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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
3GPP Rel-17 work item for Multicast and Broadcast Services (MBS) was approved in [1]. Among the objectives, the scope of this WI includes specifying a group scheduling mechanism for UEs to receive Broadcast/Multicast services and necessary enhancements that are required to enable simultaneous operation with unicast reception.
	· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
· Specify support for basic mobility with service continuity [RAN2, RAN3]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].



During the RAN1#103-e meeting, several high-level agreements were made on scheduling aspects of MBS [3]. In the contribution, we present our views on the group scheduling mechanism for MBS, including PDCCH and transmission schemes, retransmissions, and possible fields for a DCI supporting MBS.
Discussion
[bookmark: _Ref61803636]BWP and Common Frequency Resource
In RAN1#103e meeting, the following working assumption was made [3].
	Working assumption: 
For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.
· FFS: How to indicate the starting PRB and the length of PRBs of the MBS frequency region
· FFS whether UE can be configured with no unicast reception in the common frequency resource
· FFS on details of the group-common PDCCH / PDSCH configuration
· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities



Option 2B has many similarities to the resource pool concept used in the sidelink, which supports broadcast, groupcast, and unicast. 
For example, in the sidelink, a RRC configuration allocates a resource pool as a contiguous block of RBs using a starting address and a number of RBs within a BWP. This pool can be overlaid on UL resources and BWPs. Within the resource pool, relative addressing is used. 
In addition, while the working agreement is for connected UEs, another consideration is operation in the idle state, for which the objective as stated in the WID [1] is “keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception”. It is noted that the resource pool in the sidelink is used for UEs that are in either the connected state or idle state.
Thus, one advantage of Option 2B is that its standardization effort can reuse the framework of the sidelink resource pool.
Proposal 1: Select Option 2B for the common frequency resource for group-common PDCCH/ PDSCH.
There are several FFS to be discussed from the working assumptions.
Since a UE knows Point A, the network can indicate the offset to Point A and the number of RBs (analogous to the resource pool for the sidelink) using the numerology of the MBS frequency region. 
Proposal 2: The starting location for the common frequency resource is referenced to Point A and its size is in PRBs.
One issue that may happen is when a UE is configured with more than one BWP having the same numerology as the MBS frequency region and those BWPs overlap the MBS frequency region.
· Can the UE receive MBS transmissions when any of those BWPs are active? The network does not have to signal the appropriate BWP to activate when transmitting the MBS payload, but some BWPs may be more desirable (size, locations) for MBS.
· Does the network configure each BWP with the capability to receive MBS? The network can selectively choose which BWP to activate but there may be more signaling needed for configuration.
The FFS regarding whether UE can be configured with no unicast reception in the common frequency resource, the moderator in [5] summarized that the “motivation is not clear to configure a UE with no unicast reception in the common frequency resource”. Using the sidelink design as a baseline, the network can schedule uplink traffic in a sidelink resource pool. Extending this concept to MBS, it is consistent for the network to schedule resources for unicast in the common frequency resource. Note that the network can benefit by using those resources when there is no MBS traffic scheduled.
Proposal 3: A UE supports unicast reception in the common frequency resource.
The FFS whether to support more than one common frequency resources needs additional clarification and is also related to configuration.
· If the common frequency resources are viewed as a resource pool, a resource pool is provided a periodicity. In this case there can be two or more resource pools that are time division multiplexed. This should not be an issue.
· If more than one common frequency resources are interpreted in the same slot, one observation is:
If a UE can receive multiple PDCCH / PDSCH, then whether it is one or multiple resource is irrelevant. A UE must receive an entire BWP. How that BWP is partitioned is already by network configuration. For instance, a UE can be configured with two CORESETs in the same symbol(s). 
Observation 1: further clarification on the meaning of “more than one common frequency resources” is needed.
Re-transmissions schemes
In RAN1#103e, there are several FFS regarding the re-transmission schemes [3] based on the understanding of the transmission schemes.
	Agreements: For convenience of discussion, consider the following clarification as RAN1 common understanding. 
· PTP transmission: For RRC_CONNECTED UEs, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. 
· PTM transmission scheme 1: For RRC_CONNECTED UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.
· PTM transmission scheme 2: For RRC_CONNECTED UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.    
· Note: The ‘UE-specific PDCCH / PDSCH’ here means the PDCCH / PDSCH can only be identified by the target UE but cannot be identified by the other UEs in the same MBS group with the target UE.
· Note: The ‘group-common PDCCH / PDSCH’ here means the PDCCH / PDSCH are transmitted in the same time/frequency resources and can be identified by all the UEs in the same MBS group.
· FFS whether or not to have additional definition of transmission scheme(s)



	Agreements: For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
· FFS: whether to support PTP transmission for retransmission(s).
· FFS: whether to support PTM transmission scheme 2 for retransmission(s).
· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.
FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?



Starting with re-transmissions using PTM transmission scheme 2: from one perspective, it is similar to PTM scheme 1 in that a group RNTI is analogous to a UE-specific RNTI. PTM scheme 2 allows the network to save PDSCH resources by avoiding multiple PDSCH. As shown in Fig. 1, in PTM scheme 2 (center), there are two PDCCH transmitted to schedule the retransmission. Note that the PDCCH does not have to be in the same slot as the PDSCH. A similar figure for P2P is shown on the right. Although both PDSCHs are transmitted in the same slot, it is not necessary.
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[bookmark: _Ref60928251]Fig. 1. Scheduling for retransmissions showing different BWPs and gNB.
In general, assume there are n2 UEs scheduled to use PTM scheme 2 and n3 UEs scheduled to use PTP for re-transmissions. Then (1+n2+n3) PDCCHs are required for scheduling re-transmissions, where the unit term is for PTM scheme 1. The minimum number of PDSCH is (1+n3), assuming the PTM scheme 2 uses the same PDSCH as PTM scheme 1. 
While there is increase cost for PTP in terms of resources, there can be some benefits such as providing lower code rates for certain users or scheduling benefits for the network. 
Proposal 4: Support both PTM transmission scheme 2 and PTP transmission for retransmission(s).
The discussion about the association between PTM scheme 1 and PTP transmitting the same TB is in section 2.6.3. 
The last FFS regarding how different retransmission schemes can be supported simultaneously for different UEs in the same group relates to the HARQ process, configuration, and retransmission approaches.
For example, if the first transmission uses PTM scheme 1, then all three retransmission schemes could be allowed for the first retransmission. For the second retransmission, it unclear what scheme should be used. Does it revert to PTP for PTM scheme 2? What should be used for PTM scheme 1? Once a UE receives a re-transmission using PTP, should it continue to use PTP. Fig. 2 shows some of the possible schemes for a first and second retransmission.
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[bookmark: _Ref61254946]Fig. 2. Possible choices for retransmissions
One possible approach can be:
· A UE can be provided RRC configuration of the scheme to use for the first retransmission with the default retransmission being PTM scheme 1. A field in the DCI can indicate to override the RRC configuration (e.g., PTM scheme 1 used for retransmission)
· For the second or later retransmission: the transmission is PTM scheme 1 (with the override) or the RRC configuration.
It may further study whether all branches need to be supported especially after 1st retransmission – all of which affect DCI design. The study may also consider the type of feedback a UE sends (NACK-only, ACK/NACK, none). 
TDM
In RAN1#103e, there are several FFS regarding TDM [3].
	Agreements: Support TDM between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs. 
Agreements: For RRC_CONNECTED UEs, support inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots (mandatory for the UE supporting MBS).
Agreements: Further study the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: support TDM among multiple group-common PDSCHs in a slot
· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: support FDM among multiple group-common PDSCHs in a slot
· FFS: maximum number of PDSCHs in a slot simultaneous received per UE



The five cases are illustrated in Fig. 3.
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[bookmark: _Ref61243873]Fig. 3. Comparison of the 5 cases: unicast PDSCH is in red, group-common PDSCH is in blue.
The more fundamental question is how many simultaneous receptions are allowed (by capability possibly). That is the last FFS. In addition, if multiple simultaneous receptions are allowed, the next question is how many simultaneous unicast and group-common PDSCH receptions are supported. When examining the agreements, the further study about the cases is addressing the second question and also considers the resource allocation for simultaneous receptions. Table 1 summarizes the different cases as well as the total number of receptions in a slot.
[bookmark: _Ref61520227]Table 1. Number of simultaneous receptions in a slot
	Case
	# simultaneous GC-PDSCH receptions
	# simultaneous unicast PDSCH receptions
	Total # simultaneous receptions
	Observations

	-
	1
	1
	2
	working assumption (presented in section 2.1)

	1
	1
	≥ 2
	≥ 3
	Generalization of agreement TDM between one unicast PDSCH and one group-common PDSCH in a slot

	2
	≥ 2
	
	≥ 2
	Cases 2 and 5 differ in the resource allocation

	3
	≥ 2
	≥ 2
	≥ 4
	Cases 3 and 4 differ in the resource allocation

	4
	≥ 2
	≥ 2
	≥ 4
	

	5
	≥ 2
	
	≥ 2
	



In addressing the number of many simultaneous receptions allowed, one possible impact is the number of HARQ processes supported when a UE configured to receive MBS. Based on the descriptions of the cases, cases 3 and 4 suggest that a UE can support more than 16 HARQ processes. If the decision is not to increase the number of processes, then cases 1, 2, and 5 can satisfy the number of HARQ processes. Consequently, to make progress here we propose:
Proposal 5: Determine the number of HARQ processes when configured to receive MBS.
SPS
Details for SPS scheduling remain after a high-level agreement in RAN1#103.
	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



A UE that subscribes to MBS needs to be informed when to activate / deactivate an on-going process. That implies a UE-specific PDCCH is needed. In addition, the network may elect to deactivate an on-going process globally as well as start a process globally. In that case a group common PDCCH can be used.
Observation 2: Support both group-common PDCCH and UE-specific PDCCH for SPS group-common PDSCH activation/deactivation.
In general, if SPS is supported, then more than one SPS configuration should be supported. It is possible to have multiple MBS in the network and a SPS can be assigned to each configuration.
Proposal 6: support more than one SPS group-common PDSCH configuration.
If re-transmissions are necessary, the SPS process should transform to PTM scheme 1 / PTM scheme 2 / PTP. The issue is how will be UEs be aware of re-transmissions and the resources.
Observation 3: how a SPS process could be used for re-transmission needs further discussion.
Control Channel / Search Space
Many high-level agreements regarding aspects of the control channel and search spaces were made in RAN1#103.
	Agreements: For PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH.
· FFS: number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH
Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, the CCE indexes are common for different UEs in the same MBS group.
Agreements: Down select from the two options for BDs/CCEs limit for Rel-17 MBS
· Option 1: the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.
Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options.
· Option 1: Define a new search space type specific for multicast 
· Option 2: Reuse the existing CSS type(s) in Rel-15/16
· FFS: whether modifications are needed for multicast 
· Option 3: Reuse the existing USS in Rel-15/16 with necessary modifications for MBS
· FFS: detailed modifications 
Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options for the monitoring priority of search space set
· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS
· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS
· Other options are not precluded 
· The monitoring priority is used at least for PDCCH overbooking case
· FFS for other cases (e.g., to prune PDCCH in terms of whether it’s unicast or multicast, etc.)



In RAN1#103, many companies wanted to wait to agree on other aspects before resolving the FFS and down-selecting. We agree that the FFS and options for down-selection are early in this phase of the normative work, 
DCI
For RRC_CONNECTED UEs, a group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH requires certain fields for the DCI.
· Group-common MBS frequency resource allocation
· HARQ-ACK operation for the group-common PDSCH
· PUCCH resource indicator and configurations, etc. This new set of DCI fields is specific to enabling MBS and efficient group-scheduling. 
· HARQ process ID along with NDI / RV
Proposal 7: FFS if a new DCI format is needed or if an existing DCI format(s) can be modified.
These DCI fields will have following considerations.
FDRA
	Agreements: For PTM transmission scheme 1, if Option 2A or Option 2B for common frequency resource for group-common PDCCH/PDSCH is agreed, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource.



Note with the agreement about the FDRA field provides a basis to determine the size of the field within a DCI. Some observations about the size.
· For downlink resource allocation type 0, if NRB denotes the size in PRBs of common frequency resource and P is the size of the RBG, then the number of bits (NRBG) to represent an allocation depends on the addressing for the common frequency resource. For example, the number of bits NRBG can be with:
· Common resource block addressing for common frequency resource where Nstart is the absolute address:

· Relative addressing within the common frequency resource:

· For downlink resource allocation type 1, if the NRB denotes the size in PRBs of common frequency resource, then the number of bits to represent an allocation is . 
Proposal 8: A decision on the supported resource allocation type(s) for MBS is needed.
MCS table / Coding rate
With multicast, it is anticipated that the higher level MCS levels (particularly high rate 64-QAM) may not be used. It may be possible to use the lower spectral efficiency MCS table for certain services. This can be set by RRC signaling or possibly change according to the user distribution.
Proposal 9: The support of lower spectral efficiency MCS table should be allowed for MBS.
Also related to the MCS table is considering supporting full buffer rate matching (FBRM) on the downlink, similar to how sidelink supports FBRM. As shown during sidelink development, coupled with the lower MCS table, it can allow successful decoding of the PDSCH at lower SINRs. 
Proposal 10: The support of FBRM should be allowed for MBS.
[bookmark: _Ref61254188]HARQ process
The issue of transitioning from PTM to PTP relates to HARQ processes.
· What is relationship between the HARQ process IDs for MBS and unicast
· Are they independent or is there a mapping between the two IDs (such as an offset)?
· How many HARQ processes can a UE support
· What is the relationship between the DCIs?
· For example, is a group common DCI used followed by DCI format 1_1 for a retransmission?
Based on the discussion for SPS, the number of HARQ processes for MBS should be at least the number of SPS processes supported for MBS.
Proposal 11: the number of HARQ processes for MBS should be at least the number of SPS processes supported for MBS.
HARQ-ACK timing relationship
The PDSCH-to-HARQ_feedback timing indicator field defines the time gap between PDSCH transmission and the reception of the PUCCH that carries ACK/NACK for the PDSCH. The PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8} slots. For a DCI format, other than DCI format 1_0, say for DCI format 1_1 the PDSCH-to-HARQ_feedback timing indicator field values map to values for a set of number of slots provided by dl-DataToUL-ACK.
Observation 4: The DCI field PDSCH-to-HARQ_feedback timing indicator can reuse the DCI format 1_0 or DCI format 1_1 method of indicating when the UE should transmit HARQ-ACK bits.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed presented our views on group scheduling for MBS.
Proposal 1: Select Option 2B for the common frequency resource for group-common PDCCH/ PDSCH.
Proposal 2: The starting location for the common frequency resource is referenced to Point A and its size is in PRBs.
Proposal 3: A UE supports unicast reception in the common frequency resource.
Observation 1: further clarification on the meaning of “more than one common frequency resources” is needed.
Proposal 4: Support both PTM transmission scheme 2 and PTP transmission for retransmission(s).
Proposal 5: Determine the number of HARQ processes when configured to receive MBS.
Observation 2: Support both group-common PDCCH and UE-specific PDCCH for SPS group-common PDSCH activation/deactivation.
Proposal 6: support more than one SPS group-common PDSCH configuration.
Observation 3: how a SPS process could be used for re-transmission needs further discussion.
Proposal 7: FFS if a new DCI format is needed or if an existing DCI format(s) can be modified.
Proposal 8: A decision on the supported resource allocation type(s) for MBS is needed.
Proposal 9: The support of lower spectral efficiency MCS table should be allowed for MBS.
Proposal 10: The support of FBRM should be allowed for MBS.
Proposal 11: the number of HARQ processes for MBS should be at least the number of SPS processes supported for MBS.
Observation 4: The DCI field PDSCH-to-HARQ_feedback timing indicator can reuse the DCI format 1_0 or DCI format 1_1 method of indicating when the UE should transmit HARQ-ACK bits.
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