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1. Introduction
RAN#95e approved the Rel-17 Stage-3 specifications for Multicast Broadcast Services (MBS), including TS38.304 [1] and TS38.331 [2]. After detailed check, a possible issue due to the frequency of interest in MBS Interest Indication was identified, which may have negative impacts on the broadcast service continuity in some deployments. 
In this contribution, the potential issue on frequency of interest reported in MBS Interest Indication is discussed. 
2. Discussion 
2.1. Deployment scenario in TS 38.304 

In TS38.304, it’s captured as a Note that it’s up to UE implementation how to use the frequency information in USD, for the frequency prioritization in cell reselection procedure [1]. 
	NOTE 7: It is up to UE implementation how to use information in USD to determine whether/how to do the frequency prioritization for specific frequency/frequencies included in USD.


Observation 1 It’s up to UE implementation whether to use the frequency information in SIB21 or in USD, for frequency prioritization during cell reselection. 
Accordingly, TS38.304 captured the three conditions for the UE to prioritize the frequency of interest, i.e., under 2) below [1]. 

	If the MBS broadcast capable UE is receiving or interested to receive an MBS broadcast service(s) and can only receive this MBS broadcast service(s) by camping on a frequency on which it is provided, the UE may consider that frequency to be the highest priority during the MBS broadcast session as specified in TS 38.300 [2] as long as the two following conditions are fulfilled:
1)
The cell reselected by the UE due to frequency prioritization for MBS is providing SIB20;
2)
Either:

-
One or more MBS FSAI(s) of that frequency is indicated in SIB21 of the serving cell and the same MBS FSAI(s) is also indicated for this MBS broadcast service in MBS User Service Description (USD) as specified in TS 26.346 [20], or
-
SIB21 is not provided in the serving cell and that frequency is included in the USD of this service, or
-
SIB21 is provided in the serving cell but does not provide the frequency mapping for the concerned service, and that frequency is included in the USD of this service.


According to the last condition (i.e., yellow part above), it’s assumed the gNB may not provide any frequency information in SIB21 in some deployments, even if SIB21 itself is broadcasted. 
Observation 2 The gNB may provide no frequency information in SIB21, even if SIB21 is broadcasted. 
2.2. Potential issue of service continuity in RRC Connected
2.2.1. MBS frequencies of interest determination 

For UEs in Connected, the broadcast service continuity is ensured by the gNB, considering MBS Interest Indication sent by the UE [2]. MBS Interest Indication may optionally contain the three information, i.e., the frequency of interest, the service of interest, and the priority between unicast and broadcast. 
TS38.331 captures how the UE determines the frequencies of interest to be included in MBS Interest Indication as follows [2]. 

	5.9.4.3
MBS frequencies of interest determination

The UE shall:

1>
consider a frequency to be part of the MBS frequencies of interest if the following conditions are met:

2>
at least one MBS session the UE is receiving or interested to receive via a broadcast MRB is ongoing or about to start; and

NOTE 1:
The UE may determine whether the session is ongoing from the start and stop time indicated in the User Service Description (USD), see TS 38.300 [2] or TS 23.247 [67].

2>
for at least one of these MBS sessions SIB21 acquired from the PCell includes for the concerned frequency one or more MBS FSAIs as indicated in the USD for this session; and

NOTE 2:
The UE considers a frequency to be part of the MBS frequencies of interest even though NG-RAN may (temporarily) not employ a broadcast MRB for the concerned session, i.e. the UE does not verify if the session is indicated on MCCH.

2>
the supportedBandCombination the UE included in UE-NR-Capability contains at least one band combination including the set of MBS frequencies of interest (i.e. the UE is capable of simultaneously receiving broadcast MRBs on the set of MBS frequencies of interest);

NOTE 3:
When evaluating whether the UE is capable of simultaneously receiving broadcast MRBs on the set of MBS frequencies of interest, the UE does not take into account the serving frequencies that it is currently configured with i.e. the UE only considers MBS frequencies it is interested to receive regardless of whether these can be received together with the current serving cells or not.


The UE can determine the frequency of interest only when all conditions are met (i.e., the three “2>” parts above). Especially for the second condition (i.e., highlighted in blue above), SIB21 needs to provide MBS FSAI for concerned frequency. 
Observation 3 The UE is allowed to determine the frequency of interest to be reported in MBS Interest Indication when MBS FSAI for this frequency is provided in SIB21. 
In light of Observation 2 above, if the gNB does not provide the frequency information in a certain deployment, it means the gNB does not provide SAI list for concerned frequency(s). 
Observation 4 The gNB does not provide MBS FSAI list for different frequency(s), in case the gNB provides no frequency information as in Observation 2. 
In this case, the UE cannot consider this frequency as the frequency of interest; thus, the UE cannot report it in MBS Interest Indication as in Observation 3 above. It means the broadcast service continuity on that frequency is not taken into account by the gNB. 
Observation 5 The UE is not allowed to determine the frequency of interest for MBS Interest Indication as in Observation 3, in case the gNB provides no MBS FSAI list in SIB21 as in Observation 4. 
It’s a bit strange that the UE in Connected cannot use the frequency information in USD for MBS Interest Indication if SIB21 provides no MBS FSAI list (or no frequency information) as in Observation 5, while the UE in IDLE/INACTIVE can use the frequency in USD for cell reselection even if SIB21 provides no frequency information (or no MBS FSAI list) as in Observation 1.  In other words, in this deployment scenario, the broadcast service continuity is ensured for UEs in IDLE/INACTIVE, but it’s not for UEs in Connected. 
Observation 6 In some deployments, the broadcast service continuity cannot be ensured for UEs in Connected as per Observation 5, while it can be for UEs in IDLE/INACTIVE as per Observation 1. 
Given the observations above, RAN2 should discuss whether the handling of frequency information in USD needs to be aligned between cell reselection and MBS Interest Indication.  If it should be aligned, a couple of solutions could be considered as follows: 
· Option 1: Remove the bule part above. 
· Option 2: Add the alternative condition “or in the case there isn’t a concerned frequency for the MBS session available in SIB21, the concerned frequency may be determined by the USD” following the bule part above. 

With either option, the UE can determine the frequency of interest, so the broadcast service continuity is ensured in all deployment scenarios (if it’s reported by MBS Interest Indication). 

Proposal 1 RAN2 should discuss if the UE may include the frequency in USD in MBS Interest Indication even if this frequency is not provided in SIB21, similar to the frequency prioritization in cell reselection. 
Proposal 2 If Proposal 1 is agreeable, RAN2 should further discuss whether to adopt Option 1 to remove the sentence “2> for at least one of these MBS sessions SIB21 acquired from the PCell includes for the concerned frequency one or more MBS FSAIs as indicated in the USD for this session”, or to adopt Option 2 to add condition “or in the case there isn’t a concerned frequency for the MBS session available in SIB21, the concerned frequency may be determined by the USD”, in section 5.9.4.3 of TS 38.331 running CR. 
If Proposal 2 is agreeable, examples of text changes are provided in Annex 1 below. 
2.2.2. Setting of the contents of MBS Interest Indication
Another relevant issue is found in section 5.9.4.5 for “Setting of the contents of MBS Interest Indication” in TS38.331 [2] as follows. 

	5.9.4.5
Setting of the contents of MBS Interest Indication
The UE shall set the contents of the MBS Interest Indication as follows:

1>
if the set of MBS frequencies of interest, determined in accordance with 5.9.4.3, is not empty:

2>
include mbs-FreqList and set it to include the MBS frequencies of interest sorted by decreasing order of interest, using the absoluteFrequencySSB for serving frequency, if applicable, and the ARFCN-ValueNR(s) as included in SIB21 (for neighbouring frequencies);


As highlighted in pink, the UE cannot include the frequencies of interest in MBS Interest Indication, even if it has determined the frequencies of interest (e.g., by Proposal 2 above), in case the gNB provides no frequency information in SIB21. 

Observation 7 The UE is not allowed to include the frequency of interest even if it has determined the frequency of interest, in case the gNB provides no frequency information in SIB21. 
If Proposal 1 above is agreeable, three options would be further considered to resolve the issue as follows: 
· Option A: Remove the pink part above. 

· Option B: Add the alternative condition “include mbs-FreqList for the MBS session of interest from the USD” to the pink part above. 

· Option C: Add the alternative condition for referring to the ARFCN in SIB4 (NR inter-frequency) and/or SIB5 (Inter-RAT inter-frequency), instead of SIB21. 

With either option, the UE can report the frequency of interest, regardless of whether or not the gNB provides the frequency information in SIB21. So, the broadcast service continuity is ensured in all deployment scenarios. 

Proposal 3 If Proposal 1 is agreeable, RAN2 further discuss whether to adopt Option A to remove the sentence “the ARFCN-ValueNR(s) as included in SIB21 (for neighbouring frequencies)”, or to adopt Option B to add the alternative condition “include mbs-FreqList for the MBS session of interest from the USD”, or to adopt Option C to add alternative condition for referring to the ARFCN in SIB4 add/or SIB5, in section 5.9.4.3 of TS 38.331. 
If Proposal 3 is agreeable, the examples of changes are provided in Annex 2 below. 

3. Conclusion 
In this contribution, the potential issue of broadcast service continuity is discussed, and the simple solutions are suggested.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
It’s up to UE implementation whether to use the frequency information in SIB21 or in USD, for frequency prioritization during cell reselection.
Observation 2
The gNB may provide no frequency information in SIB21, even if SIB21 is broadcasted.
Observation 3
The UE is allowed to determine the frequency of interest to be reported in MBS Interest Indication when MBS FSAI for this frequency is provided in SIB21.
Observation 4
The gNB does not provide MBS FSAI list for different frequency(s), in case the gNB provides no frequency information as in Observation 2.
Observation 5
The UE is not allowed to determine the frequency of interest for MBS Interest Indication as in Observation 3, in case the gNB provides no MBS FSAI list in SIB21 as in Observation 4.
Observation 6
In some deployments, the broadcast service continuity cannot be ensured for UEs in Connected as per Observation 5, while it can be for UEs in IDLE/INACTIVE as per Observation 1.
Proposal 1
RAN2 should discuss if the UE may include the frequency in USD in MBS Interest Indication even if this frequency is not provided in SIB21, similar to the frequency prioritization in cell reselection.
Proposal 2
If Proposal 1 is agreeable, RAN2 should further discuss whether to adopt Option 1 to remove the sentence “2> for at least one of these MBS sessions SIB21 acquired from the PCell includes for the concerned frequency one or more MBS FSAIs as indicated in the USD for this session”, or to adopt Option 2 to add condition “or in the case there isn’t a concerned frequency for the MBS session available in SIB21, the concerned frequency may be determined by the USD”, in section 5.9.4.3 of TS 38.331 running CR.
Observation 7
The UE is not allowed to include the frequency of interest even if it has determined the frequency of interest, in case the gNB provides no frequency information in SIB21.
Proposal 3
If Proposal 1 is agreeable, RAN2 further discuss whether to adopt Option A to remove the sentence “the ARFCN-ValueNR(s) as included in SIB21 (for neighbouring frequencies)”, or to adopt Option B to add the alternative condition “include mbs-FreqList for the MBS session of interest from the USD”, or to adopt Option C to add alternative condition for referring to the ARFCN in SIB4 add/or SIB5, in section 5.9.4.3 of TS 38.331.
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5. Annex 1 

The examples of options in Proposal 2 are shown with red pen below. 

Option 1: Remove the bule part above.
	5.9.4.3
MBS frequencies of interest determination

The UE shall:

1>
consider a frequency to be part of the MBS frequencies of interest if the following conditions are met:

2>
at least one MBS session the UE is receiving or interested to receive via a broadcast MRB is ongoing or about to start; and

NOTE 1:
The UE may determine whether the session is ongoing from the start and stop time indicated in the User Service Description (USD), see TS 38.300 [2] or TS 23.247 [67].

2>
for at least one of these MBS sessions SIB21 acquired from the PCell includes for the concerned frequency one or more MBS FSAIs as indicated in the USD for this session; and


Option 2: Add the alternative condition “or in the case there isn’t a concerned frequency for the MBS session available in SIBx1, the concerned frequency may be determined by the USD” following the bule part above. 

	5.9.4.3
MBS frequencies of interest determination

The UE shall:

1>
consider a frequency to be part of the MBS frequencies of interest if the following conditions are met:

2>
at least one MBS session the UE is receiving or interested to receive via a broadcast MRB is ongoing or about to start; and

NOTE 1:
The UE may determine whether the session is ongoing from the start and stop time indicated in the User Service Description (USD), see TS 38.300 [2] or TS 23.247 [67].

2>
for at least one of these MBS sessions SIB21 acquired from the PCell includes for the concerned frequency one or more MBS FSAIs as indicated in the USD for this session or in the case there isn’t a concerned frequency for the MBS session available in SIBx1, the concerned frequency may be determined by the USD; and


6. Annex 2 

The examples of options in Proposal 3 are shown with red pen below. 

Option A: Remove the pink part above. 

	5.9.4.5
Setting of the contents of MBS Interest Indication
The UE shall set the contents of the MBS Interest Indication as follows:

1>
if the set of MBS frequencies of interest, determined in accordance with 5.9.4.3, is not empty:

2>
include mbs-FreqList and set it to include the MBS frequencies of interest sorted by decreasing order of interest, using the absoluteFrequencySSB for serving frequency, if applicable, and the ARFCN-ValueNR(s) as included in SIB21 (for neighbouring frequencies);


Option B: Add the alternative condition “include mbs-FreqList for the MBS session of interest from the USD” to the pink part above. 

	5.9.4.5
Setting of the contents of MBS Interest Indication
The UE shall set the contents of the MBS Interest Indication as follows:

1>
if the set of MBS frequencies of interest, determined in accordance with 5.9.4.3, is not empty:

2>
If mbs-SAI-InterFreqList is included in SIB21, include mbs-FreqList and set it to include the MBS frequencies of interest sorted by decreasing order of interest, using the absoluteFrequencySSB for serving frequency, if applicable, and the ARFCN-ValueNR(s) as included in SIB21 (for neighbouring frequencies);

2> else if mbs-SAI-InterFreqList is not included in SIB21, include mbs-FreqList for the MBS session of interest from the USD.


Option C: Add the alternative condition for referring to the ARFCN in SIB4 (NR inter-frequency) and/or SIB5 (Inter-RAT inter-frequency), instead of SIBx1. 

	5.9.4.5
Setting of the contents of MBS Interest Indication
The UE shall set the contents of the MBS Interest Indication as follows:

1>
if the set of MBS frequencies of interest, determined in accordance with 5.9.4.3, is not empty:

2>
If mbs-SAI-InterFreqList is included in SIB21, include mbs-FreqList and set it to include the MBS frequencies of interest sorted by decreasing order of interest, using the absoluteFrequencySSB for serving frequency, if applicable, and the ARFCN-ValueNR(s) as included in SIB21 (for neighbouring frequencies);

2> else if mbs-SAI-InterFreqList is not included in SIB21, include mbs-FreqList and set it to include the MBS frequencies of interest sorted by decreasing order of interest, using the absoluteFrequencySSB for serving frequency, if applicable, and the ARFCN-ValueNR(s) as included in SIB4 and/or SIB5 (for neighbouring frequencies);


