBMS-InterFreqCarrierTypeList-r14 ::=
SEQUENCE (SIZE (1..maxFreq)) OF MBMS-CarrierType-r14

MBMS-CarrierType-r14 ::=



SEQUENCE {


carrierType-r14






ENUMERATED {mbms, fembmsMixed, fembmsDedicated},


frameOffset-r14






INTEGER (0..3)




OPTIONAL
-- Need OR

}


5.3. SIB20 in LTE 
The contents of SIB20 in LTE are quoted below [14]: 

	SystemInformationBlockType20-r13 ::=
SEQUENCE {


sc-mcch-RepetitionPeriod-r13

ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256},


sc-mcch-Offset-r13



INTEGER (0..10),


sc-mcch-FirstSubframe-r13

INTEGER (0..9),


sc-mcch-duration-r13


INTEGER (2..9)
OPTIONAL,


sc-mcch-ModificationPeriod-r13
ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256,











rf512, rf1024, r2048, rf4096, rf8192, rf16384, rf32768,













rf65536},


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


...,


[[
br-BCCH-Config-r14




SEQUENCE {




dummy







ENUMERATED {rf1},




dummy2







ENUMERATED {rf1},




mpdcch-Narrowband-SC-MCCH-r14

INTEGER (1..maxAvailNarrowBands-r13),




mpdcch-NumRepetition-SC-MCCH-r14
ENUMERATED {r1, r2, r4, r8, r16,
















r32, r64, r128, r256},




mpdcch-StartSF-SC-MCCH-r14


CHOICE {





fdd-r14







ENUMERATED {v1, v1dot5, v2, v2dot5, v4,

















v5, v8, v10},





tdd-r14







ENUMERATED {v1, v2, v4, v5, v8, v10, v20}




},




mpdcch-PDSCH-HoppingConfig-SC-MCCH-r14
ENUMERATED {off, ce-ModeA, ce-ModeB},




sc-mcch-CarrierFreq-r14



ARFCN-ValueEUTRA-r9,




sc-mcch-Offset-BR-r14



INTEGER (0..10),




sc-mcch-RepetitionPeriod-BR-r14

ENUMERATED {rf32, rf128, rf512, rf1024,














rf2048, rf4096, rf8192, rf16384},




sc-mcch-ModificationPeriod-BR-r14
ENUMERATED { rf32, rf128, rf256, rf512, rf1024,














rf2048, rf4096, rf8192, rf16384, rf32768,














rf65536, rf131072, rf262144, rf524288,














rf1048576}



}
















OPTIONAL,
-- Need OR



sc-mcch-SchedulingInfo-r14


SC-MCCH-SchedulingInfo-r14

OPTIONAL,
-- Need OP



pdsch-maxNumRepetitionCEmodeA-SC-MTCH-r14












ENUMERATED { r16, r32 }

OPTIONAL,
-- Need OR



pdsch-maxNumRepetitionCEmodeB-SC-MTCH-r14












ENUMERATED {













r192, r256, r384, r512, r768, r1024,













r1536, r2048}



OPTIONAL
-- Need OR


]],


[[
sc-mcch-RepetitionPeriod-v1470

ENUMERATED {rf1}



OPTIONAL,
-- Need OR



sc-mcch-ModificationPeriod-v1470
ENUMERATED {rf1}



OPTIONAL
-- Need OR


]]

}

SC-MCCH-SchedulingInfo-r14::=
SEQUENCE
{


onDurationTimerSCPTM-r14


ENUMERATED {psf10, psf20, psf100, psf300,













psf500, psf1000, psf1200, psf1600},


drx-InactivityTimerSCPTM-r14

ENUMERATED {psf0, psf1, psf2, psf4, psf8, psf16,













psf32, psf64, psf128, psf256, ps512,













psf1024, psf2048, psf4096, psf8192, psf16384},


schedulingPeriodStartOffsetSCPTM-r14
CHOICE {



sf10








INTEGER(0..9),



sf20








INTEGER(0..19),



sf32








INTEGER(0..31),



sf40








INTEGER(0..39),



sf64








INTEGER(0..63),



sf80








INTEGER(0..79),



sf128








INTEGER(0..127),



sf160








INTEGER(0..159),



sf256








INTEGER(0..255),



sf320








INTEGER(0..319),



sf512








INTEGER(0..511),



sf640








INTEGER(0..639),



sf1024








INTEGER(0..1023),



sf2048








INTEGER(0..2047),



sf4096








INTEGER(0..4095),



sf8192








INTEGER(0..8191)


},


...

}


5.4. SC-MCCH in LTE

The contents of SC-MCCH in LTE are quoted below [14]: 

	SCPTMConfiguration-r13 ::=

SEQUENCE {


sc-mtch-InfoList-r13


SC-MTCH-InfoList-r13,


scptm-NeighbourCellList-r13

SCPTM-NeighbourCellList-r13


OPTIONAL,
-- Need OP


lateNonCriticalExtension

OCTET STRING





OPTIONAL,


nonCriticalExtension


SCPTMConfiguration-v1340


OPTIONAL

}

SCPTMConfiguration-v1340 ::= SEQUENCE {


p-b-r13







INTEGER (0..3)


OPTIONAL,
-- Need ON


nonCriticalExtension



SEQUENCE {}



OPTIONAL

}


	SC-MTCH-InfoList-r13 ::=


SEQUENCE (SIZE (0..maxSC-MTCH-r13)) OF SC-MTCH-Info-r13

SC-MTCH-Info-r13 ::=



SEQUENCE
{


mbmsSessionInfo-r13





MBMSSessionInfo-r13,


g-RNTI-r13







BIT STRING(SIZE(16)),


sc-mtch-schedulingInfo-r13



SC-MTCH-SchedulingInfo-r13


OPTIONAL,
-- Need OP


sc-mtch-neighbourCell-r13



BIT STRING (SIZE(maxNeighCell-SCPTM-r13))
OPTIONAL,
-- Need OP


...,


[[
p-a-r13







ENUMERATED {













dB-6, dB-4dot77, dB-3, dB-1dot77,













dB0, dB1, dB2, dB3}

OPTIONAL
-- Need ON


]]

}

MBMSSessionInfo-r13 ::=



SEQUENCE
{


tmgi-r13







TMGI-r9,


sessionId-r13






OCTET STRING (SIZE (1))

OPTIONAL
-- Need OR

}

SC-MTCH-SchedulingInfo-r13::=

SEQUENCE
{


onDurationTimerSCPTM-r13



ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6,













psf8, psf10, psf20, psf30, psf40,













psf50, psf60, psf80, psf100,













psf200},


drx-InactivityTimerSCPTM-r13


ENUMERATED {













psf0, psf1, psf2, psf4, psf8,













psf10, psf20, psf40,













psf80, psf160, ps320,













psf640, psf960,













psf1280, psf1920, psf2560},


schedulingPeriodStartOffsetSCPTM-r13
CHOICE {



sf10








INTEGER(0..9),



sf20








INTEGER(0..19),



sf32








INTEGER(0..31),



sf40








INTEGER(0..39),



sf64








INTEGER(0..63),



sf80








INTEGER(0..79),



sf128








INTEGER(0..127),



sf160








INTEGER(0..159),



sf256








INTEGER(0..255),



sf320








INTEGER(0..319),



sf512








INTEGER(0..511),



sf640








INTEGER(0..639),



sf1024








INTEGER(0..1023),



sf2048








INTEGER(0..2048),



sf4096








INTEGER(0..4096),



sf8192








INTEGER(0..8192)


},


...

}


	SCPTM-NeighbourCellList-r13 ::=

SEQUENCE (SIZE (1..maxNeighCell-SCPTM-r13)) OF PCI-ARFCN-r13

PCI-ARFCN-r13 ::=




SEQUENCE {



physCellId-r13





PhysCellId,



carrierFreq-r13





ARFCN-ValueEUTRA-r9

OPTIONAL

}


5.5. MBMS Interest Indication in LTE 
The contents of MBMS Interest Indication in LTE are quoted below [14]: 

	MBMSInterestIndication-r11 ::=

SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {




interestIndication-r11



MBMSInterestIndication-r11-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

MBMSInterestIndication-r11-IEs ::=
SEQUENCE {


mbms-FreqList-r11




CarrierFreqListMBMS-r11



OPTIONAL,


mbms-Priority-r11




ENUMERATED {true}




OPTIONAL,


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



MBMSInterestIndication-v1310-IEs
OPTIONAL

}

MBMSInterestIndication-v1310-IEs ::=
SEQUENCE {


mbms-Services-r13




MBMS-ServiceList-r13



OPTIONAL,


nonCriticalExtension



MBMSInterestIndication-v1540-IEs

OPTIONAL

}

MBMSInterestIndication-v1540-IEs ::=
 SEQUENCE {


mbms-ROM-InfoList-r15


SEQUENCE (SIZE(1..maxMBMS-ServiceListPerUE-r13)) OF MBMS-ROM-Info-r15
















OPTIONAL,


nonCriticalExtension



MBMSInterestIndication-v1610-IEs
OPTIONAL

}

MBMSInterestIndication-v1610-IEs ::=
SEQUENCE {


mbms-ROM-InfoList-r16



SEQUENCE (SIZE(1..maxMBMS-ServiceListPerUE-r13)) OF MBMS-ROM-Info-r16

OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

MBMS-ROM-Info-r15 ::= SEQUENCE {


mbms-ROM-Freq-r15





ARFCN-ValueEUTRA-r9,


mbms-ROM-SubcarrierSpacing-r15

ENUMERATED {kHz15, kHz7dot5, kHz1dot25},


mbms-Bandwidth-r15




ENUMERATED {n6, n15, n25, n50, n75, n100}

}

MBMS-ROM-Info-r16 ::= SEQUENCE {


mbms-ROM-Freq-r16




ARFCN-ValueEUTRA-r9,


mbms-ROM-SubcarrierSpacing-r16

ENUMERATED {kHz2dot5, kHz0dot37},


mbms-Bandwidth-r16




ENUMERATED {n6, n15, n25, n50, n75, n100}

}


	CarrierFreqListMBMS-r11 ::=

SEQUENCE (SIZE (1..maxFreqMBMS-r11)) OF ARFCN-ValueEUTRA-r9


	MBMS-ServiceList-r13 ::=


SEQUENCE (SIZE (0..maxMBMS-ServiceListPerUE-r13)) OF MBMS-ServiceInfo-r13

MBMS-ServiceInfo-r13 ::=



SEQUENCE
{


tmgi-r13






TMGI-r9

}


5.6. Cell reselection priority handling in LTE 

The cell reselection priority for eMBMS frequency in LTE is quoted below [15]: 
	5.2.4.1
Reselection priorities handling

[…]
NOTE 1:
The prioritization among the frequencies which UE considers to be the highest priority frequency is left to UE implementation.

[…]
If the UE is capable either of MBMS Service Continuity or of SC-PTM reception and is receiving or interested to receive an MBMS service and can only receive this MBMS service while camping on a frequency on which it is provided, the UE may consider that frequency to be the highest priority during the MBMS session TS 36.300 [2] as long as the two following conditions are fulfilled:

1) Either:

-
the UE is capable of MBMS service continuity and the reselected cell is broadcasting SIB13; or

-
the UE is capable of SC-PTM reception and the reselected cell is broadcasting SIB20;

2) Either:

-
SIB15 of the serving cell indicates for that frequency one or more MBMS SAIs included and associated with that frequency in the MBMS User Service Description (USD) TS 26.346 [22] of this service; or

-
SIB15 is not broadcast in the serving cell and that frequency is included in the USD of this service.

If the UE is capable either of MBMS Service Continuity or of SC-PTM reception and is receiving or interested to receive an MBMS service provided on a downlink only MBMS frequency, on a frequency used by dedicated MBMS cells, on a frequency used by FeMBMS/Unicast-mixed cells as defined in TS 36.300 [2], or on a frequency belonging to PLMN different from its registered PLMN, the UE may consider cell reselection candidate frequencies at which it can not receive the MBMS service to be of the lowest priority during the MBMS session TS 36.300 [2], as long as the above mentioned condition 1) is fulfilled for the cell on the MBMS frequency which the UE monitors or this cell broadcasts SIB1-MBMS and as long as the above mentioned condition 2) is fulfilled for the serving cell.

NOTE 2:
Example scenarios in which the previous down-prioritisation may be needed concerns the cases where camping is not possible, while the UE can only receive this MBMS frequency when camping on a subset of cell reselection candidate frequencies, e.g. the MBMS frequency is a downlink only carrier, the MBMS frequency is used by dedicated MBMS cells, the MBMS frequency is used by FeMBMS/Unicast-mixed cells TS 36.300 [2], or the MBMS frequency belongs to a PLMN different from UE's registered PLMN.

If the UE is not capable of MBMS Service Continuity but has knowledge on which frequency an MBMS service of interest is provided, it may consider that frequency to be the highest priority during the MBMS session TS 36.300 [2] as long as the reselected cell is broadcasting SIB13.

If the UE is not capable of MBMS Service Continuity but has knowledge on which downlink only frequency, on which frequency used by dedicated MBMS cells, on which frequency used by FeMBMS/Unicast-mixed cells as defined in TS 36.300 [2] or on which frequency belonging to PLMN different from its registered PLMN an MBMS service of interest is provided, it may consider cell reselection candidate frequencies at which it can not receive the MBMS service to be of the lowest priority during the MBMS session TS 36.300 [2] as long as the cell on the MBMS frequency which the UE monitors is broadcasting SIB13 or SIB1-MBMS.

NOTE 3:
The UE considers that the MBMS session is ongoing using the session start and end times as provided by upper layers in the USD i.e. the UE does not verify if the session is indicated on MCCH.

[…]


5.7. Cell-level prioritization in LTE 
The cell-level prioritization in intra-frequency and equal priority intra-frequency cell reselection in LTE for NB-IoT and UE in CE (including eMTC) is quoted below [15]: 
	5.2.4.6
Intra-frequency and equal priority inter-frequency Cell Reselection criteria

The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:
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where:

Qmeas
RSRP measurement quantity used in cell reselections.
Qoffset

For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.

For inter-frequency:

Except for NB-IoT, equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.

For NB-IoT equals to QoffsetDedicatedfrequency for any frequency other than the frequency of the dedicated frequency offset, if QoffsetDedicatedfrequency is valid, otherwise this equals to Qoffsetfrequency (if QoffsetDedicatedfrequency is valid Qoffsetfrequency is not used).

Qoffsettemp
Offset temporarily applied to a cell as specified in TS 36.331 [3]

QoffsetSCPTM
Offset temporarily applied to an SC-PTM frequency as specified below. The offset is applied to all cells on the SC-PTM frequency. If QoffsetSCPTM is valid, Qoffset for inter-frequency neighbour cells is not used.

If the NB-IoT UE or UE in enhanced coverage is capable of SC-PTM reception and is receiving or interested to receive an MBMS service and can only receive this MBMS service while camping on a frequency on which it is provided (SC-PTM frequency), the UE considers QoffsetSCPTM to be valid during the MBMS session TS 36.300 [2] as long as the following condition is fulfilled:
Either:

-
SIB15 (or SIB15-NB) of the serving cell indicates for that frequency one or more MBMS SAIs included in the MBMS User Service Description (USD) TS 26.346 [22] of this service; or

-
SIB15 (or SIB15-NB) is not broadcast in the serving cell and that frequency is included in the USD of this service.

NOTE:
UE should search for a higher ranked cell on another frequency for cell reselection as soon as possible after the UE stops using QoffsetSCPTM.

[…]
When the UE uses infinite dBs for QoffsetSCPTM, the UE shall use QoffsetSCPTM zero and rank the cells on the SC-PTM frequency(ies) only first. If the UE cannot find a suitable cell on an SC-PTM frequency, the UE shall rank the cells on all frequencies.


where QoffsetSCPTM is configured in SIB5 as scptm-FreqOffset [14]
	SystemInformationBlockType5 ::=

SEQUENCE {


interFreqCarrierFreqList


InterFreqCarrierFreqList,


...,


lateNonCriticalExtension



OCTET STRING
(CONTAINING SystemInformationBlockType5-v8h0-IEs)



OPTIONAL,

[…]

[[
scptm-FreqOffset-r14



INTEGER (1..8)




OPTIONAL
-- Need OP


]],
[…]
SystemInformationBlockType5 field descriptions
[…]
scptm-FreqOffset
Parameter QoffsetSCPTM in TS 36.304 [4]. Actual value QoffsetSCPTM = field value * 2 [dB]. If the field is not present, the UE uses infinite dBs for the SC-PTM frequency offset with cell ranking as specified in TS 36.304 [4].
 


SIB
MTCH
Data for delay-tolerant services
One-step configuration




