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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 NR, search space for RMSI is configured in MIB and search space for paging, OSI can configured separately from search space for RMSI or use search space of RMSI if not configured. For MCCH scheduling, the search space for MCCH scheduling is configured separately or reuse search space for RMSI or paging or OSI are not clear.
Proposal 1: Search space for MCCH scheduling can be configured separately or reuse search space for RMSI if not 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.
Proposal 2: If RMSI’s search space is reused for MCCH scheduling, the mapping between PDCCH occasions and SSBs should be same with RMSI as paging and OSI did in R15.

Next, we will discuss the case that search space for MCCH scheduling is configured separately.
In NR, SIB and PCCH are transmitted via beam sweeping. The PDCCH occasion will be numbered in a window and the PDCCH occasion will be mapped to the actual SSB in this window.
	=========copy from 38.331=======

5.2.2.3.2
Acquisition of an SI message

For SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213[13]. If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.


The MCCH signalling is for RRC_IDLE/INACTIVE/CONNECTED mode UE, it is obviously transmitted via beam sweeping as system information. In order to define mapping of the PDCCH occasion and SSB, a window needs to define firstly and number the PDCCH occasion in the window. 
In LTE SC-PTM, the MCCH signalling transmission will be repeated in a period, e.g sc-mcch-RepetitionPeriod.  We believe that NR MCCH signalling will be also transmitted in a period. So this period can be used to number PDCCH occasion for MCCH scheduling.

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},

Proposal 3: A repetition period is defined for MCCH signalling repetition and is also used to number PDCCH occasion from 0 for MCCH scheduling.
In the MCCH window, the PDCCH occasion from 0 in ascending order can be mapped to SSB index in ascending order of their SSB indexes. It is as figure (a).
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        Figure (a)  option 1                          Figure (b) option 2
Paging is also transmitted via beam sweeping. For load balance or specify the position of paging PDCCH occasion flexible from network point of view, firstPDCCH-MonitoringOccasionOfPO is configured for each PO to specify the starting PDCCH occasion index for the PO. 
	=========copy from 38.304=======
The PDCCH monitoring occasions for paging which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S*X. If X > 1, when the UE detects a PDCCH transmission addressed to P-RNTI within its PO, the UE is not required to monitor the subsequent PDCCH monitoring occasions for this PO.


For the same reason, 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).
Proposal 4a: First PDCCH occasion index can be configured to indicate the starting PDCCH occasion for the MCCH signalling in one MCCH repetition period. 

Option 4b: If First PDCCH occasion index is not configured, the PDCCH occasion for the MCCH signalling from 0 in ascending order can be mapped to SSB index in ascending order of their SSB indexes in one MCCH repetition period.
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.

[image: image4.emf]a

window

b c

d

a b c

d

a b c

d

SSB1

SSB2

SSB3

SSB4

1 2 3 4 5 6 7 8 9 10 11

PDCCH monitor occasion

 numbering

Corresponding SSB index

t

0

a b

12 13

First PDCCH occasion index=2

First PDCCH occasion index=7

First PDCCH occasion index=13

14 15 16 18 17


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: Search space for MCCH scheduling can be configured separately or reuse search space for RMSI if not configured.

Proposal 2: If RMSI’s search space is reused for MCCH scheduling, the mapping between PDCCH occasions and SSBs should be same with RMSI as paging and OSI did in R15.

Proposal 3: A repetition period is defined for MCCH signalling repetition and is also used to number PDCCH occasion from 0 for MCCH scheduling.

Proposal 4a: First PDCCH occasion index can be configured to indicate the starting PDCCH occasion for the MCCH signalling in one MCCH repetition period. 

Option 4b: If First PDCCH occasion index is not configured, the PDCCH occasion for the MCCH signalling from 0 in ascending order can be mapped to SSB index in ascending order of their SSB indexes in one MCCH repetition period.
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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