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1	Introduction
In this contribution the open issues for broadcast are discussed, such as frequency prioritization and operation in connected mode.
[bookmark: _Toc242573354]2	Discussion
2.1	Frequency prioritization
2.1.1	Frequency prioritization (36.304)
While the UE is interested to receive an MBMS/SC-PTM service in idle/inactive mode, the UE considers the frequency on which this MBMS/SC-PTM service is provided to be prioritized: 
· In case of MBMS and priority based cell re-selection, the UE considers the MBMS frequency providing the MBMS service of interest to have the highest frequency priority while the UE is interested. 
· In case of SC-PTM the UE may apply a frequency offset (Qoffsetscptm) for the SC-PTM frequency where a service of interested is provided (during equal priority based cell re-selection, i.e. cell ranking). 
A UE not supporting MBMS service continuity may still consider an MBMS frequency to have the highest priority (during priority based cell re-selection) when the UE is interested to receive an MBMS service on that frequency (i.e. apply frequency prioritization).
2.1.1	Possible deployment scenarios
Terminology for discussion sake:
Interested UE: UE that is interested to receive one or more broadcast sessions.
Broadcast area: Set of gNBs (cells) where MBS broadcast session(s) can be transmitted.
Broadcast frequency: Frequency where broadcast sessions can be received.
Idle mode service continuity becomes complex when the UE is interested to receive multiple concurrent sessions and broadcast sessions are not supported on all gNBs in the broadcast service area, and broadcast sessions are supported on some MBS frequencies only:  
Simple scenario: there is one MBS frequency where all broadcast sessions are supported on all gNBs on that frequency (within the broadcast service area).
Complex scenario: there are multiple MBS frequencies where some sessions are supported on some frequencies on some gNBs of that frequency.
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Figure 1 – Example of a deployment
There are limitations to service continuity, dependent on the deployment scenario: 
· There is no service continuity when the strongest / highest ranked cell on a frequency does not support MBS, or does not support the session the UE is interested in (and neither does the strongest / highest ranked cell on any other MBS frequency).
· UE is interested to receive concurrent sessions on different frequencies
· UE is interested to receive a session provided on a frequency that does not provide full coverage
In email discussion [Post114-e][073][MBS] Service continuity for Delivery Mode 2, the underlying question for companies to consider is whether to reuse SC-PTM mechanisms for with actually going into details on what is required in particular for NR MBS Broadcast. That is, RAN2 needs to discuss the possible deployment scenarios with MBS broadcast, and the use cases that frequency prioritization (i.e. broadcast service continuity) needs to support:
· All gNB on an MBS frequency support MBS?
· All gNBs on an MBS frequency support the same set of broadcast sessions?
· The set of broadcast sessions on MBS frequencies is the same, overlapping or disjunct?
· In case frequency/session info is provided it implies that the MBS session(s) are active?
· Service continuity is based on gNB and/or frequency capability to support broadcast or based on active broadcast session being transmitted on the gNB/frequency (with and without broadcast on -demand functionality)?
· Service continuity for concurrent sessions needs to be supported?
· …
[bookmark: _Toc79078746]RAN2 to discuss the supported broadcast deployment scenarios and the use cases that idle mode service continuity needs to be supported.
Service continuity, as in LTE, may rely on neighbour cell/frequency information provided in system information. But broadcast sessions may dynamically start and stop. To provide accurate information about active sessions in neighbouring cells and/or frequencies is complex and costly for the NW to deploy and maintain, and should be avoided: 
[bookmark: _Toc79078747]For broadcast service continuity in NR the NW does not provide dynamic neighbour cell and/or frequency information which broadcast sessions are actively being broadcasted on that cell or frequency.
The UE behavior needs to be specified when the selected gNB/frequency does not broadcast the session the UE is interested in. And the UE behavior needs to be specified when the UE is no longer interested to receive a broadcast session or when the broadcast session has stopped, e.g. some dispersion behavior may be needed to avoid that MBS UEs congregate on certain cells/frequencies. The impact of MBS service continuity on load balancing in the network should be limited: 
[bookmark: _Toc79078748]The impact of MBS service continuity on load balancing should be minimized.
Assistance information with cell and/or session level granularity is likely to increase the SIB size significantly: 
[bookmark: _Toc79078749]The information size for service continuity in system information should be minimized. 
An MBS UE in idle/inactive may only receive broadcast data via MRB. But when the UE transits to connected mode and continues to receive the broadcast data, the UE will have a unicast DRB configured with the MRB. We do not see the need for dedicated MBS frequencies for broadcast:
[bookmark: _Toc79078750]A gNB supporting MBS broadcast also supports unicast i.e. dedicated MBS frequencies are not supported.
The USD/ESG may provide information to enable service continuity for broadcast session:
· MBSM Session ID (TMGI)
· Start time
· Stop time
· Frequency info
In case frequency info is provided in USD/ESG it is assumed not to be cell specific, i.e. it implies that the session is supported on all gNB within the broadcast service area: 
[bookmark: _Toc79078751]RAN2 to discuss whether USD/ESG may provide frequency info for service continuity. 
2.2	Broadcast in connected
2.2.1	Interested signalling in LTE
Interested signalling enables the UE to indicate that it is interested to receive MBMS/SC-PTM service in connected mode: 
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Figure 2 – MBMS interest indication.
The MBMSInterestIndication message indicates that the UE:
· is receiving / interested to receive (or no longer receiving / interested to receive) MBMS (services) on one or more MBMS frequencies (simultaneously).
· prioritizes MBMS reception above unicast reception (i.e. all MBMS frequencies are prioritized over any unicast bearers).
With mbms-Priority the UE can indicate if the UE prioritizes reception of all indicated MBMS frequencies above reception of any of the unicast bearers. 
In 36.300 it is described that the network tries to ensure that the UE is able to receive MBMS and unicast services subject to the UE's capabilities. The network tries to ensure that the UE is able to receive MBMS and unicast bearers by providing them on the frequencies indicated in SupportedBandCombination. 
The network tries to ensure that the UE which does not support simultaneous reception of unicast transmission and SC-PTM transmission in one subframe on one carrier is able to receive the indicated MBMS services transmitted via SC-PTM and to receive unicast bearers by scheduling them in different subframes.
The UE triggers MBMSInterestIndication message when its interest has changed. The MBMS interest, similar as the UE assistance info, is provided in inter-node message from source eNB to target eNB, and the UE.
The UE may also provide interested MBMS frequencies and interested MBMS services specifically for ROM devices, and provide SCS and Bandwidth info per frequency.
It is optional for a UE supporting MBMS to support MBMS service continuity, i.e. optional without UE capability signalling. The MBMS service continuity refers to the ability to acquire SIB15 (SAI info) and trigger MBMSInterestIndication message (36.331). 
2.2.2	Simultaneous reception of broadcast and unicast/multicast in connected
For NR, RAN2 have discussed whether using a new message for MII, frequency prioritization and assistance information etc. However, before simply porting legacy LTE functionality there should also be discussion which use cases need to be supported, and which combinations are optional/mandatory to support for UE and network:
· Broadcast reception in connected mode
· Reception of simultaneous broadcast sessions 
· Simultaneous reception of broadcast and unicast data 
· Simultaneous reception of broadcast, unicast data  and one or more multicast sessions
· Reception of broadcast session not supported on serving cell frequency in connected mode
Further discussion is needed when a combination is optional for the UE, i.e. which implies that the network needs to be prepared and support it, while UEs may only support the feature in later release (or not at all). 
In case of simultaneous reception, it should be clarified whether simultaneous reception means in the same slot or different slots (or maybe even different frequencies): 
[bookmark: _Toc79078752]RAN2 to discuss the supported use cases for simultaneous reception of broadcast and unicast/multicast in connected mode and whether simultaneous reception means in the same slot or not. 
In case the MBS UE does not support simultaneous reception of unicast and MBS data in the same slot, there is both an impact on unicast/MBS DRX configuration and the scheduler: 
2.2.2.1	DRX configuration
The unicast DRX is configured per UE, and the NW typically configures non-overlapping OnDurations. In case some MBS UEs do not support simultaneous reception of unicast and MBS data in the same slot, the network has to ensure non-overlapping OnDurations for unicast and MBS:
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Figure 3 – Example of onDuration
But UEs come and go in connected mode, and UEs may start to get interested or lose interest to receive broadcast session, i.e. the NW may have to re-configure the MBS DRX when "the interest" changes.
[bookmark: _Toc79078677]UE interested signalling may trigger MBS DRX re-configuration when UEs do not support simultaneous reception of MBS and unicast data in the same slot.  
2.2.2.2	Scheduler
The main purpose of the scheduler is to ensure that the QoS requirements are met, while the use of system resources is maximized. In LTE the UE can indicate whether it prioritize MBMS reception over unicast, but there is an inherent problem how to combine a dedicated UE preference with common MBS scheduling. The scheduling is complicated when the NW has to ensure that MBS and unicast is not scheduled in the same slot for certain UEs based on UE preference signalling, which may change: 
[bookmark: _Toc79078678]NW scheduling has to be adapted dynamically based on UE interested signalling when UEs do not support simultaneous reception of MBS and unicast data in the same slot. 
In our understanding the implication of simultaneous reception of broadcast, multicast and unicast also depends on RAN1 details such as BWP/CFR configuration, supported bandwidth ranges for BC/MC, beam configuration, etc. 
[bookmark: _Toc79078679]Implications for simultaneous reception of BC, MC and unicast depends on RAN1 progress. 
In legacy the UE is capable to receive Paging/SI on the initial BWP simultaneous with unicast data transmitted on the dedicated active BWP, provided that the dedicated BWP is completely overlapping the initial BWP. MBS transmissions are common transmissions received by all (MBS) UEs in the cell, similar as Paging and SI. 
It is assumed that broadcast session is supported on PCell only. RAN2 decided that MBS is only for NR stand alone, i.e. NR-DC is not supported: 
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Figure 4 – Example of a Broadcast area
[bookmark: _Toc79078753]RAN2 to discuss whether broadcast session is supported on PCell only.
2.2.3	Interested signalling
Interested signalling is a UE assistance type of signalling and not a UE requirement that can be guaranteed: 
[bookmark: _Toc79078754]Interested signalling indicates a UE preference, and not a UE requirement that can be guaranteed.
Similar as with UE assistance handling of interested signalling is left to network implementation:
[bookmark: _Toc79078755]Handling of interested signalling by network is left to network implementation.
RAN2 needs to discuss the supported use cases with interested signalling:
· Continuation of broadcast reception when entering connected mode.
· Start of broadcast session reception when becoming interested in connected mode or when session is started in connected mode
· Stop of broadcast session reception when no longer interested in connected mode or when session is stopped in connected mode
· Continue/re-start broadcast reception on target cell after HO:
· not lossless and not part of the unicast HO
· the UE configures broadcast PTM on the target cell (if supported on target cell)
[bookmark: _Toc79078756]RAN2 to discuss the use cases supported with interested signalling.
The service continuity for broadcast service is a best effort type of service, for which there are no guarantees nor QoS (loss, reliability) is defined. The service continuity for broadcast in that aspect is different from the connected mode service continuity for multicast: 
[bookmark: _Toc79078757]Service continuity for broadcast session is a best effort type of service.
Service continuity for broadcast session shall not influence handling of handover procedure nor performance. The UE reconfigures the broadcast session after HO on the target cell. The UE may lose broadcast data during HO. It is not guaranteed that broadcast reception is continued after HO, i.e. target cell/frequency selection during HO has priority over broadcast reception, i.e. the UE shall always be connected to the best cell. The connected and idle mode service continuity for broadcast in that aspect is handled in the similar way:
[bookmark: _Toc79078758]Connected mode service continuity for broadcast session does not impact handover.
2.2.4	Combinations of DL types
The UE requirements for simultaneous reception of PDSCH in DL are specified in section 6.2 in TS 38.202, i.e. for "reception types" B (SI-message), C1 (Paging message), D0 (MSG4) and D1 (unicast). 
The MBS PDSCH RNTI reception types (MTCH GRNTI and MCCH MCCH-RNTI) need to be added and for discussion sake an example is provided below, but this is for RAN1 to decide: 
SI-message on PDSCH
Paging message on PDSCH
Unicast data on PDSCH

Table 6.2-1: Downlink "Reception Types"
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel
	Comment

	A
	PBCH
	N/A
	BCH
	

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Note 1

	C0
	PDCCH
	P-RNTI
	N/A
	Note 1, Note 2

	C1
	PDCCH+PDSCH
	P-RNTI
	PCH
	Note 1

	D0
	PDCCH+PDSCH
	RA-RNTI or Temporary C-RNTI or  MsgB-RNTI
	DL-SCH
	Note 3

	D1
	PDCCH+PDSCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D2
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D3
	PDCCH+PDSCH
	G-RNTI
	DL-SCH
	

	E
	PDCCH
	C-RNTI
	N/A
	Note 4

	...
	…
	…
	…
	…

	Note 1:        These are received from PCell only.



Table 6.2-2: Downlink "Reception Type" combinations
	Supported Combinations 
	Comment

	PCell
	PSCell
	SCell
	

	1. RRC_IDLE

	A + (B and/or C1 and/or D0 and m3*D3) + F0
	
	
	Note 1

	2. RRC_INACTIVE

	A + (B and/or C1 and/or D0 and m3*D3) + F0
	
	
	Note 1

	3. RRC_CONNECTED

	(A + C0 + (B and/or (D0 or (m1*D1+m2*D2) and m3*D3)) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + L0 + L1 + M + N) 
	(A + (D0 or (m1*D1+m2*D2)) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + N) 
	m1*D1 + m2*D2 + E + n*F1 + G + H  + J0 + J1 + J2 + K + O + L0 + L1 + M
	Note 2, Note 3, Note 4, Note 5, Note 6, Note 7, Note 8

	Note 1:       UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:       For PCell, UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.
Note 3:	Supported combinations are subject to UE capabilities for dual connectivity, carrier aggregation, receiving of group TPC commands, pre-emption indication and dynamic SFI monitoring.
Note 4:	The values of m2 ≥ 0 and n≥ 0 in the supported combinations are subject to the UE capability. 
Note 5:	Support of monitoring PDCCH with SL-RNTI, SL-CS-RNTI, SL Semi-Persistent Scheduling V-RNTI are subject to UE capability. 
Note 6:	The values of m1 ≥ 1 in the supported combinations are subject to the UE capability. 
…
Note 7:	In Active time, a UE is not expected to monitor the DCI format for the PDCCH scrambled by PS-RNTI.
Note 8:	The PDCCH scrambled by PS-RNTI can only be configured on the PCell and PSCell.
Note 9: 	The values of m3 ≥ 0 in the supported combinations are subject to the UE capability.


Via (optional) UE capability the UE indicates the number of PDSCHs it can receive in a slot (38.306, 38.331), i.e. up to 2, 4 or 7: 
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	pdsch-ProcessingType1-DifferentTB-PerSlot
Defines whether the UE capable of processing time capability 1 supports reception of up to two, four or seven unicast PDSCHs for several transport blocks with PDSCH scrambled using C-RNTI, TC-RNTI, or CS-RNTI in one serving cell within the same slot per CC that are multiplexed in time domain only.
Note PDSCH(s) for Msg.4 is included.
	FS
	No
	N/A
	N/A


    pdsch-ProcessingType1-DifferentTB-PerSlot SEQUENCE {
        scs-15kHz           ENUMERATED {upto2, upto4, upto7}                  OPTIONAL,
        scs-30kHz           ENUMERATED {upto2, upto4, upto7}                  OPTIONAL,
        scs-60kHz           ENUMERATED {upto2, upto4, upto7}                  OPTIONAL,
        scs-120kHz          ENUMERATED {upto2, upto4, upto7}                  OPTIONAL
    }                                                                         OPTIONAL,
[bookmark: _Toc79078759]RAN2 to wait for RAN1 agreements concerning the DL combinations types and UE capabilities for MBS.
We think that it is reasonable to assume that legacy DL combination types are not impacted when the UE support MBS to avoid impact on legacy features like paging and system information: 
[bookmark: _Toc79078760]RAN2 assumes that legacy DL combination types, i.e. Paging and System information, are not impacted when UE supports MBS.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	UE interested signalling may trigger MBS DRX re-configuration when UEs do not support simultaneous reception of MBS and unicast data in the same slot.
Observation 2	NW scheduling has to be adapted dynamically based on UE interested signalling when UEs do not support simultaneous reception of MBS and unicast data in the same slot.
Observation 3	Implications for simultaneous reception of BC, MC and unicast depends on RAN1 progress.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss the supported broadcast deployment scenarios and the use cases that idle mode service continuity needs to be supported.
Proposal 2	For broadcast service continuity in NR the NW does not provide dynamic neighbour cell and/or frequency information which broadcast sessions are actively being broadcasted on that cell or frequency.
Proposal 3	The impact of MBS service continuity on load balancing should be minimized.
Proposal 4	The information size for service continuity in system information should be minimized.
Proposal 5	A gNB supporting MBS broadcast also supports unicast i.e. dedicated MBS frequencies are not supported.
Proposal 6	RAN2 to discuss whether USD/ESG may provide frequency info for service continuity.
Proposal 7	RAN2 to discuss the supported use cases for simultaneous reception of broadcast and unicast/multicast in connected mode and whether simultaneous reception means in the same slot or not.
Proposal 8	RAN2 to discuss whether broadcast session is supported on PCell only.
Proposal 9	Interested signalling indicates a UE preference, and not a UE requirement that can be guaranteed.
Proposal 10	Handling of interested signalling by network is left to network implementation.
Proposal 11	RAN2 to discuss the use cases supported with interested signalling.
Proposal 12	Service continuity for broadcast session is a best effort type of service.
Proposal 13	Connected mode service continuity for broadcast session does not impact handover.
Proposal 14	RAN2 to wait for RAN1 agreements concerning the DL combinations types and UE capabilities for MBS.
Proposal 15	RAN2 assumes that legacy DL combination types, i.e. Paging and System information, are not impacted when UE supports MBS.
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