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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
An email discussion [1] on MBS idle mode support was organized after RAN2#111-e meeting. In the phase-1, there are majority views on the description of candidate solutions (A1, A2, B) and related impact/further details. In phase-2 discussion, there are also majority views on support of broadcast/some multicast services (e.g. multicast services with low reliability requirement) in idle/inactive mode, and on the down selection between solutions for broadcast/some multicast services in idle/inactive mode.
Even through there are majority views on almost all the aspects, there seems to be some concerns on the support of broadcast/some multicast services in idle/inactive mode. So in section 2.1 we look into these aspects and explain why they should not prevent RAN2 from making progress. Then in section 2.2 some open issues for further discussions are listed. In section 3 our proposals are summarized. 
Discussion
Solution of MBS in idle/inactive mode
In this section, we investigate the topic in the following steps,
1. Whether broadcast and some multicast services are supported in idle/inactive mode.
2. [bookmark: OLE_LINK8]Whether a unified solution is defined for the reception of MBS services in idle/inactive mode.
3. Which solution is chosen.
Whether broadcast and some multicast services are supported in idle/inactive mode 
Support of broadcast in idle/inactive mode
In RAN#89-e meeting, there is an LS [2] from SA2 for clarification on broadcast support.
	1. SA2 is debating whether broadcast (i.e. without the network’s awareness about UEs receiving broadcast contents and for other use cases than the ones excluded already for Rel-17) should be further down-scoped in Rel-17 for remaining broadcast requirement in the SID. Some companies have provided solutions on broadcast (which are documented in the TR). SA2 would like to ask SA, RAN, RAN2 and RAN3 for feedback on broadcast support in Rel-17.


After discussion in RAN#89e meeting, it was concluded that NR-based broadcast is in the scope of RAN WI, according to the LS reply [3] as the following,
	RAN would like to clarify that NR-based broadcast is within the scope of RAN WI for NR MBS in Rel-17, as per the WID approved in RP-201038.


[bookmark: _GoBack]Support of broadcast services reception in idle/inactive mode is the vast majority’s view in the email discussion [1]. However, there is some concern from a few companies on whether service subscription check or authentication for broadcast is required. The logic of that concern is if service subscription check or authentication for broadcast is required, PTM configuration should be received in connected mode. In case PTM configuration is received in connected mode, the reception of broadcast services should reuse the connected mode solution to keep it simple. But based on detailed analysis in Table 1, such concern may not be valid.
Table 1 Analysis to Companies’ concerns
	Companies’ Concerns
	Analysis

	Concern 1: As free to air and ROM (which does not require service subscription check or authentication) is not supported in REL17, so service subscription check or authentication is required for broadcast services which is in the scope of REL17.
	Whether service subscription check or authentication is required is not in the scope of RAN, but it should be discussed in other TSGs.

	Concern 2: Based on Concern 1, PTM configuration is received in Connected mode in case a service subscription check or authentication is required.
	Whether PTM configuration should be received in Connected mode does not depend on whether service subscription check or authentication is required. The main reasons are:
1. Even if service subscription check or authentication is required for broadcast, it performs only one time in connected mode, and it is transparent to RAN. It does not means UE should always stay in connected mode.
2. Whether PTM configuration is received in connected mode for services supported in idle/inactive mode should be decided according to the impact analysis/issues to be addressed. According to [1], to require UEs always acquiring PTM configuration in connected state (i.e., solution A.1) leads to many negative impacts and the increased design complexity.



Based on analysis above, it is clear that whether service subscription check or authentication is required for broadcast services does not impact the support of broadcast services in idle/inactive mode.
Observation 1: Whether service subscription check or authentication is required for broadcast services does not impact the support of broadcast services in idle/inactive mode.
Support of some multicast services in idle/inactive mode
Regarding whether the reception of some multicast services (e.g. multicast services with low reliability requirement) is supported in idle/inactive mode, there is also a substantial majority of companies sharing the same understanding in the email discussion [1]. However, there is one different view from a few companies that multicast should be received only in connected mode because they think multicast is only for services required to support high reliability requirements. 
Based on the SA2 specification [4], the only difference between multicast and broadcast is that UE need to join the multicast session for multicast service. It seems there is no place mentions that multicast is only limited to services required to support high reliability requirements. 
However, even though it seems clear that there is no requirement that multicast should be only for services required to support high reliability requirements,we still think this is not in the scope of RAN and should be decided by SA2 or up to operators. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Observation 2: There is no restriction that multicast is only for services required to support high reliability requirement, but it should be decided by SA2 or up to operators.
Since there is almost consensus (19 of 21 companies support, no any explicit objection) in the email discussion support that the reception of broadcast services in idle/inactive mode, so anyway solution for reception of broadcast services in idle/inactive mode is needed.
Proposal 1: Solution(s) is needed for receiving MBS services (at least broadcast services) in idle/inactive mode.
Whether a unified solution for the reception of MBS services in idle/inactive mode
In the email discussion [1], companies’ views on solution for broadcast and multicast services in idle/inactive mode are collected separately. This is due to some concerns as we addressed already in section 2.1.1. 
However, as we discussed previously there is no restriction that multicast is only for services required high reliability requirement. So support of some multicast services (e.g. multicast services with low reliability requirement) in idle/inactive mode is possible from RAN2 point of view. Furthermore, there is no technical reason to require different solutions for broadcast and some multicast services (e.g. multicast services with low reliability requirement) in idle/inactive mode, respectively. 
Based on these, we have the following proposal, which is also in line with the majority’s view in email discussion [1].
Proposal 2: A unified solution is defined for all MBS services (at least broadcast services) supported in idle/inactive mode.
Which solution is chosen 
Solution A vs. B (B-variant)
In the email discussion [1], there is vast majority’s support for solution B (or B-variant) over solution A.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]More specifically, there seems to be a consensus that solution B (or B-variant) is better than solution A in terms of many aspects, including signaling overhead, configuration latency, UE power consumption, and requirements for future proof. However a concern from a few companies is on the complexity and new design effort of solution B (or B-Variant). Regarding this, it is important to note that by taking LTE SC-PTM solution as the baseline, the design effort and extra complexity are actually not much. As a matter of fact, significant design effort is needed to address the identified key issues (at least issue A1.1~A1.3) of solution A1 as widely acknowledged in the email discussion [1]. 
Based on this we come the following observation. 
Observation 3: By taking LTE SC-PTM solution as the baseline, the design effort and extra complexity of solution B (or B-variant) is less than Solution A.
Solution B vs. B-variant
In this part we compare solution B and B-variant from the following aspects:
1. Design effort.
2. Impact to legacy UEs/UEs not interested in MBS.
3. Flexibility to support various latency requirements on service setup time for different services.
Here for easier reading we copy the description of B and B-variant in the table below, which are also based on vast majority’s understanding in [1],
	Solution B: Use the SC-PTM solution as the baseline, including the following characteristics,
  - A limited amount of MBS control information is provided on e.g. BCCH, to indicate how to acquire the MBS control channel, e.g. MCCH;
  - Most MBS Control information is provided on the MBS control channel, e.g. MCCH;
  - The MBS control channel carries a message to indicate the MBMS related information;
  - MBS radio bearers are transmitted on respective MBS traffic channel, e.g. MTCH(s);
  - A notification mechanism is used to announce the change of MBS Control information.

	Solution B-variant: Use the variant of SC-PTM solution as the baseline, including the following characteristics,
  - MBS Control information is provided on the broadcast channel, e.g. BCCH;
  - MBS radio bearers are transmitted on respective MBS traffic channel, e.g. MTCH(s);
  - A notification mechanism is used to announce the change of MBS Control information.


The key difference between B and B-variant is what kind of channel (MCCH-like or BCCH) is used for carrying the MBS control information. To understand the pros/cons of solution B/B-variant, the comparisons are provided in Table 2.
Table 2 Comparison between solution B and B-variant
	
	Solution B
	Solution B-variant

	Design effort
	Design is needed for the new logical channel (MCCH-like).But design effort could be reduced by reusing SC-PTM mechanism as much as possible.
	No design is need for new channel.
Reuse legacy BCCH.

	[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Impact to legacy UEs/UEs not interested in MBS
	No impact to legacy UEs and UE not interest in MBS as MCCH  is a separate channel, only UE interested in MBS need to monitor the MCCH
	Has impact to legacy UEs/UEs not interest in MBS as the change notification of BCCH is applicable to all UEs.
For such kind of UEs, they would have to read SIB1 to determine whether the SI change has impact on them and then identify which SIB will be changed via reading SIB1. This may leads to more power consumption for UEs. 

	Flexibility to support various latency requirement on service setup time
	Flexible.
MCCH can have a different modification period than BCCH.
A different modification period than BCCH is flexible to meet different latency requirement on service setup time.
	Less flexible.
The change of BCCH could be only introduced in subsequent SI modification period. It is not flexible to meet different latency requirement on service setup time for different services.



Based on the comparisons above, it is obvious that Solution B-variant has more significant impact to legacy UEs/UEs not interested in MBS, and is not as flexible to meet different latency requirement on service setup time. We therefore have the following observation and proposal. 
Observation 4: Compared to solution B-variant, solution B has less impact to legacy UEs and UEs not interested in MBS, and solution B is also flexible to support various latency requirements on service setup time.
Proposal 3: Solution B is used for the reception of all MBS services (at least broadcast services) in idle/inactive mode.
Further Discussion on the open issues
The following open issues have been discussed or mentioned by companies in the email discussion. However, many companies thinks they should be discussed further after down selection between solution A and B is done. So in this section we discuss these open issues further.
    1. Support for deployment on a cell basis.
[bookmark: OLE_LINK16]    2. Whether to support dynamic MBS transmission for MBS services received in idle/inactive mode.
    3. Whether to support UE interest indication from UE in idle/inactive mode.
    4. Unified MBS Configuration for services supported in both idle/inactive and connected mode.
Support for deployment on a cell basis
In LTE, the MBS service is deployed on frequency basis, and the mechanism to enhance the UE service continuity is:
· UE is made aware of which frequency is providing which MBMS services through the combination of USD and SIB15. UE can determine whether to make the frequency which also provides these MBS service(s) a highest priority during the evaluation of cell reselection.
In the email discussion, there is a majority views that the NR MBS can be deployed on a cell basis or on frequency basis. However companies have different views on the following further issues,
Issue 1: Whether to reuse the mechanism in SC-PTM that providing MBS service information for neighboring frequencies (like in SIB15)?
If NR MBS can be deployed on a cell basis, the MBS service information only for neighboring frequencies(like SIB15 in SC-PTM) may not be enough, and a cell list per frequency per MBS service or a list about the services the cell/node could support may be further indicated to the UE, e.g. via BCCH. Whether to indicate the cell level information besides frequency level information could depend on operators’ deployment. From RAN2 point of view, we may need to provide flexible approach to support the possible deployment scenario including deployment on a cell basis and on a frequency basis, as illustrated in Figure 1 and Figure 2 below. Therefore we may need to consider enhancement based on SC-PTM mechanism (SIB15 like).


Figure 1 Deployment on a frequency basis


Figure 2 Deployment on a cell basis
Issue 2: Whether to reuse the mechanism in SC-PTM that prioritizing the frequency providing its interested MBS service during cell reselection?
Some companies think that if we do not follow the SC-PTM mechanism that prioritizing the frequency providing its interested MBS service, it will violate the rule that a UE shall camp on the strongest cell on the certain frequency, or the UE may create interference. This is not true as whether UE prioritize the frequency providing its interested MBS service during cell reselection, it has nothing to do with the principle that UE should camp on the strongest cell on the certain frequency. UE prioritizes the frequency providing its interested MBS service during cell reselection is just for service continuity with the assumption that all the cells on the frequency support the same MBS service.
Then when it comes to NR MBS, if the specific MBS service is deployed on a cell basis like in Figure 2 above, if cell 1 is the serving cell, the interest MBS service is only supported in cell 1, it seems there is no benefit by prioritizing the frequency which cell 1 belongs to.
Observation 5: If the MBS service is deployed on a cell basis, there is no benefit to prioritize the frequency providing the MBS service.
Proposal 4: With the SC-PTM mechanism for deployment on a frequency basis as the baseline, solution for deployment on a cell basis is also necessary.
UE interest indication from UE in idle/inactive mode
According to the solutions in SA2 specification [4], it is a common understanding that multicast can be established to MBS capable RAN nodes dynamically based on whether there is UE joining the Multicast session in the cell coverage. RAN3 also has reached some related agreement in RAN3#109e meeting, as the following,
	RAN may request MBS session resource UP establishment, e.g. in handover (FFS). The signaling procedure (e.g. nested in handover signaling or new procedure, whether a single procedure is used or not) is FFS.


However, it is not clear whether this MBS dynamic transmission mechanism is applicable to services received in idle/inactive mode. In other words, whether the MBS transmission could be setup dynamically in a MBS capable target cell upon UE reselects to the target cell in case there is no corresponding MBS service being transmitted in the target cell upon the cell reselection.
On one hand, it is flexible to support dynamic transmission MBS services (at least broadcast services) receiving in idle/inactive mode. And it is beneficial for radio resource efficiency, i.e. only turn on MBS transmission when a UE in Idle/Inactive mode is interested to receive it.
On the other hand, there may be concerns on the design complexity and UE power consumption to support this.
Therefore, we propose RAN2 to discuss on this aspect further. 
Proposal 5: Discuss whether to support dynamic MBS transmission for MBS services (at least broadcast services) receiving in idle/inactive mode. 
To support dynamic MBS transmission for MBS services (at least broadcast services) supported in idle/inactive mode, NG-RAN node needs to be aware of the MBS services which UE is receiving or interest to receive. This could be one of the reasons for UE interest indication reported from UE in idle/inactive mode.
However, in the email discussion [1], whether to introduce UE interest indication from UE in idle/inactive mode has been discussed, but no consensus is achieved. So we try to discuss it further.
On one hand, reasons of UE interest indication for UE in idle/inactive mode could be summarized as following,
1) A complete statistic of how many UEs are interested in the MBS service could be acquired by the network;
· If UEs in idle/inactive mode could also report the interest to the network, the PTP/PTM switch could be performed more accurately. For example, the network could switch a MBS service from PTP to PTM if the number of UEs of both modes achieved a threshold, or if one or UEs in idle/inactive mode show their interests.
2) To support the dynamic MBS transmission for MBS services (at least broadcast services) in idle/inactive mode, as already discussed in the beginning of this section.
On the other hand, some companies have concerns about the complexity and signaling overhead of UE interest indication from UE in idle/inactive mode. 
Therefore, whether the UE interest indication is needed could be further discussed, and the balance of the benefit of the MBS UE interest indication and the complexity/power consumption should be considered.
Proposal 6: Discuss whether UE interest indication is supported for UE in idle/inactive mode.
Unified MBS Configuration for services supported in both idle/inactive and connected mode
Based on the summary of the Email discussion [1], solution B is the majority view for MBS services (at least broadcast services) supported in idle/inactive mode, so MBS configuration for reception of MBS services supported in idle/inactive mode is acquired on MCCH. For MBS services like broadcast supported in idle/inactive mode, naturally it should also be supported in connected mode if the UE capability supports. Then for such kind of MBS services, how to acquire the MBS configuration for receiving the same MBS service in connected mode should be further discussed.
For a specific MBS service, the QoS requirement in idle/inactive mode and in connected mode should be same (i.e. no UL feedback in in idle/inactive mode and connected mode)
Observation 6: QoS requirement should be the same for a specific MBS service in idle/inactive mode and in connected mode.
Based on above observation, it is natural that the MBS configuration should also be same for both idle/inactive mode and connected mode. Then when it comes to the approach to deliver the MBS configuration of a specific MBS services in different RRC states, theoretically it could be delivered in different manner to UE in different RRC states, i.e. UE in idle/inactive mode receives the MBS configuration via MCCH, but UE in connected mode receives the MBS configuration via dedicated signaling. However it is a waste of dedicated radio resources and may increase the UE power consumption. So the network should only transmit the MBS configuration information via broadcast manner (MCCH-like) to UE in any RRC states. The UE in connected mode should also acquire the MBS configuration via broadcast manner (MCCH-like), similar as the connected mode UE in LTE does.
Proposal 7: MBS configuration should be the same for receiving a specific MBS service in idle/inactive mode and the connected mode, and it should be transmitted in broadcast manner (MCCH-like).
Conclusion
In the previous sections we made the following observations:
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Observation 1: Whether service subscription check or authentication is required for broadcast services does not impact the support of broadcast services in idle/inactive mode.
Observation 2: There is no restriction that multicast is only for services required to support high reliability requirement, but it should be decided by SA2 or up to operators.
Observation 3: By taking LTE SC-PTM solution as the baseline, the design effort and extra complexity of solution B (or B-variant) is less than Solution A.
Observation 4: Compared to solution B-variant, solution B has less impact to legacy UEs and UEs not interested in MBS, and solution B is also flexible to support various latency requirements on service setup time.
Observation 5: If the MBS service is deployed on a cell basis, there is no benefit to prioritize the frequency providing the MBS service.
Observation 6: QoS requirement should be the same for a specific MBS service in idle/inactive mode and in connected mode.
According to the discussion in section 2, we propose:
Proposal 1: Solution(s) is needed for receiving MBS services (at least broadcast services) in idle/inactive mode.
Proposal 2: A unified solution is defined for all MBS services (at least broadcast services) supported in idle/inactive mode.
Proposal 3: Solution B is used for the reception of all MBS services (at least broadcast services) in idle/inactive mode.
Proposal 4: With the SC-PTM mechanism for deployment on a frequency basis as the baseline, solution for deployment on a cell basis is also necessary.
Proposal 5: Discuss whether to support dynamic MBS transmission for MBS services (at least broadcast services) receiving in idle/inactive mode. 
Proposal 6: Discuss whether UE interest indication is supported for UE in idle/inactive mode.
Proposal 7: MBS configuration should be the same for receiving a specific MBS service in idle/inactive mode and the connected mode, and it should be transmitted in broadcast manner (MCCH-like).
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