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1. Introduction 

In RAN1#103-e meeting, we have the following agreements for MBS RRC_IDLE/INACTIVE UEs.

Agreements: For RRC_IDLE/RRC_INACTIVE UEs, support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.

· FFS details
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.

Agreements: For RRC_IDLE/RRC_INACTIVE UEs, define/configure common frequency resource(s) for group-common PDCCH/PDSCH.

· the UE may assume the initial BWP as the default common frequency resource for group-common PDCCH/PDSCH, if a specific common frequency resource is not configured.

· FFS: the relation of the common frequency resource(s) (if configured) and initial BWP.

· FFS: whether to configure one/more common frequency resources

· FFS: configuration and definition details of the common frequency resource
 Agreements: From physical layer perspective, for broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs.

· FFS details.

 Agreements: For RRC_IDLE/RRC_INACTIVE UEs, CSS is supported for group-common PDCCH.

· FFS: reuse current CSS type, define a new CSS type, etc.

· FFS other details.

 Agreements: For RRC_IDLE/RRC_INACTIVE UEs, a CORESET can be configured within the common frequency resource for group-common PDCCH/PDSCH. CORESET0 is used by default if the common frequency resource for group-common PDCCH/PDSCH is the initial BWP and the CORESET is not configured.

· FFS: configuration details of the CORESET for group-common PDCCH/PDSCH
In this document, we will discuss the details of the basic functions of broadcast/multicast for RRC_IDLE/RRC_INACTIVE UEs.

2. Multicast vs. Broadcast
Based on the ongoing SA2 discussion, UE has to join multicast session to receive multicast service(s), which requires UE to establish RRC connection. UEs are expected to stay in the RRC_CONNECTED state to achieve reliable multicast service delivery. When network releases or suspends the connection to the UEs, UEs will move to RRC_IDLE or RRC_INACTIVE state. From RAN perspective, multicast service reception in RRC_IDLE/INACTIVE state does not support reliable delivery as that in RRC_CONNECTED state. Considering the multicast service with high reliability QoS requirement, we think NR Rel-17 Multicast service reception is only supported for RRC_CONNECTED UEs but not for UEs in RRC_IDLE/RRC_INACTIVE states. 
In RAN#89, we agreed to keep NR broadcast reception in scope of RAN WI for NR Rel-17 MBS. Broadcast services are services with best-effort reliability and there is no specific QoS requirement (actual broadcast QoS service requirements to be discussed SA2). From RAN perspective, one key aspect to consider is how to provide the broadcast service configuration and PTM configuration for UEs in all RRC states. Table 1 compares the different properties between reception of multicast and broadcast services. More details from RAN2 perspectives (e.g., service continuity, handover, etc.) are compared in our companion contribution [2].

Table 1 Multicast vs. Broadcast

	
	Multicast services
	Broadcast services

	Radio reliability requirement
	High reliability requirement and reliability should be same as unicast delivery
	High reliability is not essential requirement

	Which UE can receive service
	Need UEs to join multicast session to receive multicast service. 
	Not need UEs to join broadcast session to receive broadcast service. 

All UEs, which are registered with 5GC and broadcast service area, can receive broadcast service.

	UE RRC states
	RRC_CONNECTED state
	RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED states

	UE context in RAN and 5GC
	Both RAN and CN will keep UE context of interested multicast services to receive (i.e. UE context established in network at the time of multicast session joining procedure).

No need of additional interest indication
	RAN and CN does not need to have UE context to provide broadcast service and UEs can receive broadcast service without informing network. 

But to support broadcast connected mode service continuity, RAN may receive interested broadcast service information from UEs (e.g. MBMS Interest Indication in LTE eMBMS/SC-PTM).

	Control configuration 
	Unicast RRC
	SIB/MCCH

	HARQ-ACK feedback
	Supported
	Not Supported

	CSI feedback
	Supported
	Not Supported


Observation 1: High reliability QoS requirement for multicast reception cannot be achieved for UEs in RRC_IDLE/RRC_INACTIVE states.

Proposal 1: Multicast reception with high reliable QoS requirement is not supported for UEs in RRC_IDLE/RRC_INACTIVE states.

3. MCCH/MTCH for Broadcast reception

Like LTE eMBMS/SC-PTM, broadcast services are expected to be provided in a given broadcast service area and any UE registered with 5GC can receive broadcast service(s) while in any RRC state. Referring to the LTE SC-PTM design, we can configure MCCH/MTCH for broadcast services. The MCCH is to carry the control information for broadcast services with minimum impact on the SIB for the legacy UEs not supporting broadcast services. A new NR SIBxx (similar with LTE SIB20) can be used to specify MCCH configuration. The MCCH-RNTI can be indicated in the SIBxx to identify the common PDCCH for MCCH. The MTCH is the data channel of broadcast services and MTCH configuration is indicated by MCCH. The one or more MTCH-RNTIs can be configured in MCCH for MTCH of different broadcast services. No UE feedback is needed for PDSCH carrying MCCH/MTCH for broadcast reception.
Proposal 2: Define MCCH/MTCH for supporting the broadcast reception.

· One or more MCCHs per cell can be configured by SIB. MCCH is carried over GC-PDSCH, which is dynamically scheduled by GC-PDCCH.
· One or more MTCHs can be configured by MCCH for broadcast services. MTCH is carried over GC-PDSCH, which is dynamically scheduled by GC-PDCCH.
4. BWP for Broadcast MCCH/MTCH 

The common frequency resource for broadcast services can be defined as Broadcast BWP, received by UEs in all states. Based on previous RAN1 meeting, the default Broadcast BWP for broadcast is the initial BWP if not configured in SIB; otherwise, it is FFS whether the MBS BWP for broadcast can be larger or smaller than initial BWP. 

· It is possible to configure the Broadcast BWP by SIB, e.g., larger than initial BWP for flexible scheduling to avoid congestion by SI/paging/broadcast traffic in same band. However, considering there may be band limited UEs, it would be simple to have a Broadcast BWP same as initial BWP for those UEs. 
· Considering there may be various types of broadcast services and some of them may have large packets, one or multiple BWPs for broadcast MTCH(s) may be configured by the MCCH.  

Proposal 3: For broadcast MCCH/MTCH, MBS common resource for GC-PDCCH/PDSCH is configured as Broadcast BWP.

· One or more Broadcast BWPs can be configured for MCCH/MTCH(s).
· Broadcast BWP can be configured to be larger than initial BWP.
5. GC-PDCCH configuration for Broadcast MCCH/MTCH 

From RAN1 perspective, we may focus on the discussion of the MCCH/MTCH configuration in terms of CORESET and SS for GC-PDCCH monitoring and the scheduling parameters for GC-PDSCH transmission. 
· CORESET of PDCCH for broadcast MCCH/MTCH
· CORESET for MCCH/MTCH can be same as CORESET0 by default.
· It is possible to configure the CORESET for MCCH by SIB.
· CORESET for broadcast MTCH can be CORESET0 or configured by MCCH within the Broadcast BWP.
Proposal 4: CORESET of GC-PDCCH for MCCH/MTCH can be configured per Broadcast BWP.

· CORESET for MCCH can be configured by SIB.

· CORESET for MTCH can be configured by MCCH.

· Search Space of GC-PDCCH for broadcast MCCH/MTCH
· A new type of CSS for GC-PDCCH should be defined for SS of MCCH.
· The SS of GC-PDCCH for broadcast MTCH could be same as that of MCCH or configured by MCCH.
Proposal 5: A new type of CSS is defined as the SS of PDCCH for MCCH, configured by SIB.

6. GC-PDSCH configuration for Broadcast MCCH/MTCH 

For GC-PDSCH transmission of broadcast MCCH/MTCH, the configuration can be separately considered:
· For sake of simplicity, GC-PDSCH for MCCH can assume similar transmission parameters as that SIB, such as MCS, MIMO layer, etc. 
· GC-PDSCH configuration for broadcast MTCH can be more flexible, configured by MCCH.
Proposal 6: 
· GC-PDSCH for MCCH can use QPSK and single layer same as that of SIB 
· GC-PDSCH for MTCH of broadcast services can be configured by MCCH to use flexible MCS and MIMO layer.
· GC-PDSCH repetition for broadcast MCCH/MTCH
For RRC_CONNECTED UEs, we have agreed to support slot-level repetition for GC-PDSCH. Similar agreement should be applied for RRC_IDLE/INACTIVE UEs, when receiving broadcast services.  
Compared with multicast transmission, transmit diversity is relatively more important for broadcast transmission due to no CSI feedback and HARQ operation. In order to achieve time diversity, we may consider GC-PDSCH repetitions on non-contiguous slots, i.e., by inserting gaps in between repeated GC-PDSCH slots. As illustrated in Figure 1, the gap could be used to perform time interleaving as illustrated in Figure 2. To maintain the same throughput as non-interleaved transmission, we scale the TBS by a factor equal to the number of (non-contiguous) slots aggregated for transmission. Our interleaving comprises mapping different redundancy versions (RVs) of this TBS-scaled transport block over the aggregated slots. Due to this scaled TBS, the legacy RV definitions may not be optimal for our time interleaving solution, since the systematic bits may potentially be punctured. We proposed to define modified RV definitions with StartRV(j)=EndRV(j-1)+1 as. 
 illustrated in Figure 3, such that the systematic bits are not punctured
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Figure 1 GC-PDSCH repetitions on non-contiguous slots
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Figure 2 Illustration of time-interleaving
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Figure 3 Legacy RVs vs. modified RVs

Figure 4 shows the LLS results for RV-based time-interleaved broadcast GC-PDSCH described above, with 4 non-contiguous slots per TB, and 16 TBs interleaved with each other. The simulation assumption is summarized in Table 1. 
Table 1 Link-level simulation assumption

	Carrier Frequency
	2GHz

	Subcarrier spacing
	15kHz

	Bandwidth
	20MHz

	Channel model
	TDL-C with RMS delay spread=100ns

	Antenna configuration
	2T2R

	Transmission scheme
	single port precoder cycling

	DMRS
	2 symbols

	MIMO layer
	1

	Coding rate
	0.4785

	Modulation
	16QAM

	PDSCH repetition number
	4

	UE mobility speed
	60km/h
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Figure 4 BLER performance of broadcast GC-PDSCH with 4-RV repetitions
The results from Figure 4 confirm the performance improvement due to the implementation of the proposed time-interleaving for broadcast GC-PDSCH. The time-interleaving for GC-PDSCH repetitions with modified RVs can achieve ~1.5dB gain at BLER=1% over non-interleaved transmission, as well as a ~1 dB gain over interleaved transmission with legacy RV definition.
Observation 2: The RV-based time-interleaving provides significant performance improvements for broadcast GC-PDSCH receptions.
Proposal 8: For broadcast transmission, support slot-level repetition for group-common PDSCH 

· Support indicating the semi-static and dynamic slot-level repetition number for GC-PDSCH.

· Support RV-based time-interleaving for GC-PDSCH repetitions.

7. Beam sweeping for Broadcast MCCH/MTCH 

In last RAN1 meeting, we have agreed to support beam sweeping for RRC_IDLE/INACTIVE UEs. If MCCH/MTCH will be used for broadcast configuration, the beam sweeping for MCCH/MTCH need to be further discussed.

· UE may assume the beam sweeping for MCCH/MTCH based on the following alternatives:

· Alt1: QCL is associated with SSB (similar as SIB)
· Alt2: QCL is associated with TRS if configured in SIB for broadcast reception.
· TRS could be transmitted from serving cell or multiple cells which transmit the broadcast services in the SFN area (which cell is transmitting is transparent to UE).
· TRS is necessary for GC-PDSCH reception with higher modulation, e.g., for MTCH.
· UE may assume the QCL for MTCH configured by MCCH or same as that of MCCH if not explicitly configured.
Proposal 8: UE may assume that GC-PDCCH/PDSCH is QCL’d with SSB or TRS if configured in SIB for broadcast reception.

3. Conclusion               
In this contribution, we discussed the basic functions of MBS for RRC_IDLE/INACTIVE UEs. 
Observation 1: High reliability QoS requirement for multicast reception cannot be achieved for UEs in RRC_IDLE/RRC_INACTIVE states.

Proposal 1: Multicast reception with high reliable QoS requirement is not supported for UEs in RRC_IDLE/RRC_INACTIVE states.

We focused on the basic functions of broadcast services with the following observations/proposals: 
For support of NR broadcast reception:
Proposal 2: Define MCCH/MTCH for supporting the broadcast reception.

· One or more MCCHs per cell can be configured by SIB. MCCH is carried over GC-PDSCH, which is dynamically scheduled by GC-PDCCH.
· One or more MTCHs can be configured by MCCH for broadcast services. MTCH is carried over GC-PDSCH, which is dynamically scheduled by GC-PDCCH.
For configuration of GC-PDCCH for MCCH/MTCH:
Proposal 3: For broadcast MCCH/MTCH, MBS common resource for GC-PDCCH/PDSCH is configured as Broadcast BWP.

· One or more Broadcast BWPs can be configured for MCCH/MTCH(s).

· Broadcast BWP can be configured to be larger than initial BWP.
Proposal 4: CORESET of GC-PDCCH for MCCH/MTCH can be configured per Broadcast BWP.

· CORESET for MCCH can be configured by SIB.

· CORESET for MTCH can be configured by MCCH.

Proposal 5: A new type of CSS is defined as the SS of PDCCH for MCCH, configured by SIB.

For configuration of GC-PDSCH for MCCH/MTCH:
Proposal 6: 

· GC-PDSCH for MCCH can use QPSK and single layer same as that of SIB 

· GC-PDSCH for MTCH of broadcast services can be configured by MCCH to use flexible MCS and MIMO layer.

Observation 2: The RV-based time-interleaving provides significant performance improvements for broadcast GC-PDSCH receptions.
Proposal 7: For broadcast transmission, support slot-level repetition for group-common PDSCH 

· Support indicating the semi-static and dynamic slot-level repetition number for GC-PDSCH.

· Support RV-based time-interleaving for GC-PDSCH repetitions.
For beam sweeping of MCCH/MTCH:
Proposal 8: UE may assume that GC-PDCCH/PDSCH is QCL’d with SSB or TRS if configured in SIB for broadcast reception.

References

[1] R2-2100318, ‘NR Multicast Vs Broadcast comparison and Radio Bearer Architecture aspects’, Qualcomm, RAN2#113-e, Jan 25th – Feb 5th, 2021.
3GPP


