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During RAN#88-e meeting, the revised WI on NR MBS has been approved [1]. One of its objectives is to specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states. 
In this contribution, we provide our analysis and views on remaining issues for MBS reception for RRC_IDLE/INACTIVE UEs, mainly focusing on the scheduling aspects.
Discussion
Common frequency resource (CFR)
Case D vs Case E
During RAN1#105-e meeting [2], CFR discussion was divided into CFR for MCCH and CFR for MTCH, respectively. Some agreements were reached on the case when CFR equals to CORESET#0 (i.e., Case A). And some proposals were also discussed for cases when CFR is larger than CORESET#0 without conclusion. 
	Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MCCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.
Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MTCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.



During RAN#93-e meeting, companies discussed whether to support Case C, Case D and Case E and reached the following agreements [3]. Case C has been supported and RAN1 needs to further discuss whether to additionally support Case D only, Case E only or both Case D and Case E.
	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


Case D and Case E can be described as following. Technically speaking, both Case D and Case E as well as Case C require UE to activate a BWP larger than CORESET#0 in RRC_IDLE/INACTIVE states. The spec impacts and implementation impacts for these parts are almost the same. For avoiding BWP switching between reception of unicast and broadcast, once UE enters RRC_CONNECTED state, for Case D, UE can still use SIB-1 configured initial BWP as the activated BWP or activate another BWP larger than CFR. For Case E, UE can still use BWP X as the activated BWP or activate another BWP as long as it is larger than the CFR. The only difference between Case D and Case E is just the different size of CFR.
	Case D
	 [image: ]

	Case E
	[image: ]



Furthermore, Case C, Case D and Case E can apply the same configuration framework. If the same CFR is required for MCCH and MTCH, then CFR for Case C, Case D or Case E can be configured in SIB signalling. If different CFR can be configured for MCCH and MTCH, then CFR for MTCH for Case C, Case D or Case E can alternatively be configured in MCCH.
Proposal 1: For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC_IDLE/INACTIVE states, support both Case D and Case E.

Number of CFR for MTCH
· Power saving
To cover all MBS services within one CFR as Mode 1 shown in Figure-1, the frequency range of the CFR will be very large considering that there are some types of broadcast service with large data packet, e.g., video service. Thus, even if the switching between CFR and initial BWP is supported, the energy saving effect will not be achieved.
A reasonable way is to configure multiple CFRs as Mode 2 shown in Figure-1. The MBS services can be divided into different groups. The MBS services of each group are transmitted within one CFR, and the MBS services of different groups can occupy different CFRs. In this way, each CFR occupies a relatively narrow bandwidth, and UE switches among different CFRs for reception different MBS services. The switching does not occur frequently as subscribers are not frequently changing to receive different MBS services in a typical scenario. 
[image: ]
Figure-1: Mode 1 and Mode 2 of CFR configuration
· MBS service expansion
When MBS service expansion is required, that is, a new MBS service needs to be transmitted. Under mode 1, if the CFR capacity is full, the frequency range of CFR needs to be reconfigured to carry the new MBS service. In this process, the DCI size of the group common PDCCH needs to be re-determined, and the DCI size alignment needs to be restarted. In addition, the receiving configuration of other MBS services on the CFR may also be affected.
For the mode 2, a new CFR can be configured to support the new MBS service without any influence on the existing MBS transmission configuration.
[image: ]
Figure-2: Mode 1 and Mode 2 of CFR configuration
· [bookmark: OLE_LINK9]Redcap UE supporting
As for the maximum bandwidth capability of the Redcap UE, the following agreement was reached in RAN1#103-e meeting. It should be noted that the Redcap UE can support CORESET#0 defined initial BWP, but may not support the receiving of the bandwidth larger than CORESET#0.
	Agreement: 
· Maximum bandwidth of an FR1 RedCap UE is 20 MHz during and after initial access.
· FFS: Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access
· Maximum bandwidth of an FR2 RedCap UE is 100 MHz during initial access and 100MHz after initial access.



According to the above agreement, it is not always effective for increasing the CFR bandwidth to carry more MBS services, especially for Redcap UE. So it is particularly important for redcap UE to support multiple CFRs, which means that more MBS services can be received.
Observation 1: Regarding CFR, 
· It is beneficial for power saving by supporting more than one CFR.
· It is beneficial for MBS service expansion by supporting more than one CFR.
· It is particularly important for redcap UE to support multiple CFRs, which means that more MBS services can be received.

Proposal 2: More than one CFR is supported for MTCH for UEs in RRC_IDLE/INACTIVE states.
Different CFR for MCCH and MTCH
MCCH only transmits some control information for MBS. However, MTCH needs to transmit MBS traffic, which may require large bandwidth. Considering the different requirements of MCCH and MTCH, it is worthwhile for network to have the flexibility of configuring different CFRs for MCCH and MTCH. 
Further, if more than one CFR is supported for MTCH for transmitting different MBS traffics or to accommodate UEs with different bandwidth capabilities, this naturally supports the different CFR configuration for MTCH. 
Proposal 3: Network supports configuring different CFRs for MCCH and MTCH.

PDSCH reception
PDSCH repetition
During RAN1#106b-e meeting [4], the following agreement was achieved. It has been agreed to support slot-level repetition for broadcast reception with UEs in RRC_IDLE/INACTIVE states.
	Agreement:
For broadcast reception with UEs in RRC_IDLE/INACTIVE states, support slot-level repetition for MTCH.



The same mechanism as slot aggregation can be reused for broadcast repetition. The only remaining issue is how to configure the repetition number. The repetition number can be configured per G-RNTI via MCCH.
Proposal 4: For broadcast reception with UEs in RRC_IDLE/INACTIVE states, the repetition number of slot-level repetition for MTCH is configured per G-RNTI via MCCH.

SPS PDSCH
During RAN1#103-e meeting [5], it was agreed to support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs.
	Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH



SPS group-common PDSCH for MBS can also be considered for RRC_IDLE/INACTIVE UEs for the following reasons. From this perspective, SPS PDSCH is a nature and straightforward solution to support broadcast service for RRC_IDLE/INACTIVE UEs.
1. Most of the broadcast service is periodic service;
2. The PDSCH scheduling for broadcast is more conservative in order to accommodate all UEs.
Proposal 5: Support SPS group-common PDSCH for MBS for RRC_IDLE/INACTIVE UEs.

PDSCH TDRA table
During RAN1#103-e and RAN1#105-e meetings, the following agreements were achieved. Both of searchspace#0 and search space other than searchspace#0 are supported for GC-PDCCH scheduling MCCH/MTCH. Further, it was also agreed that the configuration of the Rel-15/Rel-16 initial BWP will be used as default values of the PDCCH/PDSCH parameters if the PDCCH/PDSCH parameters for broadcast reception with GC-PDCCH/PDSCH are not configured. In this section, the TDRA table for MBS PDSCH is analysed.
	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
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 MCCH.
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.
Agreement:
The PDCCH/PDSCH parameters for broadcast reception with GC-PDCCH/PDSCH, which are not configured, use as default the value of the PDCCH/PDSCH parameters for the configuration of the Rel-15/Rel-16 initial BWP for RRC_IDLE/RRC_INACTIVE UEs.



As shown in Table 5.1.2.1.1-1 of TS38.214 (See Appendix 5.1 of this contribution), some rules of TDRA table determination are defined. Regarding the default TDRA tables, default table B and C are designed specifically for SSB and CORESET multiplexing pattern 2 and 3, respectively. For multiplexing pattern 2 or 3, paging/OSI transmission will be FDMed with the corresponding SSB. Then, the time domain resource allocation of paging/OSI PDSCH will be limited by its associated SSB. As shown in Figure-3, time domain resource allocation patterns in multiplexing pattern 2 with SCSs combination of {240kHz, 120kHz} are taken as an example. The recommended row indexes used by each PDCCH are shown in this Figure, e.g., SSB0 corresponds to row index 2. Note, the row index is quoted from default B table as defined in TS38.214 (See Appendix 5.2 of this contribution). Thus, a unified sweeping order can be achieved for both SSB and associated paging/OSI PDSCH transmission. 


[bookmark: OLE_LINK1]Figure-3: Time domain resource allocation patterns in multiplexing pattern 2 with SCSs combination of {240kHz, 120kHz}
If search space 0 is used for MBS reception, it is viable to reuse the same default B table and C table for MBS PDSCH under the corresponding multiplexing patterns with the above restriction as shown in Figure-3. However, if search space other than 0 is used for MBS reception, the above restriction is invalid. And it will seriously affect the flexibility and capacity of MBS transmission, because most of the entities only have a length of 2 or 4 symbols for PDSCH allocation. This does not meet the requirement of mass data transmission, e.g., video service under MBS. The following approach is proposed to address this issue.
Proposal 6: Adding the following PDSCH TDRA table determination rule for broadcast to Table 5.1.2.1.1-1 of TS38.214.
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	pdsch-Config-broadcast includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	MCCH_RNTI, G_RNTI for broadcast
	Type-x Common for broadcast
	1
	No
	-
	No
	Default A
(if SearchSpaceZero is configured)

	
	
	2
	No
	-
	No
	Default B
(if SearchSpaceZero is configured)

	
	
	3
	No
	-
	No
	Default C
(if SearchSpaceZero is configured)

	
	
	1,2,3
	No
	-
	No
	Default A
(if SearchSpaceZero is NOT configured)

	
	
	1,2,3
	Yes
	-
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	
	
	1,2,3
	No/Yes
	-
	Yes
	pdsch-TimeDomainAllocationList provided in pdsch-Config-broadcast



DCI fields
Based on our understanding, at least the following information is transmitted by means of the DCI format 1_0 with CRC scrambled by MCCH-RNTI/G-RNTI for broadcast:

-	Frequency domain resource assignment – bits

-	 is the size of CORESET 0 
-	If the size of CFR (i.e. ) is larger than the size of CORESET0, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 6, 8, 10, 12} which satisfies ;otherwise, 
-	Time domain resource assignment – 4 bits
-	VRB-to-PRB mapping – 1 bit 
-	Modulation and coding scheme – 5 bits 
-	Redundancy version – 2 bits
-	MCCH change notification – 2 bits if the CRC of the DCI format 1_0 is scrambled by MCCH-RNTI. Otherwise, this bit field is reserved. 
-	Reserved bits – 14 bits 

Regarding TDRA, VRB-to-PRB mapping, MCS and RV field, they are the same as the legacy UE behaviour.
Regarding MCCH change notification, as agreed in RAN1#106b-e meeting, it should be included in the DCI scheduling MCCH. In order to share the same DCI fields design for DCI scheduling MCCH and DCI scheduling MTCH of broadcast, we can directly include MCCH change notification in the DCI format.
Regarding the bit size of FDRA, it is proposed to have the same handling as what we agreed in last meeting for the first DCI format for multicast. Also, if FDRA is determined by the CFR, it may end up with different FDRA bit sizes for MCCH scheduling and MTCH scheduling since the CFR size may be different for MCCH and MTCH. Thus, to have a unified solution, it is preferred to use the same mechanism for MCCH and MTCH of broadcast.

Proposal 7: The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by MCCH-RNTI/G-RNTI for broadcast:

-	Frequency domain resource assignment – bits

-	 is the size of CORESET 0 
-	If the size of CFR (i.e. ) is larger than the size of CORESET0, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 6, 8, 10, 12} which satisfies ;otherwise, 
-	Time domain resource assignment – 4 bits
-	VRB-to-PRB mapping – 1 bit 
-	Modulation and coding scheme – 5 bits 
-	Redundancy version – 2 bits
-	MCCH change notification – 2 bits if the CRC of the DCI format 1_0 is scrambled by MCCH-RNTI. Otherwise, this bit field is reserved. 
-	Reserved bits – 14 bits 
Conclusion
In this contribution, analysis and views on detailed design for MBS reception for RRC_IDLE/RRC_INACTIVE UEs are presented with the following proposals.
Proposal 1: For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC_IDLE/INACTIVE states, support both Case D and Case E.
Observation 1: Regarding CFR, 
· It is beneficial for power saving by supporting more than one CFR.
· It is beneficial for MBS service expansion by supporting more than one CFR.
· It is particularly important for redcap UE to support multiple CFRs, which means that more MBS services can be received.

Proposal 2: More than one CFR is supported for MTCH for UEs in RRC_IDLE/INACTIVE states.
[bookmark: _GoBack]Proposal 3: Network supports configuring different CFRs for MCCH and MTCH.
Proposal 4: For broadcast reception with UEs in RRC_IDLE/INACTIVE states, the repetition number of slot-level repetition for MTCH is configured per G-RNTI via MCCH.
Proposal 5: Support SPS group-common PDSCH for MBS for RRC_IDLE/INACTIVE UEs.
Proposal 6: Adding the following PDSCH TDRA table determination rule for broadcast to Table 5.1.2.1.1-1 of TS38.214.
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	pdsch-Config-broadcast includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	MCCH_RNTI, G_RNTI for broadcast
	Type-x Common for broadcast
	1
	No
	-
	No
	Default A
(if SearchSpaceZero is configured)

	
	
	2
	No
	-
	No
	Default B
(if SearchSpaceZero is configured)

	
	
	3
	No
	-
	No
	Default C
(if SearchSpaceZero is configured)

	
	
	1,2,3
	No
	-
	No
	Default A
(if SearchSpaceZero is NOT configured)

	
	
	1,2,3
	Yes
	-
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	
	
	1,2,3
	No/Yes
	-
	Yes
	pdsch-TimeDomainAllocationList provided in pdsch-Config-broadcast



Proposal 7: The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by G-RNTI for MCCH and MTCH of broadcast:

-	Frequency domain resource assignment – bits

-	 is the size of CORESET 0 
-	If the size of CFR (i.e. ) is larger than the size of CORESET0, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 6, 8, 10, 12} which satisfies ;otherwise, 
-	Time domain resource assignment – 4 bits
-	VRB-to-PRB mapping – 1 bit 
-	Modulation and coding scheme – 5 bits 
-	Redundancy version – 2 bits
-	MCCH change notification – 2 bits if the CRC of the DCI format 1_0 is scrambled by MCCH-RNTI. Otherwise, this bit field is reserved. 
-	Reserved bits – 14 bits 

Reference
RP-201038, WID revision: NR Multicast and Broadcast Services, RAN#88e.
3GPP RAN1#105-e, Chairman’s notes.
3GPP RAN#93-e, Meeting report.
3GPP RAN1#106b-e, Chairman’s notes.
3GPP RAN1#103-e, Chairman’s notes.
Appendix
Applicable PDSCH time domain resource allocation
Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	SI-RNTI
	Type0A common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	RA-RNTI, TC-RNTI
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	P-RNTI
	Type2 common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in pdsch-Config




Default B table
Table 5.1.2.1.1-4: Default PDSCH time domain resource allocation B
	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2,3
	Type B
	0
	2
	2

	2
	2,3
	Type B
	0
	4
	2

	3
	2,3
	Type B
	0
	6
	2

	4
	2,3
	Type B
	0
	8
	2

	5
	2,3
	Type B
	0
	10
	2

	6
	2,3
	Type B
	1
	2
	2

	7
	2,3
	Type B
	1
	4
	2

	8
	2,3
	Type B
	0
	2
	4

	9
	2,3
	Type B
	0
	4
	4

	10
	2,3
	Type B
	0
	6
	4

	11
	2,3
	Type B
	0
	8
	4

	12 (Note 1)
	2,3
	Type B
	0
	10
	4

	13 (Note 1)
	2,3
	Type B
	0
	2
	7

	14 (Note 1)
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	15 
	2,3
	Type B
	1
	2
	4

	16
	Reserved

	Note 1: If the PDSCH was scheduled with SI-RNTI in PDCCH Type0 common search space, the UE may assume that this PDSCH resource allocation is not applied
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