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1	Introduction
Support for MBMS was introduced to E-UTRAN in Release 9 via single frequency network mode of operation (MBSFN), which could be provided on a same frequency layer as regular unicast. In NR multicast services are to be supported as well as broadcast services, but these are not provided via MBSFN. In this paper we focus on discussing how to provide broadcast services in NR MBS WI.
2	Discussion
RAN2 has agreed to support broadcast services in IDLE/INACTIVE states. Supporting multicast designed to support high reliability services in CONNECTED also in IDLE/INACTIVE naturally would require quite some work to allow sufficient reliability in a state where there cannot be any feedback from UE. We also believe that it was not the intention to provide a reliable multicast or broadcast service in the IDLE/INACTIVE state as the improved reliability objective is listed under the CONNECTED state. It seems to be that lower reliability broadcast services could be supported in the IDLE/INACTIVE state. It does not seems then anymore required to support similar reliability multicast services in IDLE/INACTIVE. 
Observation 1: Supporting both lower reliability broadcast and multicast services in IDLE/INACTIVE would cause unnecessary work in RAN WGs.
[bookmark: _GoBack]It is not very clear what kind of reliability requirements would apply to MBS services in the IDLE/INACTIVE state. As the broadcast service can provide lower reliability services already it would seem good not to start working on supporting multicast in IDLE/INACTIVE but focus work on broadcast services and if time allows, we could add multicast support. 
Observation 2: Supporting two different ways (i.e. multicast and broadcast) to provide low reliability services in IDLE/INACTIVE is not practical
From observation 1, it can be further concluded that lower reliability broadcast could be received by UEs in all RRC states depending on UE’s radio capabilities and actual configuration.  On the other hand, higher reliability multicast can be effectively provided only for UEs in the CONNECTED state. 
Broadcast receiving UEs are not required to join broadcast session and the reception of broadcast configuration by a UE in the IDLE/INACTIVE state requires the UE to be provisioned with a broadcast bearer identity (this would be TMGI or its equivalent in 5G), but this is not needed for multicast and one should not require allocation of global identifier for multicast.. The global identifier is used to identify whether a broadcast service and the corresponding broadcast bearer identity is provided in a cell. Whereas, the network establishes a radio bearer for a multicast session only when the UE joins the multicast session and thus there is no need to continuously monitor MCCH for modification and decoding MCCH each time a service is started to check whether started service is a service in which the UE is interested or not. 
Observation 3: Multicast service does not require a global bearer service identifier.
Another difference between broadcast and multicast is likely PTP/PTM switching which in our view is to be supported for multicast services in CONNECTED state but PTP/PTM switching support in IDLE is not critical and would require complex mechanisms to be introduced starting with a counting procedure. It is also worth noting that reception in PTP is not possible for ROM UEs even though ROM UEs are not in the scope of Rel-17. As for the multicast “counting” in CONNECTED can easily be realized as the network has the UE context and the UE has joined multicast session there is no need for separate counting procedure for multicast support. 
PTM for broadcast (i.e. delivery mode 2) is also expected to be different from PTM for multicast (i.e. delivery mode 1) where PTM for multicast is assumed to provide improved spectral efficiency in comparison to PTM for broadcast through exploiting the fact that the network has a complete knowledge about receiving UEs that allows the use of adaptive modulation and coding and HARQ retransmissions while details of achieving these techniques are being worked on by RAN1. 
Observation 4: In order to support PTM/PTM switching multicast services do not require counting procedure in RRC_CONNECTED state. Moreover, the network has a complete knowledge of the receiving UEs and, when it switches to PTM for multicast, improve spectral efficiency of PTM transmission can be achieved by efficient adaptive modulation and coding in combination with HARQ.
As explained above there are several differences between broadcast and multicast support in IDLE/INACTIVE and in order to ease RAN WG work we propose:
Proposal 1: Focus work on supporting broadcast services in IDLE/INACTIVE and only if time allows start working on supporting multicast in IDLE/INACTIVE.
3	Discussion on MCCH/MTCH for broadcast
In LTE MBMS solution one has single MCCH and this is logical as a UE camping on a carrier will receive wide carrier bandwidth. But in NR UE’s camping on a cell will only currently receive initial BWP where the UE can receive BCCH and PCCH. When considering providing MBMS service in NR it will be difficult or basically almost impossible to provide appropriate service level for UEs only receiving initial BWP due to capacity limitations. 
Proposal 2: It shall be possible to schedule MTCH on different BWP than initial BWP
If the MTCH could reside on BWP not containing initial BWP then we have bit of challenge how the UE will be able to perform regular idle activities e.g. paging, BCCH updates and emergency service reception as well as possible updates to broadcast services available (e.g. indicated on MCCH). Basically, we would have few options possible to ensure that these actions are possible while receiving MTCH:
1. BWP where MTCH is sent fully contains initial BWP
2. UE would be indicated updates on services required in IDLE while receiving MTCH on same BWP where MTCH is sent. The BWP may not overlap with initial BWP.
3. We would allow UE to retune receiver to get initial BWP in order to perform required idle activities 
Let’s discuss these options in more detail:
	BWP where MTCH is sent fully contains initial BWP

	UE would be indicated updates on services required in IDLE while receiving MTCH on same BWP where MTCH is sent

	We would allow UE to retune receiver to get initial BWP in order to perform required idle activities

	Pros:
· Simple
· no RF retuning
· no overhead
Cons:
· Require unnecessary wide BWP to be used to receive MTCH thus causing extra power consumption for  the UE. 
· Also if initial BWP MCCH is used to indicates changes then UE would need to regularly check MCCH to check updates to broadcast services. 
· Still only limited capacity of a cell available to broadcast
	Pros:
· No need for RF retuning
· BWP could be optimized for each service
· 
Cons:
· Extra overhead to provide indication to UE

	Pros:
· No overhead
Cons:
· RF retuning required causing added latency to broadcast and possibly interruption in broadcast reception due to UE specific timing 




On time domain from UE power consumption point of view optimal would be to provide LTE like MCCH information same time as MTCH is received so that RF retuning would not be required.
Observation 5: UE power consumption point of view optimal would be to provide broadcast service announcements same time as MTCH is received so that RF retuning would not be required
But one needs to consider time domain aspects in more detail i.e. In IDLE (without MBMS) UE basically is only needed to regularly receive paging message while camping on a cell. 
But if we would have MCCH then UE would need to receive that in addition. Optimally MCCH would be designed in such a way that whenever UE needs to receive paging also MCCH information is provided but as UEs are distributed and also there are different periodicities of DRX in IDLE/INACTIVE for different UEs then it would be basically impossible to provide common MCCH so that it is optimally located for each UE. In addition to that, MCCH modification period can be very low (e.g. LTE may use SC-MCCH modification as low as 20 ms) to meet low latency requirement of some services.
Observation 6: It is impossible to provide common MCCH so that UE power consumption is minimized for each UE
One would need to consider situations when UE is interested to receive both multicast (and unicast) and broadcast services at a same time. Easiest from network perspective would be that there would be different receivers for unicast/multicast and broadcast services as then there would not be any scheduling restriction for the network i.e. no need to provide UE with such a configuration for all the UEs that they are able to receive broadcast/unicast same time. 
Observation 7: UEs interested in both multicast and broadcast services would be simplest to realize if UE’s would have different receivers for multicast and broadcast services
But this might be too cumbersome for some implementations and it is worthwhile to consider how we could achieve solutions that do not require this limitation: 
In order to allow this basically bit similar solutions would be applicable to IDLE/INACTIVE UEs but now in addition to PCCH and broadcast service announcement reception there would be needed to provide unicast/multicast services. Either NW can try to always configure very wide BWP so that reception all of these are possible same time or then NW tries to provide unicast/multicast services on a BWP overlapping with broadcast BWP. But of course, there could be situation that UE is interested in broadcast service which is on different band completely than unicast/multicast services and then such a optimization would not be possible.
One way to ease network scheduling is to provide SC-PTM configuration in dedicated signaling in connected state thus not requiring reception of MCCH in connected state making it simpler for NW to schedule multicast/unicast services as the BWP configuration is not that limited.
Proposal 3 Dedicated signalling of PTM configuration is allowed for NR MBS delivery mode 2 (in connected state).
4	Multiple MCCH
4.1	Overview of SC-PTM configuration in LTE
SC-PTM configuration uses the combination of SIB (i.e. SIB20) and SC-MCCH. The updates of SC-MCCH information are governed by the concept of modification period. The SC-MCCH modification period defines the boundaries at which the SC-MCCH information may change. The SC-MCCH information change is required when an MBMS service is started because an SC-MTCH configuration needs to be added to the list of MBMS services being provided by a cell. Thus, in principle, the modification period defines the latency with which an MBMS service can be started. From the UE’s perspective, the modification period defines the frequency with which a UE must receive PDCCH to check whether the SC-MCCH information has changed and shall be acquired.
It can be easily understood that various services may have different latency requirements. If fact, the SC-MCCH modification period defined for SC-PTM considers this by allowing the values of the modification period to range from 20 ms up to around 11 minutes (655 360 ms). However, in the presence of MBMS services with quite different requirements (e.g. consider the extreme values of the SC-MCCH modification period) the fact that LTE supports only one SC-MCCH introduces an undesirable burden of frequent monitoring for SC-MCCH information changes with obvious impacts by UEs that are interested in the reception of a service with less constrained latency requirement. 
Proposal 4: NR MBS shall support multiple MCCHs for the configuration of delivery mode 2 because the support of only single MCCH may negatively impact UEs in the presence of broadcast services with different latency requirements for the start of service. 
4.2	Multiple MCCH 
The presence of multiple MCCH introduces a challenge because a UE interested in an MBS broadcast service will need to find out what MCCH shall convey the configuration of traffic channel for the service and what is the modification period of the corresponding MCCH. This challenge can be addressed in many ways, examples are given below.
As mentioned above, the main driver for the support of multiple MCCHs is a difference between latency requirements of associated MBS broadcast services. Although the 5G QoS model does not define an explicit QoS parameter that would define the latency of the start of MBS broadcast service, the 5G QoS model defines the packet delay budget (PDB) that could be used instead in a MCCH selection process as follows
1.	It can be assumed that a UE is provisioned by QoS parameters. xMB interface supports requests from a content provider (an AF in 5GS) that include QCI values as part of MCExtension feature. Thus, it can be assumed that the AF could provision the UE with QoS parameters associated with the 5QI if non-standardized 5QI is used in an application specific manner or as part of an updated USD definition or the UE could derive QoS parameters from a standardized 5QI value.
2.	A new MBS SIB, which is used to provide configuration of MCCHs, could include a range of PDB values associated with each MCCH.
3.	The UE interested in receiving an MBS broadcast service can then map PDB associated with the service to the PDB range in the MBS SIB and thus the UE can select the configuration of corresponding MCCH including the modification and repetition periods as shown in Figure 2.2-1.   


Figure 2.2-1: Configuration of multiple MCCHs based on QoS
Instead of provisioning QoS parameters associated with an MBS broadcast service, please note that there could be more than one MBS QoS flows with different QoS parameters, the selection of MCCH could be based on TMGI with the MBS SIB broadcasting TMGI ranges. This alternative approach would require that a coordinated TMGI allocation that could be achieved by O&M configuration. The CN should allocate a TMGI from a certain range based on the required QoS parameters of MBS broadcast service or service QoS flows. The TMGI ranges together with an expected latency to be provided for MBS broadcast services in the TMGI range can be then configured to RAN using O&M.
Proposal 5: When multiple MCCHs are used, the MCCH configuration information provided in, e.g., MBS SIB shall include a selection information, e.g. PDB or TMGI ranges, that allows the UE to select the correct MCCH that will be used to configure a traffic channel for the MBS broadcast service, which the UE is interested to receive, when the service starts.  

5	Service continuity in IDLE 
In LTE, USD main purpose is to configure list of broadcast services and frequencies of support etc. Based on USD list, UE can search for a frequency to acquire SIB15 and UE reselects to frequency with interested broadcast service. The same approach can be used for NR Broadcast as well. Content of USD may rely on the input from SA/CT WGs we cannot yet decide contents of applicable SIBs but generally principle of allowing prioritization of camping on frequency providing interested service could be taken as baseline. As we do not support cell specific reselection prioritization in NR it does not seem to be necessary to provide any cell specific information for service continuity purpose.
Proposal 6: Take frequency prioritization as a mean for service continuity in IDLE/INACTIVE based on USD information in system information
Proposal 7: Do not introduce cell specific information for SIBs
6	Conclusion
In this paper we discussed IDLE/INACTIVE operation for multicast and broadcast services and came to following observations and proposals:
Proposal 1: Focus work on supporting broadcast services in IDLE/INACTIVE and only if time allows start working on supporting multicast in IDLE/INACTIVE.
Proposal 2: It shall be possible to schedule MTCH on different BWP than initial BWP
Proposal 3 Dedicated signalling of PTM configuration is allowed for NR MBS delivery mode 2 (in connected state).
Proposal 4: NR MBS shall support multiple MCCHs for the configuration of delivery mode 2 because the support of only single MCCH may negatively impact UEs in the presence of broadcast services with different latency requirements for the start of service. 
Proposal 5: When multiple MCCHs are used, the MCCH configuration information provided in, e.g., MBS SIB shall include a selection information, e.g. PDB or TMGI ranges, that allows the UE to select the correct MCCH that will be used to configure a traffic channel for the MBS broadcast service, which the UE is interested to receive, when the service starts.  
Proposal 6: Take frequency prioritization as a mean for service continuity in IDLE/INACTIVE based on USD information in system information
Proposal 7: Do not introduce cell specific information for SIBs
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