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1. Introduction 
In this document, we will discuss the PHY aspects on broadcast MCCH/MTCH.

2. Discussion 
2.1 Broadcast CFR 
In RANP#93-e, we have the following agreements [1]:

Agreement (Updated proposal from RAN1#106e):
For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC IDLE/INACTIVE state.
· Support Case-C
· Support at least one of Case D and Case E. 
· Down-selection to be made at RAN1#106b-e
· Note: Case C, D and E are defined in previous agreements
	
	There is some discussion on different interpretations of initial BWP for RRC_IDLE/INACTIVE and RRC_CONNECTED UEs when initial BWP is configured in SIB larger than CORESET#0. For legacy UEs, “it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment”, which means RRC_CONNECTED UEs may assume initial BWP for paging while RRC_IDLE/INACTIVE UEs still camp on CORESET#0. 
Now, we are discussing the UE behavior of new Rel-17 UEs capable of broadcast reception. If a CFR is configured with the same size as initial BWP broadcasted by SIB (i.e., Case C), it is common for Rel-17 UEs in all states to receive broadcast GC-PDCCH/GC-PDSCH. For RRC_IDLE/INACTIVE UEs, the CORESET#0 is still the “initial BWP to receive SIB/paging” but the broadcast CFR with bandwidth size of “SIB-indicated initial BWP” larger than CORESET#0 can be regarded as a new BWP, differentiated from the “initial BWP to receive SIB/paging”. 
The SIB1-configued initial DL BWP is optionally configured, which can be used for power saving BWP of legacy UEs. The SIB1-configured initial BWP and broadcast CFR are for different purposes. It is unnecessary and overrestricted to bundle them together. If network does not configure SIB1-configured initial BWP, we should allow the network to configure a broadcast CFR/BWP larger than CORESET#0 for MBS UEs and it would be pointless to down-select Case C, D or Case E. The unified solution is preferred no matter whether it is Case E or Case C, and no matter whether there is SIB1-configured initial BWP or not. If Case C or Case E is configured, Case D can be implemented by using CORESET for GC-PDCCH and FDRA for GC-PDSCH by implementation. We don’t see the point to support the option of Case D only.

Proposal 1: Support Case E for a CFR-Config-Broadcast.

2.2 Different broadcast CFR for MCCH and MTCH

Considering different types of information carried in MCCH and MTCH, separate CFR can be configured supported. For example, 
· For MCCH, the broadcast CFR can be configured using Case A or UE assume CORESET#0 of default CFR for low-data-rate control information. 
· For MTCH, the broadcast CFR can be Case A/C/E for more flexible scheduling for high-data-rate to avoid congestion by broadcast traffic data in the band for the SI/paging. 
· Even if using same BW size for MCCH and MTCH, it is also possible to use different pdsch-config, and/or pdcch-config. For example, the MCCH can use TDRA in the pdsch-Config-Common and SS#0 similar as SIB; while the MTCH can use flexible MCS, RM patterns, and CORESET/SS for broadcast data services. More detailed discussion is in Sect. 2.3 and 2.4.

Proposal 2: Different CFR-Config-Broadcast can be configured for MCCH and for MTCH.


2.3 GC-PDCCH for Broadcast MCCH/MTCH 
· Search Space of GC-PDCCH for broadcast MCCH/MTCH

In RAN1#106-e, we have the following conclusion/agreements:
Conclusion:
For broadcast reception with RRC_IDLE/RRC_INACTIVE UEs, there is no specification support in Rel-17 of different CSS types for GC-PDCCH scheduling MCCH and MTCH.

Agreement:
Study whether the Type-x CSS supported for multicast in RRC_CONNECTED can be reused as baseline for broadcast in RRC_IDLE/RRC_INACTIVE for GC-PDCCH scheduling MCCH and MTCH.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MTCH.


If a CSS other than searchSpace#0 is configured in the broadcast CFR, RAN1 needs to discuss whether the searchSpaceBroadcast if configured in a CFR-Config-Broadcast is similar as legacy CSS or multicast Type-X CSS with configurable monitoring priority. If the broadcast DCI formats in the broadcast CSS is treated similar as SIB/paging in legacy CSS, it will always have higher monitoring priority than USS for unicast and CSS for multicast. Since a RRC_CONNECTED UE may receive broadcast/unicast/multicast in a BWP, we prefer to reuse the design of multicast Type-X CSS with configurable monitoring priority for the broadcast CSS.

Proposal 3: The searchSpaceBroadcast if configured in a CFR-Config-Broadcast is using same Type-X CSS as that of multicast CSS.


2.4 GC-PDSCH for Broadcast MCCH/MTCH 

· GC-PDSCH configuration 

For GC-PDSCH transmission of broadcast MCCH/MTCH, the configuration can be separately considered, i.e., pdsch-config in corresponding CFR for MCCH/MTCH:
· For sake of simplicity, GC-PDSCH for MCCH can assume QPSK and single layer, similar as SIB/paging. 
· GC-PDSCH configuration for broadcast MTCH can be more flexible, configured by MCCH.
· Semi-static and dynamic repetitions can be configured for broadcast MCCH/MTCH to improve the link budget.

Proposal 4: 
· GC-PDSCH for broadcast MCCH can use QPSK and single layer.
· GC-PDSCH for broadcast MTCH can be configured by MCCH to use flexible MCS.

· GC-PDSCH repetition for broadcast MCCH/MTCH
Agreement:
· For broadcast reception with UEs in RRC_IDLE/INACTIVE states, support slot-level repetition for MTCH.
For RRC_CONNECTED UEs, we have agreed to support slot-level repetition for GC-PDSCH. RAN1 needs to discuss whether to support semi-static and dynamic repetition for broadcast. Compared with multicast transmission, transmit diversity is relatively more important for broadcast transmission due to no CSI feedback and HARQ operation. So far, only slot-level repetition is supported for MTCH lack of details. For MCCH, semi-static repetition is sufficient. For MTCH, it is possible to consider semi-static and dynamic repetition considering variable resource allocation.


Proposal 5: For RRC_IDLE/INACTIVE UEs, 
· Support slot-level repetition for MCCH, using
· (Config A) UE can be configured with pdsch-AggregationFactor, applied to DCI format 1_0 with MCCH-RNTI.
· For slot-level repetition for MTCH, support
· (Config A) UE can be configured with pdsch-AggregationFactor per G-RNTI, applied to DCI format 1_0 with the G-RNTI.
· (Config B) UE can be configured with TDRA table with repetitionNumber as part of the TDRA table in PDSCH-Config-Broadcast
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same GC-PDSCH.

· HARQ process for GC-PDSCH

In last meeting, we have discussed the HARQ process number for multicast and have following conclusion:
Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· How to allocate HARQ processes between unicast and multicast is up to gNB.

However, it is not clear the case of NR broadcast GC-PDSCH. For LTE broadcast with no QoS requirement, e.g., SC-PTM, MBSFN, EnTV, no HARQ combining is supported. In NR, a dedicated HARQ process is used for SIB, not occupying the total number of HARQ processes for unicast. For NR Rel-17 broadcast, RAN1 needs to discuss whether/how to allocate HARQ process(es) for broadcast.
· Opt1: not support HARQ combining for broadcast, not requiring HARQ process(es)
· Opt2: support HARQ combining for broadcast, requiring HARQ process(es).
· Opt2-1: introduce additional dedicated HARQ process(es)
· Increase the total number of HARQ processes per UE, which may increase UE complexity due to larger soft buffer
· Opt2-2: share the dedicated HARQ process with SIB
· Limited to the HARQ process with low data rate/QPSK due to small soft buffer for SIB
· May need different scheduling window for SIB and broadcast
· Opt2-3: borrow HARQ process(es) from unicast/multicast 
· No increase the total number of HARQ processes per UE
· May need different scheduling window for unicast/multicast/broadcast

Opt1 is similar as LTE broadcast. Opt2 is beneficial to improve the robustness of NR Rel-17 broadcast, but Opt2-1 and 2-2 are not preferred. Regarding Opt2-3, at least for RRC_IDLE/INACTIVE UEs, the HARQ processes of unicast/multicast are available, and it is possible to support HARQ combining for broadcast MCCH/MTCH without increasing the UE soft buffer size. For RRC_CONNECTE UEs, it can be up to UE implementation whether to use HARQ combining for broadcast reception. 

Proposal 6: For RRC_IDLE/INACTIVE UEs, the HARQ combining can be supported by using the available HARQ process(es) not used for unicast/multicast.

2.5 QCL for Broadcast GC-PDCCH/PDSCH 

RAN1 has 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 periodic 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).

In RANP#93-e, we have the following agreements [1]:
Agreement:
· The following aspects can be considered to be within the scope of the Rel-17 MBS WID and can be further discussed in the WGs with the aim of minimizing specification impacts:
· Configurable scrambling sequence initialization for PDCCH/PDSCH and DMRS sequence generator initialization for PDCCH/PDSCH for broadcast transmission (as supported for RRC_CONNECTED UE).
· Configuring TRS as QCL sources for broadcast transmission (as supported for RRC_CONNECTED UE).
· Note: For broadcast transmission, the presence of TRS would be optional from a network perspective. 
· Note: Any SFN operation is transparent to the UE

If broadcast is transmitted from SFNed multiple cells, GC-PDCCH/PDSCH should be QCL’d with periodic TRS with the multiple cells. The time delay spread of multi-cell transmission is different from that of serving cell’s SSB. The TRS can be configured in a broadcast CFR with transmission no larger than that of the CFR.  The TRS can still be QCL-ed with SSB at least in terms of timing, doppler shift. 
Even if the broadcast is transmission from single cell, the GC-PDSCH for MTCH may use high modulation and TRS is beneficial to link budget.


Proposal 7: TRS can be configured in a CFR-Config-Broadcast for RRC_IDLE/INACTIVE UEs.
· UE may assume that the GC-PDCCH/PDSCH is QCL’d with periodic TRS if configured for broadcast.
· The TRS can be QCL-ed with SSB at least in terms of timing, doppler.

2.6 Multiplexing MCCH/MTCH and other PDCCH/PDSCH
The Downlink "Reception Type" Combinations for LTE SC-PTM is specified in Table 8.2-2 of TS36.302. The part related with SC-PDM is given as below for reference, where D2 (if the UE supports SC-PTM) or D3 (if the UE supports the parallel reception of unicast and SC-PTM) are for SC-RNTI/G-RNTI, as defined in Table 8.2-1. 

Table 8.2-2: Downlink "Reception Type" Combinations except for NB-IoT UEs, BL UEs and UEs in enhanced coverage
	
	PCell
	PSCell
	SCell
	Non-serving cell

	1. RRC_IDLE

	1.1 All UEs
	A + B + C + D
	
	
	

	
	Remarks:  The combination for Random Access procedure is only required, related to D.

	1.3 UEs supporting SC-PTM
	K1 + D2
	 
	 
	 

	2. RRC_CONNECTED

	2.1 All UEs
	A + B + (D or E or G or I) + (F or H or J) + M
	A + (D or E or G or I) + (F or H or J) + M
	(E or D1) + F1
	

	2.8 UEs supporting SC-PTM
	A + B + (D or (K1 + D2) or (K1 + D3) or E or G or I) + (F or H or J) + M
	A + B + (D or (K1 + D2) or (K1 + D3) or E or G or I) + (F or H or J) + M
	B + (D1 or (K1 + D2) or (K1 + D3) or E) + F1
	A + B + K1+ D2

	
	Remarks:  The combination is the requirement when SC-PTM reception is on PCell and/or any other cell. r is the number of DL CCs on which the UE supports SC-PTM reception according to the MBMSInterestIndication. The number of K1 and the number of D2 ≤ r.

	NOTE 2:   The UE is only required to receive one PDSCH, pertaining to D or D1 or D2 (if the UE supports SC-PTM) or D3 (if the UE supports the parallel reception of unicast and SC-PTM), per DL CC.



For LTE SC-PTM 
· RRC_IDLE UEs are not required to receive FDMed SC-PTM and PBCH/SIB/Paging in PCell.
· RRC_CONNECTED UEs shall be able to receive FDMed one PDSCH (for SC-PTM or unicast) and PBCH/SIB per DL CC, and can optionally receive FDMed SC-PDM and unicast (subject to UE capability).


For NR broadcast MCCH/MTCH, RAN1 needs to discuss 
· For RRC_IDLE/INACTIVE UEs, whether the UE is required to support FDMed MCCH/MTCH and PBCH/SIB/Paging in PCell.
· For RRC_CONNECTED UEs, 
· Whether to support FDMed MCCH/MTCH and PBCH/SIB per DL CC.
· Whether to support FDMed MCCH/MTCH and unicast per DL CC
· Whether to support FDMed MCCH/MTCH, multicast and unicast per DL CC

In our view, NR broadcast MCCH/MTCH can be treated similar as LTE SC-PTM, but in addition, we need to consider the multicast case for RRC_CONNECTED UEs.
· RRC_IDLE/INACTIVE UEs are not required to support FDMed MCCH/MTCH and PBCH/SIB/Paging in PCell.
· RRC_CONNECTED UEs, 
· Support FDMed one PDSCH (for MCCH, MTCH, or unicast) and PBCH/SIB in a DL CC.
· Whether to support FDMed MCCH/MTCH and unicast in a DL CC is subject to UE capability
· Whether to support FDMed MCCH/MTCH, multicast and unicast in a DL CC is subject to UE capability.

Proposal 8: For NR broadcast MCCH/MTCH
· RRC_IDLE/INACTIVE UEs are not required to support FDMed MCCH/MTCH and PBCH/SIB/Paging in PCell.
· RRC_CONNECTED UEs, 
· Shall be able to support FDMed one PDSCH (for MCCH/MTCH, multicast, or unicast) and PBCH/SIB in a DL CC.
· Whether to support FDMed one PDSCH (for MCCH/MTCH) and one PDSCH for unicast in a DL CC is subject to UE capability
· Whether to support FDMed one PDSCH (for MCCH/MTCH), one PDSCH for multicast and unicast in a DL CC is subject to UE capability.

3. Conclusion               
	In this contribution, we discussed the basic functions of broadcast MCCH/MTCH with the following proposals: 

For Broadcast CFR:
Proposal 1: Support Case E for a CFR-Config-Broadcast.

Proposal 2: Different CFR-Config-Broadcast can be configured for MCCH and for MTCH.


For GC-PDCCH of broadcast MCCH/MTCH:
Proposal 3: The searchSpaceBroadcast if configured in a CFR-Config-Broadcast is using same Type-X CSS as that of multicast CSS.



For GC-PDSCH of broadcast MCCH/MTCH:
Proposal 4: 
· GC-PDSCH for broadcast MCCH can use QPSK and single layer.
· GC-PDSCH for broadcast MTCH can be configured by MCCH to use flexible MCS.

For GC-PDSCH repetition of broadcast MCCH/MTCH:
Proposal 5: For RRC_IDLE/INACTIVE UEs, 
· Support slot-level repetition for MCCH, using
· (Config A) UE can be configured with pdsch-AggregationFactor, applied to DCI format 1_0 with MCCH-RNTI.
· For slot-level repetition for MTCH, support
· (Config A) UE can be configured with pdsch-AggregationFactor per G-RNTI, applied to DCI format 1_0 with the G-RNTI.
· (Config B) UE can be configured with TDRA table with repetitionNumber as part of the TDRA table in PDSCH-Config-Broadcast
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same GC-PDSCH.

Proposal 6: For RRC_IDLE/INACTIVE UEs, the HARQ combining can be supported by using the available HARQ process(es) not used for unicast/multicast.


For QCL of broadcast GC-PDCCH/PDSCH:
Proposal 7: TRS can be configured in a CFR-Config-Broadcast for RRC_IDLE/INACTIVE UEs.
· UE may assume that the GC-PDCCH/PDSCH is QCL’d with periodic TRS if configured for broadcast.
· The TRS can be QCL-ed with SSB at least in terms of timing, doppler.

For multiplexing MCCH/MTCH and other PDCCH/PDSCH 
Proposal 8: For NR broadcast MCCH/MTCH
· RRC_IDLE/INACTIVE UEs are not required to support FDMed MCCH/MTCH and PBCH/SIB/Paging in PCell.
· RRC_CONNECTED UEs, 
· Shall be able to support FDMed one PDSCH (for MCCH/MTCH, multicast, or unicast) and PBCH/SIB in a DL CC.
· Whether to support FDMed one PDSCH (for MCCH/MTCH) and one PDSCH for unicast in a DL CC is subject to UE capability
· Whether to support FDMed one PDSCH (for MCCH/MTCH), one PDSCH for multicast and unicast in a DL CC is subject to UE capability.
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