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1. Introduction
MBS is provided in R17 for an NR cell. In R17, MCCH is used to carry the configuration informations of all broadcast sessions in an NR cell. In order to reduce the radio resource consumption by MCCH as much as possible, a new MCCH transmission method is provided with the related proposals in the contribution.
2. MCCH transmission method in R17
MCCH is transmitted according to the MCCH modification period and MCCH repetition period. The content of MCCH can be modified from the starting point of each MCCH modification period. Within each MCCH modification period, the same content of MCCH is repeatedly transmitted in each MCCH repetition period. Each MCCH repetition period contains an MCCH transmission window. The PDCCH with CRC scrambled with MCCH-RNTI and the MCCH specific PDSCH are transmitted during the MCCH transmission window.
Use Tm and Tr to represent the MCCH modification period and MCCH repetition period respectively, where the unit of Tm/Tr is ms. C=Tm/Tr means MCCH is repeatedly transmitted C times within each MCCH modification period.
MBS has different service types. The different service types has different QOS requirements, which means different service types have different delay requirements and different reliability requirements. In order to meet the different QOS requirements of different service types, both the MCCH modification period and MCCH repetition period are usually set with smaller values, which means much more radio resource consumption by MCCH. The MCCH modification period and MCCH repetition period determine the transmission frequency of the configuration informations of different service types. According to the MCCH transmission method in R17, the configuration informations of different service types have the same transmission frequency, which means the unnecessary radio resource consumption for some service types which are not delay sensitive or not reliability sensitive.
3. A new MCCH transmission method
In order to reduce the radio resource consumption by MCCH as much as possible, a new MCCH transmission method is presented by using different transmission frequencies for different service types.
In detail, M modification periods are configured for N service types of MBS which are provided in a cell. Use Tm(m) to represent the m-th modification period, where Tm(m)=R(m)*Tm, R(m) is an positive integer, m=1,……,M, 1<M<=N and R(1)=1. Each modification period of Tm(m) ms long contains R(m) MCCH modification periods. The M modification periods are used to control the transmission frequency of each service type.
[bookmark: OLE_LINK1]In detail, the modification period of each service type can be selected among the M modification periods. For the service type using Tm(m), within each modification period of Tm(m) ms long, the configuration information of the service type is only transmitted in the first MCCH modification period, which means the configuration information of the service type is transmitted in each MCCH transmission window in the first MCCH modification period. If a new broadcast session of the service type is set up in the next modification period or the other changes of the service type occur in the next modification period, the MCCH change notification is transmitted in the first MCCH modification period within the next modification period of Tm(m) ms long, which means the MCCH change notification is transmitted in each MCCH transmission window in the first MCCH modification period. In detail, the MCCH change notification is sent with a 2-bit MCCH change notification field on DCI format 4-0 scrambled with MCCH-RNTI according to:
(1) if a new broadcast session of the service type is set up in the next modification period, the MSB of the MCCH change notification field is set as 1
(2) if the other changes of the service type occur in the next modification period, the LSB is set as 1, where the other changes of the service type include: the configuration information of a broadcast session of the service type is updated, a broadcast session of the service type stops and the neighbour cell information of a broadcast session of the service type changes..
According to the new MCCH transmission method with modification periods, the modification period of a service type is used to control the transmission frequency of the configuration information of the service type. Although both the MCCH modification period and MCCH repetition period are usually set with smaller values, different service types can have different transmission frequencies by using different modification periods. Therefore, the new MCCH transmission method with modification periods can reduce the radio resource consumption by MCCH flexibly and efficiently. Furthermore, the new MCCH transmission method can send the MCCH change notification for different service types with different transmission frequencies.

[image: ]Figure 1: new MCCH transmission method with modification periods
Figure 1 is used to illustrate the new MCCH transmission method with modification periods as below.
(1) Tm=40ms, Tr=20ms and C=2.
(2) M=3, Tm(1)=Tm=40ms, Tm(2)=2Tm=80ms and Tm(3)=4Tm=160ms.
(3) 4 MCCH modification periods, 4 modification periods of Tm(1) ms long, 2 modification periods of Tm(2)ms long and 1 modification period of Tm(3)ms long are shown in Figure 1.
(4) The configuration informations of different service types are transmitted as below:
· For the service types using Tm(1)=Tm, the configuration informations of the service types are transmitted in each MCCH modification period.
· For the service types using Tm(2)=2Tm, the configuration informations of the service types are transmitted in the 1st MCCH modification period and the 3rd MCCH modification period.
· For the service types using Tm(3)=4Tm, the configuration informations of the service types are transmitted in the 1st MCCH modification period.
(5) The content of MCCH is determined as below:
· In the 1st MCCH modification period, MCCH carries the configuration informations of all service types in each MCCH transmission window. 
· In the 2nd/4-th MCCH modification period, MCCH carries the configuration informations of the service types using Tm(1) in each MCCH transmission window. 
· In the 3rd MCCH modification period, MCCH carries the configuration informations of the service types using Tm(1) or Tm(2) in each MCCH transmission window.
(6) The MCCH change notification is transmitted as below:
· A new broadcast session using Tm(3) is set up during the 1st modification period of Tm(3) ms long, the MCCH change notification is transmitted in the 1st MCCH modification period, which means the MCCH change notification is transmitted in each MCCH transmission window in the 1st MCCH modification period.
· The configuration information of an existing broadcast session using Tm(2) is updated in the 2nd modification period of Tm(2) ms long, the MCCH change notification is transmitted in the 3rd MCCH modification period, which means the MCCH change notification is transmitted in each MCCH transmission window in the 3rd MCCH modification period.
· The configuration information of an existing broadcast session using Tm(1) is updated in the 4-th modification period of Tm(1) ms long, the MCCH change notification is transmitted in the 4-th MCCH modification period, which means the MCCH change notification is transmitted in each MCCH transmission window in the 4-th MCCH modification period.   
The power consumption in UE for the new MCCH transmission method with modification periods is analysed as below:
(1) If UE hasn't acquired MCCH before, UE may need to acquire MCCH in several MCCH modification periods to obtain the configuration information of all service types with as little delay as possible.
(2) After UE acquires the configuration informations of all service types, UE can monitor the MCCH change notification. If the MCCH change notification is detected in a MCCH transmission window, UE can acquire MCCH in the same MCCH transmission window.
(3) If UE is only interested in several service types of MBS and the modification periods used by these service types are bigger than the MCCH modification period, UE has no need to monitor MCCH change notification in each MCCH modification period. UE only needs to monitor the MCCH change notification in a subset of all MCCH modification periods, which means less power consumption in UE.
For example, UE is only interested in a service type using Tm(3)=4Tm in Figure 1. Therefore UE only needs to monitor the MCCH change notification in the first MCCH modification period within each modification period of Tm(3) ms long, which means the power consumption in UE will be reduced by 75%.
In order to further reduce the radio resource consumption by MCCH, the new MCCH transmission method with modification periods can introduce different transmission times for different service types of MBS. In detail, for the m-th modification period, the transmission times C(m)<=C is configured, where C(m) is a positive integer and m=1,……,M. For the service type using Tm(m) and C(m), Tm(m) and C(m) are used to control the transmission frequency of the service type. For the new method with modification periods and transmission times, the following configuration is permitted:
Tm(m1)=Tm(m2), C(m1) is not equal to C(m2).
In detail, for the service type using Tm(m) and C(m), within each modification period of Tm(m) ms long, the configuration information of the service type is only transmitted in the first C(m) MCCH transmission windows in the first MCCH modification period. If a new broadcast session of the service type is set up in the next modification period or the other changes of the service type occur in the next modification period, the MCCH change notification is transmitted in the first C(m) MCCH transmission windows in the first MCCH modification period within the next modification period of Tm(m) ms long. In detail, the MCCH change notification is sent with a 2-bit MCCH change notification field on DCI format 4-0 scrambled with MCCH-RNTI according to:
(1) if a new broadcast session of the service type is set up in the next modification period, the MSB of the MCCH change notification field is set as 1
(2) if the other changes of the service type occur in the next modification period, the LSB is set as 1, where the other changes of the service type include: the configuration information of a broadcast session of the service type is updated, a broadcast session of the service type stops and the neighbour cell information of a broadcast session of the service type changes.

[image: ]Figure 2: new MCCH transmission method with modification periods and transmission times
Figure 2 is used to illustrate the new MCCH transmission method with modification periods and transmission times as below.
(1) Tm=80ms, Tr=20ms and C=4.
(2) M=3, Tm(1)=80ms, C(1)=4=C，Tm(2)=2Tm=160ms, C(2)=4=C, Tm(3)=4Tm=320ms and C(3)=2.
(3) 4 MCCH modification periods, 4 modification periods of Tm(1) ms long, 2 modification periods of Tm(2)ms long and 1 modification period of Tm(3)ms long are shown in Figure 2.
(4) The configuration informations of different service types are transmitted as below:
· For the service types using Tm(1)=Tm and C(1)=4=C, the configuration informations of the service types are transmitted in each MCCH transmission window in each MCCH modification period.
· For the service types using Tm(2)=2Tm and C(2)=4=C, the configuration informations of the service types are transmitted in each MCCH transmission window in the 1st MCCH modification period and the 3rd MCCH modification period.
· For the service types using Tm(3)=4Tm and C(3)=2, the configuration informations of the service types are transmitted in the first C(3) MCCH transmission windows in the 1st MCCH modification period.
(5) The content of MCCH is determined as below:
· In the first C(3) MCCH transmission windows in the 1st MCCH modification period, MCCH carries the configuration informations of all service types. 
· In the last C-C(3) MCCH transmission windows in the 1st MCCH modification period, MCCH carries the configuration informations of the service types using Tm(1)/C(1) or Tm(2)/C(2).
· In the 2nd/4-th MCCH modification period, MCCH carries the configuration informations of the service types using Tm(1)/C(1) in each MCCH transmission window. 
· In the 3rd MCCH modification period, MCCH carries the configuration informations of the service types using Tm(1)/C(1) or Tm(2)/C(2) in each MCCH transmission window.
(6) The MCCH change notification is transmitted as below:
· A new broadcast session using Tm(3) and C(3) is set up during the 1st modification period of Tm(3) ms long, the MCCH change notification is transmitted in the first C(3) MCCH transmission windows in the 1st MCCH modification period.
· The configuration information of an existing broadcast session using Tm(1) and C(1) is updated in the 2nd modification period of Tm(1) ms long, the MCCH change notification is transmitted in each MCCH transmission window in the 2nd MCCH modification period.
· The configuration information of an existing broadcast session using Tm(2) and C(2) is updated in the 2nd modification period of Tm(2) ms long, the MCCH change notification is transmitted in each MCCH transmission window in the 3rd MCCH modification period.
· If a new broadcast session using Tm(3) and C(3) is set up during the 1st modification period of Tm(3) ms long and the configuration information of an existing broadcast session using Tm(2) and C(2) is updated in the 1st modification period of Tm(2) ms long, the MCCH change notification is transmitted in each MCCH transmission window in the 1st MCCH modification period.
The power consumption in UE for the new MCCH transmission method with modification periods and transmission times is analysed as below:
(1) If UE hasn't acquired MCCH before, UE may need to acquire MCCH in several MCCH modification periods to obtain the configuration information of all service types with as little delay as possible.
(2) After UE acquires the configuration informations of all service types, UE can monitor the MCCH change notification. If the MCCH change notification is detected in a MCCH transmission window, UE can acquire MCCH in the same MCCH transmission window.
(3) If UE is only interested in several service types of MBS and the modification periods used by these service types are bigger than the MCCH modification period, UE has no need to monitor MCCH change notification in each MCCH modification period. UE only needs to monitor the MCCH change notification in a subset of all MCCH modification periods, which means less power consumption in UE. If the transmission times used by these service types are smaller than the number of the MCCH repetition periods within an MCCH modification period, when UE monitors the MCCH change notification in an MCCH modification period, UE only needs to monitor the MCCH change notification in the first several MCCH transmission windows, which means the power consumption is reduced further in UE.
For example, UE is only interested in a service type using Tm(3)=4Tm and C(3)=2<C=4 in Figure 2. Therefore UE only needs to monitor the MCCH change notification in the first C(3) MCCH transmission windows in the first MCCH modification period within each modification period of Tm(3) ms long, which means the power consumption in UE will be reduced by 87.5%.
In order to support the new MCCH transmission method with modification periods and transmission times, the following standard efforts are needed.
MCCH specific SIB:
(1) Tm(m) with m=1,……,M and C(m) with m=1,……,M ( if C(m) with m=1,…..,M are configured ) are provided on the MCCH specific SIB, where 1<M<=N, N is the number of the service types of MBS in a cell.
(2) Optionally, the mapping relationship between modification periods/transmission times and QCIs of different service types is provided on the MCCH specific SIB.
Different service types can have the same modification period and same transmission times. Therefore each modification period/each transmission times can correspond to more than one QCIs. In detail, one-to-multiple mapping between modification period/transmission times and QCI is provided on the MCCH specific SIB. 
MCCH: For each broadcast session on MCCH, Tm(i) and C(i) ( if configured ) used by the broadcast session is indicated on MCCH.
MCCH change notification: When multiple transmission times are configured, within the modification period of Tm(m) ms long where the MCCH change notification for the service type using Tm(m) and C(m) is triggered, the MCCH change notification is only transmitted in the first C(m) MCCH transmission windows in the first MCCH modification period.
UE: Each time UE acquires MCCH correctly, for Tm(j)/C(j) carried on MCCH, UE updates the configuration informations of all broadcast sessions using Tm(j)/C(j):
(1) For the stored TMGI using Tm(j)/C(j), if the TMGI is provided on MCCH, UE updates its configuration information.
(2) For the stored TMGI using Tm(j)/C(j), if the TMGI is NOT provided on MCCH, UE deletes its configuration information.
(3) For the TMGI on MCCH and using Tm(j)/C(j), if the TMGI is not stored in UE before, UE stores the TMGI and its configuration information on MCCH.
Based on the above discussion, the following proposal is suggested.
Proposal 1: The MCCH transmission method with the following parameters is supported in R18.
· M modification periods for different service types of MBS
· Optionally M transmission times for different service types of MBS

4. Compatibility Analysis
In R17, after UE acquires MCCH, UE will use the configuration informations of all broadcast sessions on MCCH to replace the configuration informations stored before.
If the new MCCH transmission method is introduced in R18, in order to solve the compatibility problem in a R17 legacy UE, the following method is suggested in R17:
(1) For the DCI format on the PDCCH with CRC scrambled by MCCH-RNTI, a new field named Replacement Indicator is introduced. Replacement Indicator has only one bit.
The DCI format on the PDCCH with CRC scrambled by MCCH-RNTI is size aligned with DCI format 1-0 which has more fields than the former. Therefore, Replacement field can be provided by the DCI format on the PDCCH with CRC scrambled by MCCH-RNTI.
(2) In a R17 NR cell, each time the PDCCH with CRC scrambled with MCCH-RNTI is transmitted, Replacement Indicator in DCI format on the PDCCH is always set as 1.
According to the current item, Replacement Indicator is always set as 1 in a R17 NR cell. When a R17 legacy UE finds Replacement Indicator is 1, the legacy UE uses the configuration informations of all broadcast sessions on MCCH to replace the configuration informations stored before, which means the legacy UE works well in a R17 NR cell.
(3) In a R18 NR cell, if MCCH has several modification periods for different service types, each time the PDCCH with CRC scrambled with MCCH-RNTI is transmitted, Replacement Indicator in DCI format on the PDCCH is set as below:
· If MCCH scheduled by the PDCCH carries the configuration information of all service types, Replacement Indicator is set as 1. 
· Otherwise, Replacement Indicator is set as 0. 
According to the current item, for a R17 legacy UE working in a R18 NR cell, when the legacy UE finds Replacement Indicator is set as 1, the legacy UE uses the configuration informations of all broadcast sessions on MCCH to replace the configuration informations stored before. When the legacy UE finds Replacement Indicator is set as 0, the legacy UE updates the configuration informations stored before as below:
· For a TMGI on MCCH, if the TMGI is stored in UE, UE updates its configuration information.
· For a TMGI on MCCH, if the TMGI is NOT stored in UE, UE stores the TMGI and its configuration information on MCCH.
According to the above 3 items, the compatibility problem in a R17 legacy UE can be solved except the following scenario:
Scenario 1: In a R18 NR cell, MCCH has several modification periods for different service types. In a MCCH transmission window in the current MCCH modification period, MCCH carries the configuration informations of several service types. Several broadcast sessions of these service types stop, therefore the TMGIs of these broadcast sessions are NOT provided on MCCH.
When scenario 1 happens, the legacy UE will continue storing the configuration informations of these broadcast sessions which stop. The similar case may happen in a R17 NR cell if the MCCH change notification is sent for updating the configuration informations of several broadcast session or for stopping several broadcast sessions and the legacy UE misses the MCCH change notification. When the legacy UE has no interest in these broadcast sessions, no problem will occur. But if the legacy UE is receiving one of these broadcast sessions, it will continue monitoring the broadcast session until it finds the broadcast session stops. Due to the fact that the similar case may happen in a R17 NR cell, how to solve the problem created by scenario 1 can be left for UE’s implementation. Compared with the whole duration of a broadcast session, the duration for continuing monitoring the broadcast session after it stops can be ignored.
Certainly, scenario 1 can be solved with the following action taken in R17.
For a broadcast session received by a UE, if UE finds no PDCCH scheduling the broadcast session in several consecutive DRX periods of the broadcast session or in several consecutive PDCCH monitoring periods ( if the DRX period of the broadcast session is not configured ), UE acquires MCCH from the nearest MCCH repetition period until UE acquires MCCH carrying the TMGI of the broadcast session (for the case UE misses the MCCH change notification for updating the configuration information of the broadcast session ) or until UE acquires MCCH associated with the PDCCH on which Replacement Indicator in DCI format is set as 1 (for the case UE misses the MCCH change notification for stopping the broadcast session and for scenario 1) .
Based on the above discussion, the following proposals are suggested.
Proposal 2: In order to solve the compatibility of the new MCCH transmission method, in the DCI format on the PDCCH with CRC scrambled by MCCH-RNTI, a new field named Replacement Indicator is introduced. Replacement Indicator has only one bit and is set according to the following items.
(1) In a R17 NR cell, each time the PDCCH with CRC scrambled with MCCH-RNTI is transmitted, Replacement Indicator in DCI format on the PDCCH is always set as 1.
(2) In a R18 NR cell, if MCCH has several modification periods for different service types, each time the PDCCH with CRC scrambled with MCCH-RNTI is transmitted, Replacement Indicator in DCI format on the PDCCH is set as below:
· If MCCH scheduled by the PDCCH carries the configuration information of all service types, Replacement Indicator is set as 1. 
· Otherwise, Replacement Indicator is set as 0.
Proposal 3: The following action is suggested in R17.
· When UE finds Replacement Indicator in DCI format scheduling MCCH is set as 1, UE uses the configuration informations of all broadcast sessions on MCCH to replace the configuration informations stored before.
· When UE finds Replacement Indicator in DCI format scheduling MCCH is set as 0, UE updates the configuration informations stored before as below:
· For a TMGI on MCCH, if the TMGI is stored in UE, UE updates its configuration information.
· For a TMGI on MCCH, if the TMGI is NOT stored in UE, UE stores the TIMGI and its configuration information on MCCH.
· Optionally, for a broadcast session received by a UE, if UE finds no PDCCH scheduling the broadcast session in several consecutive DRX periods of the broadcast session or in several consecutive PDCCH monitoring periods ( if the DRX period of the broadcast session is not configured ), UE acquires MCCH from the nearest MCCH repetition period until UE acquires MCCH carrying the TMGI of the broadcast session or until UE acquires MCCH associated with the PDCCH on which Replacement Indicator in DCI format is set as 1.
5. Conclusion
Based on the discussion in sections 2-4, in order to reduce the radio resource consumption by MCCH, the new MCCH transmission method with modification periods and transmission times is provided with the following proposals.
Proposal 1: The MCCH transmission method with the following parameters is supported in R18.
· M modification periods for different service types of MBS in a cell
· Optionally M transmission times for different service types of MBS in a cell
Proposal 2: In order to solve the compatibility of the new MCCH transmission method, in the DCI format on the PDCCH with CRC scrambled by MCCH-RNTI, a new field named Replacement Indicator is introduced. Replacement Indicator has only one bit and is set according to the following items.
(1) In a R17 NR cell, each time the PDCCH with CRC scrambled with MCCH-RNTI is transmitted, Replacement Indicator in DCI format on the PDCCH is always set as 1.
(2) In a R18 NR cell, if MCCH has several modification periods for different service types, each time the PDCCH with CRC scrambled with MCCH-RNTI is transmitted, Replacement Indicator in DCI format on the PDCCH is set as below:
· If MCCH scheduled by the PDCCH carries the configuration information of all service types, Replacement Indicator is set as 1. 
· Otherwise, Replacement Indicator is set as 0.
Proposal 3: The following action is suggested in R17.
· When UE finds Replacement Indicator in DCI format scheduling MCCH is set as 1, UE uses the configuration informations of all broadcast sessions on MCCH to replace the configuration informations stored before.
· When UE finds Replacement Indicator in DCI format scheduling MCCH is set as 0, UE updates the configuration informations stored before as below:
· For a TMGI on MCCH, if the TMGI is stored in UE, UE updates its configuration information.
· For a TMGI on MCCH, if the TMGI is NOT stored in UE, UE stores the TMGI and its configuration information on MCCH.
· Optionally, for a broadcast session received by a UE, if UE finds no PDCCH scheduling the broadcast session in several consecutive DRX periods of the broadcast session or in several consecutive PDCCH monitoring periods ( if the DRX period of the broadcast session is not configured ), UE acquires MCCH from the nearest MCCH repetition period until UE acquires MCCH carrying the TMGI of the broadcast session or until UE acquires MCCH associated with the PDCCH on which Replacement Indicator in DCI format is set as 1.
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