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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e to provide MBS in a cell. According to the agreement on NR MBS in the past RAN1/RAN2 meetings, multicast mode and broadcast mode are used to provide multicast sessions and broadcast sessions respectively. The standard work for broadcast mode is based on SC-PTM in LTE. 
SC-PTM in LTE is used to transmit broadcast sessions and multicast sessions. In other word, SC-PTM in LTE can’t distinguish the type of an MBS session over Uu. Furthermore, SC-PTM suffers a serious problem in the commercial network: a RRC_IDLE UE will undergo a long MBS reception interruption time during its mobility from the source cell to the target cell and a RRC_CONNECTED UE will undergo a long MBS reception interruption time during handover.
The analysis of the MBS reception interruption time during the UE mobility in LTE is given in section 2 and the solution to the MBS reception interruption problem in NR MBS is suggested in section 3.
In section 4, support of SFN in NR MBS is discussed. In section 5, the proposals for solving the MBS interruption problem in NR MBS and supporting SFN in NR MBS are suggested.
2. MBS reception interruption problem during UE mobility in LTE
In LTE, SC-PTM introduces SC-MCCH and SIB20. SC-MCCH carries the SC-PTM configuration information which consists of the configuration information of all MBS sessions. SIB 20 carries the SC-MCCH configuration information.
When a RRC_IDLE UE moves from the source cell to the target cell which is transmitting the MBS session received by the UE, it stops receiving the MBS session in the source cell. It acquires the configuration information of the MBS session in the target cell and then continue to receive the MBS session. The specific procedure is listed as below.
(1) Receive PBCH, SIB1 and SIB2 (SIB2 carries the cell barring information)
(2) Receive SIB20 and other SIBs according to the scheduling information on SIB1
(3) Acquire SC-MCCH according to the SC-MCCH configuration information on SIB20
(4) Receive the MBS session according to the configuration information of the MBS session on SC-MCCH

Therefore, a RRC_IDLE UE will undergo the MBS interruption in the target cell. Similarly a RRC_CONNECTED UE receiving an MBS session in the source cell will undergo the MBS interruption in the target cell during handover. In detail, the UE needs to acquire the configuration information of the MBS session after switching to the target cell.
PBCH is transmitted one times every 10ms. SIB1 is transmitted one times every 20ms. The period of SIB2/SIB20 is denoted by T1/T2ms. The delay introduced by the PBCH/SIB1/SIB2/SIB20 reception is at least 10/20/T1/T2ms. Use Pms to denote the repetition period of SC-MCCH. The delay introduced by the SC-MCCH reception is at least Pms. Use Dms to denote the period of the DRX mode of the MBS. The delay introduced by the first TB of the MBS in the target cell is at least Dms. Therefore, the MBS interruption time is no less than Ams, where A=10+20+T1+T2+P+D=30+T1+T2+P+D.
In the commercial network, some important SIBs have the period of 160ms while the other SIBs have the period of 320ms or 640ms. In detail, SIB2/SIB20 has the period of 160/640ms. The radio resource for the SIBs is about 5%. If the period of each SIB is shortened, the radio resource for the SIBs will be increased. Therefore, although the minimum period of SIB20 is 80ms, T2 is generally no less than 640ms. Otherwise, SIB20 will consume much more radio resource. Due to the same reason, although the minimum period of SC-MCCH is 20ms, P=80ms is used in the commercial network. For a voice service, the minimum value of D is D=20ms. Therefore, the MBS interruption time of a voice service is about A=930ms, which is a worse scenario for acquiring the configuration information of the MBS session in the target cell. But it’s not the worst scenario because a RRC_IDLE UE may not decode SIB2/SIB20/SC-MCCH correctly for the first time. Certainly, there exists a better scenario where the MBS interruption time A=10+20+(T1+T2+P+D)/2=480ms.
A voice service has one packet every 20ms. During the 930ms interval, UE misses 47 packets, which leads to the bad service experience in the UE. During the 480ms interval, UE misses 24 packets, which also leads to the bad service experience in the UE.
If the period of SIB20 is shortened as 320ms, the MBS interruption time A can be A=30+T1+T2+P+D=610ms or A=30+(T1+T2+P+D)/2=320ms, which also leads to the bad experience in the UE. 
For an MBS session, if the source cell and the target cell have the same configuration information, the UE has no need to receive SIB20 and SC-MCCH. It can directly receive the MBS session after it receives PBCH, SIB1 and SIB2. In detail, when the source cell and target cell have the same configuration information, the UE restores the MBS reception in the target cell as below.
(1) Receive PBCH, SIB1 and SIB2
(2) Receive the MBS session according to the configuration information acquired in the source cell

During the above procedure, the MBS interruption time is B=10+20+T1+D=10+20+160+20=210ms or B=10+20+(T1+D)/2=30+80+10=120ms. The service experience in the UE will be improved greatly.
It should be noted that each LTE cell within the network schedules a same broadcast session independently. In general, different cells use the same scheduling algorithm to schedule a same broadcast session. Although different cells may not transmit a same TB in a same duration, the time different between different cells is tolerant, which means the MBMS interruption time introduced by the missed packets in the UE is acceptable if the target cell is transmitting faster than the source cell.

3. Solutions to MBS interruption problem in NR MBS 
Due to the long MBS interruption time introduced by SC-PTM in LTE during cell reselection and handover, we hope the existing MBS interruption problem in LTE will be solved from the first NR MBS release. The following two options can be used to solve the MBS interruption problem in NR MBS.
Option 1: For an MBS session provided within a SA indicated by SAI, the PTM configuration information of the MBS session can be area specific. That is, an indicator is used to indicate the PTM configuration information of the MBS session is area specific just as using an indicator to show a SIB is area specific, where the SA for the MBS session can be same as or different than the area of an area specific SIB.
Option 2: For an MBS session in the source cell and for each neighbour cell which provides the MBS session, one additional bit is used to indicate whether or not the neighbour cell has the same PTM configuration information as the source cell.
The above two options have different application scenarios. They are supplementary to each other. If an MBS session is transmitted within a predefined area, option 1 can be used to make the PTM configuration information of the MBS session area specific. With such configuration, a UE receiving the MBS session has no need to reacquire the PTM configuration information during its mobility within the area, which will reduce the MBS reception interruption time greatly during its mobility. If an MBS session is only transmitted in several cells within a predefined area, option 2 can be used to indicate whether or not the source cell and target cell have the same PTM configuration information for the MBS session. If the source cell and target cell have the same PTM configuration information, the UE has no need to reacquire the PTM configuration information in the target cell, which will reduce the MBS reception interruption time greatly.
In the MBS commercial application, a broadcast session is usually provided in a SAI which consists of many consecutive cells. For example, many fixed TV programs are provided within a fixed city or district. We can use gNB-CU/gNB-DU to make all cells have the same PTM configuration information for a same TV program. Based on such configuration, UE can receive the TV program with the same PTM configuration information during its mobility within the city or district. Therefore, option 1 and option 2 have the wide application scenario.

4. Support of SFN in NR MBS 
SFN can be realized within the cells belonging to a gNB-CU/gNB-DU. In order to make UE know an SFN area and which MBS sessions are broadcast in SFN mode within the SFN area, it’s better to support that the PTM configuration information of an MBS session can be area specific. That is, option 1 is supported for SFN in NR MBS. If option 1 is supported, UE can move within the SFN area with a better MBS experience. Certainly, option 2 can also be used to indicate whether or not the source cell and a neighbour cell belong to a same SFN area.


5. Conclusion
Based on the discussion in sections 2-4, in order to solve the MBS interruption problem in NR MBS and support SFN in NR MBS, the following proposal is suggested.
Proposal 1: The MBS reception interruption problem by SC-PTM in LTE shall be solved in NR MBS and SFN shall be supported in NR MBS. The following two options which are supplementary to each other are suggested for NR MBS to solve the MBS interruption problem and support SFN in NR MBS:
Option 1: For an MBS session provided within a SA indicated by SAI, the PTM configuration information of the MBS session can be area specific. That is, an indicator is used to indicate the PTM configuration information of the MBS session is area specific just as using an indicator to show a SIB is area specific, where the SA for the MBS session can be same as or different than the area of an area specific SIB.
Option 2: For an MBS session in the source cell and for each neighbour cell which provides the MBS session, one additional bit is used to indicate whether or not the neighbour cell has the same PTM configuration information as the source cell.
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