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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 a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service for RRC_CONNECTED UEs.
In RAN1#104bis-e meeting, some main issues about group scheduling mechanism for MBS transmission were further discussed, and some agreements and working assumption were made [2]. In this contribution, we focus on details of mechanism to allow UEs in RRC_CONNECTED to receive Broadcast/Multicast service. 
Common frequency resource
During the discussion in RAN1#104bis-e meeting [2], the following proposal on option 2A was discussed. Unfortunately, no conclusion has been reached. But we think it should be the starting point for the discussion at this meeting. Based on this, our views and suggestions on CFR are further provided below.
	[High] Updated Proposal 1-2: 
If Option 2A of CFR is supported for multicast of RRC-CONNECTED UE, UE shall support one active dedicated unicast BWP and one active MBS specific BWP simultaneously. 
· (Same as in the agreement in RAN1#104) The MBS specific BWP is confined within the frequency resource of the dedicated unicast BWP. The MBS specific BWP is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· The MBS specific BWP cannot be activated if its associated dedicated unicast BWP is inactive. The MBS specific BWP can be activated/deactivated when its associated dedicated unicast BWP is active.
· [bookmark: _Hlk69471254]no BWP switching between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP 
· FFS whether the MBS specific BWP can have its own bwp-Id which is different from the bwp-Id(s) of dedicated unicast BWP(s).
· FFS whether the MBS specific BWP is counted in the maximum 4 BWPs that can be configured per serving cell or not




Commonality among multicast and broadcast reception in different RRC states 
As also agreed in RAN2#113-e meeting [3] and copied below, both RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs can receive MBS services transmitted by NR MBS delivery mode 2 (Broadcast service as already agreed, TBD other). And a same mechanism as LTE SC-PTM will be reused for broadcast service reception by both RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs. 
	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. 
...
Assume that MBS Interest Indication is supported for UEs in connected mode for Broadcast service (assume that as usual there is no mandatory network requirement, network action is up to network).



From our point of view, it is also important for UEs in different RRC states to have a unified understanding of CFR for broadcast reception. For example, a UE camps on a cell and starts to receive broadcast service in RRC_IDLE state in a CFR. When a unicast service arrives, the UE enters RRC_CONNECTED state and the MBS Interest Indication can be reported to the network, then, it is efficient to be configured with a dedicated unicast BWP containing the CFR for the broadcast. The broadcast reception will not be affected by the above RRC states changes, and the unicast service and the broadcast service can be received simultaneously. That is to say, CFR configured for broadcast service for a UE in RRC_IDLE/RRC_INACTIVE states should be still valid after the UE enters RRC_CONNECTED state. 
[bookmark: _Hlk68872299]Proposal 1: CFR configured for broadcast service for a UE in RRC_IDLE/RRC_INACTIVE states should be still valid after the UE enters RRC_CONNECTED state.

About CFR in RRC_IDLE/INACTIVE states, it has agreed in RAN1#103-e meeting [4] that the initial DL BWP can be served as the default common frequency resource for group-common PDCCH/PDSCH, if a specific common frequency resource is not configured for RRC_IDLE/INACTIVE UEs. But it would be too restrictive to only use the initial DL BWP defined by the frequency resource of CORESET#0 for broadcast transmission. As we know, all the common signals/channels have to be squeezed into this initial DL BWP, which makes it difficult to accommodate common PDCCH/PDSCH for broadcast service. Thus, it is critical to configure a common frequency resource that is larger/other than CORESET#0 for broadcast service. Then, it is natural to define the CFR larger/other than initial BWP as an MBS BWP, which complies with the NR working tradition from Rel-15. 
Then, the BWP configurations (initial DL BWP or configured MBS BWP) for MBS transmission in RRC_IDLE/INACTIVE should be inherited after the UE enters RRC_CONNECTED states as shown in Figure-1. Then, a unified understanding on frequency range and parameters for MBS transmission can be kept for UEs in different RRC states by defining the common frequency resource as an MBS BWP.
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Figure-1: MBS BWP in different RRC states
Furthermore, for a UE that further subscribes to multicast service, it enables the reception of multicast and broadcast to share the same MBS BWP by adopting a unified design to provide configuration for broadcast and multicast, which also means less complexity in standardization and implementation of UE. 
Proposal 2: NR should support the reception of multicast and broadcast sharing the same MBS BWP. 

Standardization efforts
The concept of BWP has been introduced since NR R15. It is not only used to describe a frequency range, but also for providing BWP-specific parameter configuration for the traffic reception within the frequency range. So option 2A can straightforwardly support to configure parameters different from unicast parameters for multicast transmission. For example, using PDCCH-config, PDSCH-config and SPS-config under MBS BWP for MBS transmission parameters configuration, which is independent of unicast transmission. 
While for option 2B, a new signaling framework for MBS transmission parameters configuration should be defined. We have to discuss the set of functions and configuration parameters essential for MBS transmission, and further define the signaling structure in RAN2. Additional standardization efforts for both RAN1 and RAN2 are inevitable. 

Forward compatibility
[bookmark: OLE_LINK3]Another flexibility for reusing BWP framework is that some basic parameters, e.g., numerology (SCS and CP), can be configured differently comparing with that of dedicated unicast BWP in later releases. As preliminary simulation results shown in [5], the MBS transmission using SFN mode from multiple TRPs has obvious performance gains compared with no SFN mode. Therefore, SFN mode for MBS transmission may serve as a typical mode for network deployment and is potentially standardized in future releases. For that, a different numerology, e.g., a larger CP or a smaller SCS, will be involved for MBS transmission for fighting against more abundant multi-paths. Then, forward compatibility should also be considered during the determination of configuration signaling structure for the CFR. And one subcarrierSpacing and one cyclicPrefix separate from that of the dedicated unicast BWP should be included in the CFR configuration. However, for option 2B, the numerology of unicast and MBS within a same dedicated unicast BWP shall be the same as it is configured under the same BWP. 
Proposal 3: Forward compatibility should also be considered during the determination of configuration signaling structure for the CFR. And one subcarrierSpacing and one cyclicPrefix separate from that of the dedicated unicast BWP should be included in the CFR configuration.

About BWP switching under option 2A
For receiving unicast and MBS simultaneously, the MBS BWP and unicast BWP can be activated at the same time, which is similar as simultaneous reception in CORESET0 and dedicated unicast BWP if including CORESET0. Following the same restriction of CORESET0 and dedicated unicast BWP, i.e., same numerology and CORESET0 is included within the dedicated unicast BWP, we believe that simultaneous reception is possible, and no BWP switch is needed. More specifically, there is no change of center frequency, RF bandwidth, FFT size and sampling frequency, etc. for receiving MBS in MBS BWP and unicast in unicast BWP. 
Observation 1: No BWP switching is required between reception of MBS BWP and unicast BWP by defining the following features for MBS BWP, 
· The MBS BWP is confined within the frequency resource of the dedicated unicast BWP. 
· The MBS BWP is associated with the dedicated unicast BWP and using the same numerology (SCS and CP). 
· No RF retuning between reception of MBS BWP and unicast BWP. 

Independent BWP ID for MBS BWP
For flexibility, the combinations of BWPs that can be activated at the same time can be configured through RRC signaling. And each BWP within the combination can be activated together or independently. Naturally, the MBS BWP can be activated or deactivated dynamically according to the MBS traffic status in the network or changes of UE's interest in multicast service reception. For that, a BWP ID should be configured for the MBS BWP. 
On the other hand, the unicast BWP can also be deactivated if there is no unicast traffic for a certain period. For example, a UE enters RRC_CONNECTED state only for receiving multicast services with a higher QoS. Then, the MBS BWP is activated independently.
Proposal 4: A BWP ID is configured for the MBS BWP for activating/deactivating it dynamically and independently. 
Detailed design of group-common PDCCH
DCI format
As agreed in RAN1#104bis-e meeting, at least two DCI formats are supported for group-common PDCCH of Rel-17 MBS. One is based on DCI format 1_0, and the remaining issue is detail fields design. Another one is based on DCI format 1_1 or 1_2, and down selection is required. 
	Agreement:
For group-common PDCCH of Rel-17 MBS, support at least two DCI formats.
· DCI format 1_0 is used as the baseline for the first DCI format with CRC scrambled with G-RNTI.
· DCI format 1_1 or 1_2 is used as the baseline for the second DCI format with CRC scrambled with G-RNTI
· FFS: Which of DCI format 1_1 or 1_2 is used as the baseline
· FFS: Details of the reuse (or not) of DCI format 1_0, 1_1 or 1_2 fields 




Re-interpretation part fields of DCI format 1_0
For using DCI format 1_0 for MBS scheduling, at least the following fields are useless, 
· Identifier for DCI formats – 1 bits
-	The value of this bit field is always set to 1, indicating a DL DCI format
· TPC command for scheduled PUCCH – 2 bits as defined in Clause 7.2.1 of [5, TS 38.213]
Meanwhile, some additional information may be needed to be indicated in the DCI for MBS scheduling. For example, 
· Enable/disable HARQ-ACK feedback
· Feedback mode (ACK/NACK or NACK-only)
· Number of PDSCH repetition
Therefore, the saved bits can be re-interpreted to indicate the possible information above. The details can be further studied based on the progress of related topics, e.g., HARQ-ACK feedback, PDSCH repetition, etc.
Down selection between DCI format 1_1 and DCI format 1_2
Compared with DCI format 1_1, DCI format 1_2 is more flexible in terms of DCI size. The missing functions are dual TB scheduling and CBG transmission and feedback, which are not attractive to the MBS service. So DCI format 1_2 is more suitable to serve as a baseline for designing a non-fallback DCI of MBS scheduling.
Proposal 5: For MBS group-common PDCCH, 
· The fields of ‘Identifier for DCI formats’ and ‘TPC command for scheduled PUCCH’ are useless for MBS scheduling and can be re-interpreted to indicate HARQ-ACK feedback and PDSCH repetition related functions. 
· Using DCI format 1_2 as a baseline for designing a non-fallback DCI of MBS scheduling. 
Search space set type and monitoring priority for group-common PDCCH
During RAN1#104bis-e meeting, the following agreement on search space set type and monitoring priority for group-common PDCCH was achieved.
	Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, down-select from the following alternatives (to be decided in RAN1#105):
· Alt 1: support Type-3 CSS
· The monitoring priority of Type-3 CSS for group-common PDCCH is the same as existing Rel-15/16 CSS, regardless of which DCI format of group-common PDCCH is configured in Type-3 CSS
· Alt 2: support a new Type-x CSS
· The monitoring priority of new Type-x CSS is determined based on the search space set indexes of the new Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the new Type-x CSS.
· Alt 3: support both Alt 1 and Alt 2
· 


Regarding the monitoring priority of MBS search space set, some companies think that the monitoring priority can be same as existing Rel-15/16 CCS, i.e., Alt 1. While other companies think that it is unreasonable that the monitoring priority for MBS is always higher than that for unicast, and propose that the monitoring priority of MBS search space set can be configurable based on the SS index, i.e., network can configure a lower or higher SS index than USS index for MBS search space to change its monitoring priority compared to USS, i.e., Alt 2. 
From our point of view, it is also unreasonable that the monitoring priority for MBS always has lower priority than CSS. Currently, the unicast service can be scheduling either in USS or CSS, and the same flexible should also be provided for MBS service scheduled by a group-common PDCCH. So we think Alt 3 is supportable with the following details. 
If Type-3 CSS is used for GC PDCCH, it is important to fully follow the existing rules, including e.g., mapping rule, DCI format restriction, i.e., only DCI format 1_0 can be configured in it. Otherwise, it will be anyway a new Type CSS. 
Then, for non-fallback DCI, it can be configured within the new Type-x CSS, and the mapping rule can follow that of USS. 
Proposal 6: About search space set and corresponding priority for GC PDCCH, Alt 3 should be supported with the following details, 
· Alt 3: support both Type-3 CSS and a new Type-x CSS
· If Type-3 CSS is used for group-common PDCCH, the monitoring priority is the same as existing Rel-15/16 CSS, only DCI format 1_0 of group-common PDCCH is configured in Type-3 CSS
· If a new Type-x CSS is used for group-common PDCCH, the monitoring priority is determined based on the existing Rel-15/16 rule, i.e., based on the SS set index, only non-fallback DCI format of group-common PDCCH is configured in the new Type-x CSS 
CORESET for group-common PDCCH
About CORESET for CFR, the following agreement was made. And four options for CORESET sharing between multicast transmission and unicast transmission are on the table for further study. 
	Agreement:
If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, further study the following options.
· Option 1: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· Option 2: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 3: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.


According to the frequency relationship among unicast BWP, CFR and CORESET shown in Figure-2, there are two features about CORESET sharing in total. The difference between the four options is whether to support these two features as listed in Table-1.
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Figure-2 Frequency relationship among unicast BWP, CFR and CORESET
· Feature 1: A CORESET that is configured under the unicast BWP and contained within the CFR can be used for multicast transmission
· Feature 2: A CORESET configured under the CFR can be used for unicast transmission.
Table-1 Features of different options
	option
	Feature 1
	Feature 2

	1
	√
	√

	2
	×
	×

	3
	√
	×

	4
	×
	√



Firstly, it is necessary to share CORESET between unicast transmission and multicast transmission. Otherwise, the restriction on CORESET is greater, unless the upper limit of CORESET configuration per BWP is added.
Secondly, it is unnecessary to support both of the above two features, as either of them is a way for implementing CORESET sharing under case as shown in Figure-2. 
More specifically, if feature 2 is supported, all the CORESET used for multicast can be configured under the CFR. Based on feature 2, these CORESET can be used for unicast , that is, they will not bring restriction to the unicast scheduling. In this way, it is unnecessary to configure the CORESET used for both of multicast and unicast transmission repeatedly under the unicast BWP. 
Basing on the above discussion, we have the following proposal. 
Proposal 7: About CORESET sharing between multicast transmission and unicast transmission, option 4 should be supported, 
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
BDs/CCEs
Regarding BDs/CCEs limit for Rel-17 MBS, two options are raised during RAN1#103-e meeting for down selection. 
	Agreement:
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.
· FFS whether the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.


From our point of view, as an existing feature for CA UE, the similar mechanism supported for multi-DCI based multi-TRP in Rel-16 can be reused for Rel-17 MBS. 
And it is also helpful to apply this feature to group-common PDCCH monitoring. As discussed in previous section, a new type of CSS can be used for the group-common PDCCH. Then, according to the rule of PDCCH mapping priority proposed in section 3.2, people may concern about the potential impact on unicast PDCCH transmission, i.e., a higher probability to be dropped. The above problems will be greatly alleviated by reusing the budget of BDs/CCEs of an unused CC for group-common PDCCH. 
According to the discussion in RAN1#104bis-e meeting, it seems that companies still have different understanding on how to use the budget of BDs/CCEs of the unused CC. At least there are the following two interpretations.
Interpretation#1: If UE is configured with 5 physical CCs and UE is configured to receive MBS on Pcell, if UE reports its CA capability as 4, if one carrier is deactivated, then the BD budget for Pcell would be 44*X*(4/5) (let’s say SCS=15). 
Interpretation#2: If UE is configured with 5 physical CCs and UE is configured to receive MBS on Pcell, if UE reports its CA capability as 4, for all cases even if all the CCs are activated, when calculating the BD budget for Pcell, we count Pcell as X carriers. In this case, the BD for Pcell would be 44*X*(4/6) (let’s say SCS=15). 
Noted that the value of X is related to UE capability and can be reported by the UE. 
Our understanding is Interpretation#2, which is used in Rel-16 MTRP. So we have the following proposal. 
[bookmark: OLE_LINK9]Proposal 8: For MBS group-common PDCCH, the budget of BDs/CCEs of an CC for group-common PDCCH can be counted as X CCs for UEs supporting CA capability in Rel-17 MBS. The value of X is related to UE capability and can be reported by the UE. 
DCI size alignment
As agreed in RAN1#103-e meeting, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource. 
	Working Assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: Whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.


Correspondingly, the size of FDRA field in group-common PDCCH is determined according to the common frequency resource. Then, UEs in one group for group-common PDCCH reception can have a unified understanding on size of DCI for MBS scheduling. Furthermore, if a same DCI format is used for both unicast and MBS scheduling, it should be further studied for the rule of DCI size alignment when the size budget is exceeded. 
DCI format 1_0
For DCI format 1_0, the DCI size will be determined according to CORESET0 if CORESET0 is configured; otherwise, the DCI size will be determined according to initial DL BWP. 
[bookmark: OLE_LINK4]As UEs in one group for MBS reception belongs to a same serving cell, they will have a common understanding on CORESET0 and initial DL BWP. So the G-RNTI can be counted as “C-RNTI”, and the UEs will determine a same size for DCI format 1_0 reception. Thus, the same mechanism can be reused for determination the size of DCI for group scheduling. 
DCI format 1_x
For DCI format 1_x, it better to be counted as “other RNTI”. Then, it is mainly an implementation issue of gNB for keeping number of different DCI sizes within the size budget. Few standardization impacts can be expected.
Proposal 9: Regarding DCI size alignment used for group-common PDCCH, 
· DCI format 1_0: it is counted as “C-RNTI”, and current mechanism can be reused for determining the size of DCI format 1_0 for group-common PDCCH and unicast PDCCH. 
· DCI format 1_x: it is counted as “other RNTI”, and gNB will ensure that the number of DCI sizes does not exceed budget.
Beam sweeping
Compared with LTE SC-PTM, one of the most significant features of NR MBS is beam sweeping. As the carrier frequency of NR can be much higher than LTE, NR has to introduce the beam sweeping for NR MBS to guarantee the same level of coverage as LTE. Then, the association relationship between PDCCH MOs and SSBs/CSI-RSs can be defined through RRC signaling. During discussion of beam sweeping transmission for RRC_IDLE/RRC_INACTIVE UEs, the following agreement was reached in RAN1#104-e meeting. 
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, the UE may assume that group-common PDCCH/PDSCH is QCL’d with SSB.
· It is up to UE implementation whether UE monitors monitoring occasions corresponding to all SSB indexes or monitoring occasions corresponding to a subset of all SSB indexes. 
· FFS: association rules between SSB indexes and UE monitoring occasions.
· FFS: group-common PDCCH/PDSCH is QCl’d with TRS if configured


And there may be two options for transmission of group-common PDCCH and corresponding PDSCH: 
· Option1: gNB is aware of the beam information of each UE, and a partial beam sweep is enough. 
· Option2: gNB is not aware of the beam information of each UE, full beam sweep is required, similar as OSI.
For broadcast, it is fine to perform full beam sweep (i.e., option 2) as UEs in all beam directions are potential users of broadcast transmission.
However, for multicast, the network is aware of which UEs are in the group, network can transmit the multicast PDCCH/PDSCH in the expected beam direction (partial beam sweeping), instead of in all the beam directions. Thus, in order to reduce the resource overhead and power consumption, network can use Option 1. One issue to be considered is to manage beam information for MBS transmission to a UE dynamically as shown in Figure-3. 
[image: ]
Figure-3: Beam management for MBS transmission
Proposal 10: Association between MOs of group-common PDCCH and SSBs or CSI-RSs should be defined for beam sweeping transmission of NR MBS.
· Considering full beam sweep for broadcast transmission.
· Considering partial beam sweep for multicast transmission.
Detailed design of group-common PDSCH
HARQ process management
During RAN1#104-e and RAN1#104bis-e meetings, the following agreements on association between initial transmission or re-transmission for multicast based on PTM transmission scheme 1 and PTP re-transmission were achieved. 
	Agreement: in RAN1#104-e
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.
Agreement: in RAN1#104bis-e
[bookmark: OLE_LINK8]The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.


According to the details of using the HPN and NDI for the same TB indicating, it is also related to how to manage HPN between unicast and multicast. 
There are three options as follows, 
· Option 1: HPNs are shared between multicast and unicast transmission, and a shared HARQ entity is used by them;
· Option 2: as shown in Figure-4, HPNs are separated between multicast and unicast, and separated HARQ entities are used for multicast and unicast, respectively;
· Option 3: as shown in Figure-5, HPNs are separated for unicast and each multicast service, and a multicast service specific HPN entities will be required.
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Figure-4: Separated HARQ processes between multicast and unicast
[image: ]
Figure-5: Per multicast service HARQ process
For option 1, the manner of HPNs split between unicast and multicast should be considered. 
Semi-static split is a simplest way. However, this manner is not flexible and the HPNs may not be fully used. If the HPN split is UE-specific, some HPNs for multicast can not be used because they should be used for unicast from the perspective of some UEs. Therefore, it means the HPN split should be at least UE-group specific or even cell specific. In this case, the number of HPNs for multicast is the bottleneck of the parallel transmission from the perspective of the network. For example, gNB allocates 8 HPNs for unicast and multicast respectively. For UEs with unbalanced unicast and multicast service loads, the above HPNs allocation is unreasonable. For a UE with high unicast service loads and it is not interested in so much multicast, the HPNs allocated to unicast service isn’t enough while the HPNs allocated to multicast will not be fully used. On the contrary, for UEs with low unicast service loads but it is interested in more multicast services, then the HPNs allocated to unicast cannot be fully used. 
For dynamic splitting through scheduling DCI, the HPNs can be used for multicast will be impacted by HPNs used for unicast by all UEs in one group, which will also cause the similar restriction. For example, a HPN can be used for multicast only if it is not used for unicast or multicast by any UEs in one group. It may bring a big restriction to the network scheduling. Another question is how to set the NDI for the new transmission for the multicast because the previous NDI may be different for different UEs if the HPN is used for unicast previously. In addition, if a UE misses the DCI scheduling a MBS PDSCH with a HPN used for the unicast previously but receives the corresponding retransmission scheduled by a DCI in PTP manner, the UE will determine the multicast retransmission is the unicast. Then if the UE further determines it is a retransmission for unicast according to the NDI (e.g., NDI is not toggled), it may discard the received PDSCH. Anyway, it is up to UE implementation according to TS38.321 since the TB size for the two transmissions may be different.
[bookmark: OLE_LINK11]Option 2 can relieve the above problems by decoupling unicast and multicast. From a UE’s perspective, the HPN process used for a service will be marked as HPN and distinguishing indication for unicast and multicast. And whether a HPN can be used for multicast does not need to consider the ongoing HPNs for unicast of UEs in a group. As an example shown in Table-2, as long as the gNB guarantees that the total number of HARQ processes of each UE is no more than 16, a same HPN can be used for unicast and multicast service simultaneously, e.g., HPN #0, 2 for UE1. 
Table-2: Example of ongoing HPNs for different UEs under option 2
	
	Ongoing HPNs for unicast
	Ongoing HPNs for multicast

	UE1
	HPN #0~#9
	HPN #0, 1

	UE2
	HPN #0~#9
	HPN #0, 1, 2, 3

	UE3
	HPN #0~#9
	HPN #2, 3


However, the same problem still exists among different multicast services. For example, a HPN can be used for a multicast service only if it is not used for any other multicast service, e.g., UE1 and UE2 are in one group for multicast service reception with HPN #0 and #1, meanwhile, UE2 and UE3 are classified into another group for multicast services reception with HPN #2 and #3. Then, if gNB want to classify UE1 and UE3 into a group for other multicast service reception, the HPN for the multicast service cannot be either one of HPN #0~#3. 
The above problem seems to be solved by option 3 completely. The same HPN can be used for different multicast services (marked by different G-RNTIs) simultaneously. There is no bottleneck for the parallel transmissions caused by the number of HPN any more. And from the UE side, the HARQ process is associated with HPN and service index (e.g., RNTI). Similar as option 2, the gNB should guarantee the total number of HARQ process for a UE does not exceed 16.
From this perspective, we slightly prefer option 3. 
Proposal 11: Regarding HARQ process management for NR multicast, HPNs are separated for unicast and each multicast service, and a multicast service specific HPN entity is required for each multicast service.
Details of re-transmission TB indicating
As agreed in RAN1#104-e and RAN1#104bis-e meetings, PTP transmission is supported for multicast retransmission, and the same HPN and NDI indicated in DCI are used to associate the PTM scheme 1 and PTP transmitting the same TB. 
[bookmark: OLE_LINK5]According to the analysis in section 4.1, a same HPN can be used for unicast and different multicast services simultaneously. Then, HARQ process used in UE side will be associated with HPN and a distinguishing indication among unicast and different multicast services. So a distinguishing indication should be introduced into DCI of PTP transmission, and it should be used for associating the PTM scheme 1 and PTP transmitting the same TB. 
Proposal 12: A distinguishing indication among unicast and different multicast services should be introduced into DCI of PTP transmission for associating the PTM scheme 1 and PTP transmitting the same TB. 
Detailed design of SPS-based MBS transmission
During RAN1#104bis-e meeting, the following agreements on SPS group-common PDSCH transmission were achieved. 
	Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group
Agreement:
Define G-CS-RNTI at least for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, different from CS-RNTI for unicast SPS PDSCH.
· G-CS-RNTI is used for PTM scheme 1 based dynamic retransmission of SPS group-common PDSCH 
· FFS: Whether CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH.
· FFS: Number of G-CS-RNTI.
Agreement:
Confirm the working assumption: 
For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· [bookmark: OLE_LINK14]FFS: Whether UE-specific PDCCH is supported for activation/deactivation



UE-specific activation PDCCH
There may be two potential methods for SPS group-common PDSCH activation or deactivation, i.e. group-common PDCCH and UE-specific PDCCH. The activation and deactivation via group-common PDCCH has already been supported. The following analyzes the necessity of further supporting the activation and deactivation using UE-specific PDCCH.
Undoubtedly, activation or deactivation of a SPS transmission by a group-common PDCCH is applicable to indicate or change the scheduling parameters or stop the transmission for a group of UEs. 
The question is that if a new UE joins in the MBS service group after the activation, whether a group-common activation PDCCH can also be used for the new joined UE. Some companies concerned that the group-common activation PDCCH without any parameter update will disturb irrelevant UEs. In practice, however, the terminal anyway needs to monitor the group-common activation PDCCH according to the configuration of search space set and CORESET. This does not cause extra blind detection overhead for these UEs. So it does not seem to be a problem for using GC PDCCH to reactivate the SPS transmission for the new joined UE.
For deactivation PDCCH, if a UE does not want to receive the SPS transmission for a MBS service, the UE will unsubscribe this MBS service. This is a question about whether a de-activation PDCCH is still required to be transmitted after the UE has already stopped to receive this SPS transmission.
Therefore, it is unnecessary to further support UE specific PDCCH as activation/de-activation PDCCH under the prerequisite that group-common PDCCH has already be supported for activating/de-activating an SPS transmission. 
Proposal 13: UE-specific PDCCH should not be supported for activation/deactivation of an SPS group-common PDSCH. 
Retransmission scheme for an SPS group-common PDSCH
Either PTM scheme 1 or PTP can be used for retransmission of SPS group-common PDSCH. With regards to whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group, we think this is beneficial in some cases. For example, for a UE with poor channel condition in a group, PTP can be used for retransmission. The transmission parameters will be determined in accordance with the channel condition of this UE to improve reception reliability. For the UEs with similar channel conditions in the same group can form a ‘retransmission group’, PTM scheme 1 can still be used for retransmission. Because the UE with poor channel condition is removed from the retransmission group, the PTM retransmission parameters can also be changed compared with the initial SPS transmission parameters. In this way, the reception reliability of this retransmission group of UEs are improved. 
[bookmark: OLE_LINK13]Another remaining issue is which RNTI should be used for PTP retransmission of SPS group-common PDSCH. Similar as the case of a dynamic scheduling group-common PDSCH, current unicast scheme, i.e., C-RNTI should be used for PTP retransmission. For unicast SPS transmission, CS-RNTI is used for the retransmission. And it is reasonable to reused CS-RNTI for PTP retransmission of SPS group-common PDSCH. 
Proposal 14: For retransmission scheme for an SPS group-common PDSCH, 
· PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group
· CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH
Enhancement of Broadcast for RRC_CONNECTED UEs
In RAN1#103-e meeting, it is agreed that 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 for broadcast reception. In this sub-clause, we present our discussion of potential enhancement of broadcast mechanism for UEs under RRC_CONNECTED state. 
	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.


[bookmark: OLE_LINK7]For UEs under RRC_IDLE/RRC_INACTIVE states, it is hard or impossible to guarantee the QoS of broadcast service. However, for UEs under RRC_CONNECTED state, it is possible to have some means to further guarantee the QoS of broadcast service. For example, HARQ-ACK feedback may be theoretically beneficial for RRC_CONNECTED UEs since unicast based retransmission can be used to improve reliability. However, it may need further discussion on whether to support better broadcast QoS for RRC_CONNECTED UEs than RRC_IDLE/RRC_INACTIVE UEs.
[bookmark: OLE_LINK6]Proposal 15: RAN1 further studies whether to support HARQ-ACK feedback for broadcast service for UEs under RRC_CONNECTED state.
Conclusion
In this contribution, the discussion and analysis on mechanisms for group scheduling for RRC_CONNECTED UEs are presented with the following observations and proposals.
Common frequency resource
Proposal 1: CFR configured for broadcast service for a UE in RRC_IDLE/RRC_INACTIVE states should be still valid after the UE enters RRC_CONNECTED state.
Proposal 2: NR should support the reception of multicast and broadcast sharing the same MBS BWP. 
Proposal 3: Forward compatibility should also be considered during the determination of configuration signaling structure for the CFR. And one subcarrierSpacing and one cyclicPrefix separate from that of the dedicated unicast BWP should be included in the CFR configuration.
Proposal 4: A BWP ID is configured for the MBS BWP for activating/deactivating it dynamically and independently. 

Observation 1: No BWP switching is required between reception of MBS BWP and unicast BWP by defining the following features for MBS BWP, 
· The MBS BWP is confined within the frequency resource of the dedicated unicast BWP. 
· The MBS BWP is associated with the dedicated unicast BWP and using the same numerology (SCS and CP). 
· No RF retuning between reception of MBS BWP and unicast BWP. 

Detailed design of group-common PDCCH
Proposal 5: For MBS group-common PDCCH, 
· The fields of ‘Identifier for DCI formats’ and ‘TPC command for scheduled PUCCH’ are useless for MBS scheduling and can be re-interpreted to indicate HARQ-ACK feedback and PDSCH repetition related functions. 
· Using DCI format 1_2 as a baseline for designing a non-fallback DCI of MBS scheduling. 
Proposal 6: About search space set and corresponding priority for GC PDCCH, Alt 3 should be supported with the following details, 
· Alt 3: support both Type-3 CSS and a new Type-x CSS
· If Type-3 CSS is used for group-common PDCCH, the monitoring priority is the same as existing Rel-15/16 CSS, only DCI format 1_0 of group-common PDCCH is configured in Type-3 CSS
· If a new Type-x CSS is used for group-common PDCCH, the monitoring priority is determined based on the existing Rel-15/16 rule, i.e., based on the SS set index, only non-fallback DCI format of group-common PDCCH is configured in the new Type-x CSS 
Proposal 7: About CORESET sharing between multicast transmission and unicast transmission, option 4 should be supported, 
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
Proposal 8: For MBS group-common PDCCH, the budget of BDs/CCEs of an CC for group-common PDCCH can be counted as X CCs for UEs supporting CA capability in Rel-17 MBS. The value of X is related to UE capability and can be reported by the UE. 
Proposal 9: Regarding DCI size alignment used for group-common PDCCH, 
· DCI format 1_0: it is counted as “C-RNTI”, and current mechanism can be reused for determining the size of DCI format 1_0 for group-common PDCCH and unicast PDCCH. 
· DCI format 1_x: it is counted as “other RNTI”, and gNB will ensure that the number of DCI sizes does not exceed budget.

Detailed design of group-common PDSCH
Proposal 11: Regarding HARQ process management for NR multicast, HPNs are separated for unicast and each multicast service, and a multicast service specific HPN entity is required for each multicast service.
Proposal 12: A distinguishing indication among unicast and different multicast services should be introduced into DCI of PTP transmission for associating the PTM scheme 1 and PTP transmitting the same TB. 

Detailed designs of SPS-based MBS transmission
Proposal 13: UE-specific PDCCH should not be supported for activation/deactivation of an SPS group-common PDSCH. 
Proposal 14: For retransmission scheme for an SPS group-common PDSCH, 
· PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group
· CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH

Enhancement of Broadcast for RRC_CONNECTED UEs
Proposal 15: RAN1 further studies whether to support HARQ-ACK feedback for broadcast service for UEs under RRC_CONNECTED state.
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