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1. Introduction

In RAN#86 meeting, a new WI for MBS is approved for R17 NR. Two objectives are specified in WI [1].

The set of objectives includes:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:

In RAN2#112 meeting, RAN2 agreed that delivery mode 2 is used for broadcast session for “low” Qos requirement. 
· For Rel-17, R2 specifies two modes: 


1: One delivery mode for high QoS (reliability, latency) requirement, to be available in CONNECTED (possibly the UE can switch to other states when there is no data reception TBD)


2: One delivery mode for “low” QoS requirement, where the UE can also receive data in INACTIVE/IDLE (details TBD).

R2 assumes (for R17) that delivery mode 1 is used only for multicast sessions. 


R2 assumes that delivery mode 2 is used for broadcast sessions. 


The applicability of delivery mode 2 to multicast sessions is FFS.

In email discussion [Post113-e][053][MBS17], beam sweeping transmission for broadcast MBS was mentioned but the details are not discussed.

In this paper, we would like to discuss beam sweeping transmission for MCCH signalling and MBS data.
2. MCCH beam sweeping transmission for delivery mode 2
In RAN2#113 meeting, RAN2 agreed to use LTE SC-PTM as baseline to design deliver mode 2 for NR.

· Both idle/inactive UEs and connected mode UEs can receive MBS services transmitted by NR MBS delivery mode 2 (Broadcast service as already agreed, TBD other). The ability for connected mode UEs to receive this may depend on the network provisioning of the service (e.g. which freq), UE connected mode configuration and UE capabilities. 

· The two-step based approach (i.e. BCCH and MCCH) as adopted by LTE SC-PTM is reused for the transmission of PTM configuration for NR MBS delivery mode 2.
· Assume it is possible to reuse LTE SC-PTM mechanism for the CONNECTED UEs to receive the PTM configuration for NR MBS delivery mode 2, i.e. broadcast based manner. 

In R13 LTE SC-PTM, both RRC_IDLE and RRC_CONNECTED mode UE can receive the SC-PTM service. New SIB20 is defined to configure the SC-MCCH configuration and SC-MCCH signalling will configure the MTCH as summarized below:
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Figure 1: SC-PTM configuration in LTE

In RAN2#113bis meeting, RAN2 agreed the concept of MCCH transmission window and common search space for MCCH scheduling. 

· The MCCH transmission window is defined by MCCH repetition period, MCCH window duration and radio frame/slot offset. 

· New RNTI is defined for scheduling MCCH.
· The concept of MCCH transmission window, similar to the one used for LTE SC-PTM, is used for NR MCCH scheduling. The exact parameters to define the window are FFS (discussed in the following proposals).
· Common search space is needed for MCCH scheduling. RAN2 should request RAN1 to discuss the details of CSS for MCCH.

· R2 assumes PDCCH occasions for MCCH search space are associated with SSBs in a pre-defined manner so that the UE can receive MCCH scheduling on PDCCH occasions according to its detected SSB. 
· R2 assumes, In case searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the mapping between PDCCH occasions and SSBs is the same as for SIB1. 
· R2 assumes that If common search space other than searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331. 

In NR, search space for RMSI is configured in MIB and search space for paging, OSI can be configured separately from search space for RMSI or use search space of RMSI if not configured. For MCCH scheduling, RAN2 agreed that common search space is needed for MCCH scheduling and both SS#0 and non-SS#0 can be configured for MCCH. RAN2 also agreed that the mapping between PDCCH occasions and SSBs is the same as for SIB1 if SS#0 is configured and the mapping between PDCCH occasions and SSBs is the same as for OSI if non-SS#0 is configured.
If search space for MCCH reuse RMSI’s search space, the mapping between PDCCH occasions and SSBs should be same with RMSI as paging and OSI did in R15.
However, no matter SIB1 or SIB, it will be transmitted multiple times based on network implementation. It is not clear whether there is repetition for MCCH transmission. 
	5.2
System information

5.2.1
Introduction

System Information (SI) is divided into the MIB and a number of SIBs and posSIBs where:
-
the MIB is always transmitted on the BCH with a periodicity of 80 ms and repetitions made within 80 ms (TS 38.212 [17], clause 7.1) and it includes parameters that are needed to acquire SIB1 from the cell. The first transmission of the MIB is scheduled in subframes as defined in TS 38.213 [13], clause 4.1 and repetitions are scheduled according to the period of SSB;

-
the SIB1 is transmitted on the DL-SCH with a periodicity of 160 ms and variable transmission repetition periodicity within 160 ms as specified in TS 38.213 [13], clause 13. The default transmission repetition periodicity of SIB1 is 20 ms but the actual transmission repetition periodicity is up to network implementation. For SSB and CORESET multiplexing pattern 1, SIB1 repetition transmission period is 20 ms. For SSB and CORESET multiplexing pattern 2/3, SIB1 transmission repetition period is the same as the SSB period (TS 38.213 [13], clause 13). SIB1 includes information regarding the availability and scheduling (e.g. mapping of SIBs to SI message, periodicity, SI-window size) of other SIBs with an indication whether one or more SIBs are only provided on-demand and, in that case, the configuration needed by the UE to perform the SI request. SIB1 is cell-specific SIB;

-
SIBs other than SIB1 and posSIBs are carried in SystemInformation (SI) messages, which are transmitted on the DL-SCH. Only SIBs or posSIBs having the same periodicity can be mapped to the same SI message. SIBs and posSIBs are mapped to the different SI messages. Each SI message is transmitted within periodically occurring time domain windows (referred to as SI-windows with same length for all SI messages). Each SI message is associated with an SI-window and the SI-windows of different SI messages do not overlap. That is, within one SI-window only the corresponding SI message is transmitted. An SI message may be transmitted a number of times within the SI-window. Any SIB or posSIB except SIB1 can be configured to be cell specific or area specific, using an indication in SIB1. The cell specific SIB is applicable only within a cell that provides the SIB while the area specific SIB is applicable within an area referred to as SI area, which consists of one or several cells and is identified by systemInformationAreaID;


In order to ensure the reliability of MCCH transmission, MCCH repetition transmission as OSI and SIB1 is benefit for UE. The number of repetitions is configured by network or is up to network implementation as OSI? For our understanding, it is better to configure the number of repetitions for MCCH transmission.
Proposal 1: MCCH repetition transmission as OSI and SIB1 is supported and RAN2 discuss the number of repetitions is configured by network or is up to network implementation as OSI.
In RAN2#113bis meeting, RAN2 agreed MCCH transmission window which is defined by MCCH repetition period, MCCH window duration and radio frame/slot offset. The PDCCH occasion for MCCH scheduling is numbered in MCCH transmission window. However, it is not clear how to use the parameters to define the MCCH transmission window.
In LTE SC-PTM, sc-mcch-RepetionPeriod and sc-mcch-Offset will be used to derive SFN for MCCH transmission via SFN mod sc-mcch-RepetionPeriod= sc-mcch-Offset. In this SFN, sc-mcch-Subframe is used to derive subframe for MCCH transmission.

	SystemInformationBlockType20-r13 ::=
SEQUENCE {

sc-mcch-RepetitionPeriod-r13

ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256},


sc-mcch-Offset-r13



INTEGER (0..10),


sc-mcch-FirstSubframe-r13

INTEGER (0..9),


sc-mcch-duration-r13


INTEGER (2..9)
OPTIONAL,


sc-mcch-ModificationPeriod-r13
ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256,











rf512, rf1024, r2048, rf4096, rf8192, rf16384, rf32768,













rf65536},


lateNonCriticalExtension


OCTET STRING





OPTIONAL,

}


For our understanding, MCCH repetition period and radio frame/slot offset is defined as number of radio frame and they determine the SFN for starting SFN of MCCH repetition period. i.e. the SFN is the SFN meeting the formula: SFN mod MCCH repetition period = radio frame/slot offset. However, it is not clear how to determine the starting point of MCCH window duration. There are no other parameters defined for MCCH window duration, the simple way is the MCCH window duration starts from the starting point of MCCH repetition period.
Proposal 2: MCCH repetition period and radio frame/slot offset is defined as number of radio frame and they determine the SFN for starting SFN of MCCH repetition period. i.e. the SFN is the SFN meeting the formula: SFN mod MCCH repetition period = radio frame/slot offset.
In MCCH window duration, beam sweeping transmission for MCCH will be supported. So one MCCH transmission will occupy several slots based on search space configuration, i.e. monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot. If MCCH repetition transmission is supported, more slots will be occupied for MCCH transmission in one MCCH period.
	SearchSpace ::=                         SEQUENCE {

    searchSpaceId                           SearchSpaceId,

    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly

    monitoringSlotPeriodicityAndOffset      CHOICE {

        sl1                                     NULL,

        sl2                                     INTEGER (0..1),

        sl4                                     INTEGER (0..3),

        sl5                                     INTEGER (0..4),

        sl8                                     INTEGER (0..7),

        sl10                                    INTEGER (0..9),

        sl16                                    INTEGER (0..15),

        sl20                                    INTEGER (0..19),

        sl40                                    INTEGER (0..39),

        sl80                                    INTEGER (0..79),

        sl160                                   INTEGER (0..159),

        sl320                                   INTEGER (0..319),

        sl640                                   INTEGER (0..639),

        sl1280                                  INTEGER (0..1279),

        sl2560                                  INTEGER (0..2559)

    }                                                                                                   OPTIONAL,   -- Cond Setup

    duration                                INTEGER (2..2559)                                           OPTIONAL,   -- Need R

    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                      OPTIONAL,   -- Cond Setup

=====omit some IEs===
}


In last RAN2 meeting, RAN2 agreed MCCH transmission window which is defined by MCCH repetition period, MCCH window duration and radio frame/slot offset. For my understanding, the length of MCCH transmission window is determined by MCCH window duration. In order to support MCCH beam sweeping transmission, the network should ensure the MCCH window duration contains enough PDCCH occasion for MCCH scheduling. The purpose of MCCH window duration is UE power saving, so MCCH window duration is meaningful only when then MCCH repetition period is big enough and MCCH window duration is small enough.
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However, we can not see the necessary to introduce the MCCH duration in NR. In LTE, the MCCH duration provide the subframes may schedule MCCH, if the MCCH duration is not present, the MCCH will scheduled in the first subframe for MCCH configured in SIB20. 
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The mapping between MCCH PDCCH occasion and SSBs is almost same with option 1 and the PDCCH is numbered in MCCH repetition period in option 1.

In order to achieve the network flexibility and load balance, the first PDCCH occasion index can also be configured to indicate the starting PDCCH occasion for the MCCH signalling in one MCCH repetition period as in figure (b) as paging did today.

Proposal 3: RAN2 is kindly asked to confirm the following issues for MCCH window duration:

· MCCH window duration starts from the starting point of MCCH repetition period?

· MCCH window duration is defined in number of slot or subframe or radio frame?

· Whether MCCH window duration can be absent as LTE? if yes, how to determine the mapping between MCCH PDCCH occasion and SSBs for MCCH?
Due to beam sweeping transmission in NR for MCCH, the beam sweeping will specify the time point when the MCCH is scheduled, so no necessary to use the MCCH duration to specify the time point for MCCH reception. 
Proposal 4: RAN2 is kindly asked to reconsider the necessary to introduce the MCCH duration in NR.
3. MBS beam sweeping transmission for delivery mode 2 
In RAN1#103 meeting, RAN1 agreed to support beam sweeping for group-common PDCCH/PDSCH for broadcast MBS.

	Agreements:

· For RRC_IDLE/RRC_INACTIVE Ues, beam sweeping is supported for group-common PDCCH/PDSCH.

· FFS: Details for support of beam sweeping for group-common PDCCH/PDSCH.


For the same reason as MCCH, a window should be defined firstly for broadcast MBS data transmission in order to number the PDCCH occasion in the window. The mapping of SSB and PDCCH occasion within the window can be defined then.
There are 2 options to define the broadcast MBS window.

Option 1: SFN mod T = offset, the period T and offset is configured by the network. The period T is the window.

Option 2: If DRX is introduced for broadcast MBS as LTE SC-PTM, the window can be DRX duration.

Based on the window defined above, the PDCCH occasion is numbered from zero within the window. There are 4 options to define the mapping between and SSB.
Option 1: The PDCCH occasion from 0 in ascending order can be mapped to SSB index in ascending order of their SSB indexes data by data. 
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Option 2: The first PDCCH occasion of each data are configured by the network and the PDCCH occasion from configured first PDCCH occasion in ascending order can be mapped to SSB index in ascending order of their SSB indexes for corresponding data.
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Option 3: The PDCCH occasion from 0 in ascending order can be mapped to SSB index in ascending order of their SSB indexes for the first data in the window. The data interval is used to define the starting PDCCH occasion for the next data.
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Option 4: The first PDCCH occasion of first data is configured by the network and the PDCCH occasion from configured first PDCCH occasion in ascending order can be mapped to SSB index in ascending order of their SSB index for the first data. The data interval is used to define the starting PDCCH occasion for the next data.
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From load balance and flexibility of network control point of view, option 2 is preferred by us and option 1 is default method. 
Proposal 5: The MBS window is defined as SFN mod T = offset, where the period T and offset are configured by the network. The MBS window is used to number PDCCH occasion from 0 for MTCH scheduling.
Proposal 6a: The first PDCCH occasion of each data are configured by the network and the PDCCH occasion from configured first PDCCH occasion in ascending order can be mapped to SSB index in ascending order of their SSB indexes for corresponding data.
Proposal 6b: If first PDCCH occasion of each data are not configured by the network, the PDCCH occasion from 0 in ascending order can be mapped to SSB index in ascending order of their SSB indexes data by data.
For SIB reception for RRC_IDLE/INACTIVE mode UE, the UE will measure the SSB to identify the good beam and chose one good beam to receive the PDCCH and with the same beam with PDCCH to receive PDSCH. In R15, the UE will receive the PDSCH from only one beam. In R16 eMIMO, the UE can receive PDSCH from more than one beam if the UE support multiple TRPs. For MBS reception in RRC_IDLE/INACTIVE mode, the UE can receive the PDSCH of MBS from multiple good beam to improve the reliability of MBS reception if the UE capability allows.

Proposal 7: UE can receive the PDSCH of MBS from multiple good beam to improve the reliability if the UE capability allows.
MBS data repetition can improve the data loss of MBS reception. In R16 NR-U, the PO support repetition. The same mechanism can be designed for MBS transmission in repetition mode.

Proposal 8: MBS data repetition is supported for broadcast kind of MBS.
4. Conclusions

Based on the discussion above, we propose:
Proposal 1: MCCH repetition transmission as OSI and SIB1 is supported and RAN2 discuss the number of repetitions is configured by network or is up to network implementation as OSI.
Proposal 2: MCCH repetition period and radio frame/slot offset is defined as number of radio frame and they determine the SFN for starting SFN of MCCH repetition period. i.e. the SFN is the SFN meeting the formula: SFN mod MCCH repetition period = radio frame/slot offset.
Proposal 3: RAN2 is kindly asked to confirm the following issues for MCCH window duration:

· MCCH window duration starts from the starting point of MCCH repetition period?

· MCCH window duration is defined in number of slot or subframe or radio frame?

· Whether MCCH window duration can be absent as LTE? if yes, how to determine the mapping between MCCH PDCCH occasion and SSBs for MCCH?
Proposal 4: RAN2 is kindly asked to reconsider the necessary to introduce the MCCH duration in NR.
Proposal 5: The MBS window is defined as SFN mod T = offset, where the period T and offset are configured by the network. The MBS window is used to number PDCCH occasion from 0 for MTCH scheduling.
Proposal 6a: The first PDCCH occasion of each data are configured by the network and the PDCCH occasion from configured first PDCCH occasion in ascending order can be mapped to SSB index in ascending order of their SSB indexes for corresponding data.

Proposal 6b: If first PDCCH occasion of each data are not configured by the network, the PDCCH occasion from 0 in ascending order can be mapped to SSB index in ascending order of their SSB indexes data by data.
Proposal 7: UE can receive the PDSCH of MBS from multiple good beam to improve the reliability if the UE capability allows.
Proposal 8: MBS data repetition is supported for broadcast kind of MBS.
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