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1	Introduction
The Rel-18 work item on Enhancements of NR Multicast and Broadcast services has been agreed in [1] with the objectives including: 
· Specify support of multicast reception by UEs in RRC_INACTIVE state [RAN2, RAN3]
· PTM configuration for UEs receiving multicast in RRC_INACTIVE state [RAN2]
· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]
Rel-17 work specified multicast reception for UEs in RRC_CONNECTED state, whereas Rel-18 WID targets especially cells with a large number of UEs. In addition to the varied limitations on the network side for keeping all UEs receiving a multicast session in RRC_CONNECTED state, receiving multicast transmission in RRC_INACTIVE state by the UEs is assumed to be more power efficient [1]. 
In this paper, we provide an analysis of the user plane aspects to operate the feature of multicast reception in RRC_INACTIVE state including CFR aspects, DRX and PDCP service continuity.
2	DRX with Multicast Reception in RRC_INACTIVE State 
Specifically, on DRX for multicast in RRC_INACTIVE, RAN2 made the following agreements in RAN2#123:
RAN2 enables RRC_INACTIVE UE receiving multicast to also receive possible PTM retransmissions initiated by UEs receiving multicast in RRC_CONNECTED.
Allow configuration of drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM for INACTIVE UEs (38.331).
UE receiving MBS multicast in RRC_INACTIVE should start drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM when reception of the transport block has not been successful. FFS the details, e.g. when the timers are started exactly.
This is optional UE capability

Firstly, the configuration method of the agreed retransmission timers is not agreed. Naturally, it would make sense to include them in RRC release with suspendConfig and MCCH messages.
Proposal 1 : dl-DataToUL-ACK-MulticastDCI-Format4-1 or dl-DataToUL-ACK to be configured also for UE in inactive, i.e., it should be provided by MCCH or via RRCRelease message to the UE, which could be per TMGI (MBS service) or a general one for all multicast services.

In the RRC_INACTIVE state, even if the UE is configured with the DRX retransmission timers, it may not be clear when to start the DRX HARQ RTT timer since the UE in RRC_INACTIVE state does not send HARQ feedback, and the HARQ RTT timer is by definition started after sending HARQ feedback. Therefore, a new trigger is needed.
Since the RRC_INACTIVE UE is normally not configured with PUCCH resources, the UE may not understand HARQ feedback related parameters in DCI. Those parameters are K1 (PDSCH-to-HARQ_feedback timing indicator) in the DCI pointing to PUCCH resource's slot where the HARQ feedback is supposed to be sent (if enabled) and PRI (PUCCH resource indicator) which then selects which PUCCH resources (symbol(s) and frequency resources) to use in that slot. The interpretation of K1 and PRI are configured to RRC_CONNECTED mode UE but not to RRC_INACTIVE UE. Therefore, UE in RRC_INACTIVE does not know without enhancements when the HARQ feedback would be transmitted if enabled and therefore does not know when to start the DRX HARQ RTT timer.
Observation 1: Without enhancements, the UE in INACTIVE does not know when the HARQ feedback would be transmitted and therefore does not know when to start the DRX HARQ RTT timer.
Firstly, UE should be interpreting K1 value correctly to determine the slot that the HARQ feedback would be sent. For that reason, similar configuration as for RRC_CONNECTED UEs should be provided to RRC_INACTIVE UEs.
Therefore, we propose:
Proposal 2: The UE in RRC_INACTIVE state can use the existing rules for interpreting K1 (PDSCH-to-HARQ_feedback timing indicator): For DCI format 4_1, the PDSCH-to-HARQ_feedback timing indicator field (K1) values are provided by dl-DataToUL-ACK-MulticastDCI-Format4-1 or, if dl-DataToUL-ACK-MulticastDCI-Format4-1 is not provided, by {1, 2, 3, 4, 5, 6, 7, 8}.
Based on K1 UE already knows the slot where the HARQ feedback would be transmitted, but not the exact symbol. Retransmission timer is only started right after the exact symbol when HARQ feedback is transmitted. For that reason, UE should know when exactly to start the retransmission timer in terms of symbols. There could be several ways:
1- UE can always start in the first symbol of the indicated slot: This would require gNB to configure a slightly larger timer than the one that is configured for RRC_CONNECTED UEs. This may increase the time where UE expects retransmissions and may lead to higher power consumption.
2- UE can always start in the nth symbol of the indicated slot: In our view, this is the most flexible way. If a small timer is configured, last symbol of a slot can be provided as the starting time. If the gNB wants to be more flexible, it can configure a retransmission timer that is larger and the timer can be started in the initial symbol. This also allows adaptation based on scheduling decisions.
3- UE can always start when the UE receives the PDSCH transmission: This could be the safest option, but may lead to highest power consumption among all options. 
Therefore, we propose:
Proposal 3:  UE always starts the timer in the nth symbol of the slot indicated by K1, where n  could be configurable. If the configuration of n is not provided to the UE, then UE could use the hard coded values of the symbols and if the configuration is given, the UE could use the configured value of n.
3	CFR Aspects
Specifically on CFR for multicast in RRC_INACTIVE, RAN2 made the following agreements in RAN2#121bis-e:
Broadcast CFR principle (i.e. case A,C,E) to provide multicast CFR configuration in RRC_INACTIVE.
Case B and case D are not supported for multicast CFR in RRC_INACTIVE;
Multicast CFR in RRC_INACTIVE and broadcast CFR can be configured differently. FFS whether we need to restrict that one CFR is completely contained within the other in this case (we should understand what the issue is otherwise).
Whether multicast CFR in RRC_CONNECTED and in RRC_INACTIVE are different is up to NW implementation. FFS whether this causes some issues which need to be addressed.
The same CFR is used for multicast MCCH and MTCH. It can be revisited if there is any issue found, e.g. for RedCap UEs.
Based on these agreements, similar operation to broadcast CFR was agreed. There is only one CFR for multicast that is used both for MCCH and MTCH. In addition, it has been agreed that the multicast CFR for UEs in RRC_CONNECTED and RRC_INACTIVE can be configured differently depending on gNB implementation. This is logical, as not all the services in the cell are to be received by all the UEs. 
However, in some scenarios, using the same DCI format 4_1/4_2 scheduling the same PDSCH/MTCH data for a specific multicast service can be problematic. Consider the following case:
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Figure 1:   CFR coordination between INACTIVE and RRC Connected UEs
In the scenario shown in Fig. 1, UE-1 is receiving a multicast service 1 in RRC_CONNECTED state. Similarly, UE-2 receives another multicast service 2 in RRC_CONNECTED state. The CFRs configured for such services are slightly overlapping, but mostly separated, e.g., for the gNB to be able to schedule both services in the same slot in a more flexible way. Note that if there are some UEs interested in both services in RRC_CONNECTED, the gNB would configure a CFR that is the union of dark blue and dark green for both groups. Therefore, the assumption herein is that there are no UEs interested in both services in RRC_CONNECTED state. This is a possible assumption, considering the number of different use cases of MBS, e.g., one service could be for public safety and the other could be V2X.
So, for the use case illustrated by Figure 1, UEs-1/2 would compute the frequency domain resource allocation (FDRA) field size of the multicast DCI using their own CFR configurations (size and starting point of CFR). In addition, when a DCI is received, the UE-1/2 would interpret the DCI fields (including the FDRA field) again using their own CFR configuration. The annex provides the text from TS38.212 and TS38.214 on how CFR information is used.
Now, assuming that the same services would be available to the UEs in RRC_INACTIVE state, the gNB needs to configure one CFR for UEs in RRC_INACTIVE state (note that RAN2 agreed to have one CFR for MCCH and MTCH as in Rel-17 broadcast, therefore, all the UEs should have the same CFR configuration to be able to receive at least the common MCCH). However, the RRC_INACTIVE CFR should now include both CFR for service 1 and 2. 
Observation 2: 	In some scenarios, the size of the CFR for UEs in RRC_CONNECTED and RRC_INACTIVE interested to receive the same service cannot be aligned.
Due to misalignment in the CFRs, the UEs in RRC_INACTIVE state will interpret both the DCI (field) size and certain contents of the DCI differently, in particular any field defined relative to the RRC_CONNECTED mode CFR.
Observation 3: 	RRC_CONNECTED and RRC_INACTIVE UEs that are interested in the same multicast service cannot have the same DCI understanding of certain DCI fields, when their CFRs are not the same.
One way to overcome the problem could be providing the UE in RRC_INACTIVE state with the needed RRC_CONNECTED CFR relevant values for DCI field/size computation per multicast service, so that the UE computes those using the provided values, rather than making computations based on the RRC_INACTIVE CFR. The other option could be indicating the CFR to be used for such computations for DCI per multicast service (e.g., full CFR configuration of RRC_CONNECTED UEs; or starting point and size of the RRC_CONNECTED CFR) .
Proposal 4: 	RAN2 works on solutions for FDRA size and interpretation alignment, for the case where the same DCI and PDSCH are to be received by UEs in RRC_INACTIVE and RRC_CONNECTED states for the same multicast service when the CFRs for the UEs in different RRC states are not aligned.

4	Multicast Service Continuity After Cell Reselection in RRC_INACTIVE State
Specifically, on L2 mobility for multicast in RRC_INACTIVE, RAN2 made the following agreements in RAN2#123:
For “non-synchronised“ cell (in terms of PDCP COUNT), upon cell reselection, UE sets the initial PDCP count of the MRB for the multicast reception in RRC_INACTIVE state based on the same mechanism as R17 MBS broadcast.

One cell can indicate "synchronized", if by implementation, it follows a common QoS flow to MRB mapping rule and at the same time PDCP COUNT is set according to the MBS QoS Flow SN.
FFS how the UE is indicated about cells being synchronized (i.e. what information the NW needs to provide to the UE)
Solutions which require COUNT broadcasting via MCCH are not considered

If the PDCP COUNT/SN is synchronized among gNBs, the UE could ideally continue receiving the same multicast session in a newly selected cell in the RRC_INACTIVE state without re-establishing the PDCP entity in the new cell. However, the UE is unaware of which MBS radio bearer (MRB) in the source cell maps to which MRB in the target cell. Therefore, we propose:
Proposal 5: If the synchronization of PDCP COUNT/SNs is applied in the network, the RAN nodes are configured with the information that this is applied in the network (or at least at some part of the network, e.g., neighbours of this RAN node).
Proposal 6: In addition, RAN nodes inform the UE about such configuration. Informing can take place via an indication to the UEs that is broadcast over MCCH channel and/or sent to individual UEs within an RRC release message with suspendConfig.
The UE in RRC_INACTIVE state is unaware which MRB in the source cell maps to which MRB in the target cell. Although PDCP COUNT/SN synchronization is applied across gNBs, the UE cannot achieve service continuity without such knowledge. Therefore, we propose:
Proposal 7: To provide the service continuity when PDCP COUNT/SN synchronization is applied across cells, mapping of Logical Channel IDs (LCIDs) in the source and neighbor cells can be indicated to the UE via RRC release with suspendConfig and/or MCCH. As LCID has 1-to-1 mapping with MRBs, the UE can map the source cell’s MRBs to the target cell’s MRBs to achieve service continuity. 
· Note: Signalling of the mapping serves as the indication to the UEs that cells/gNBs are synchronized in PDCP COUNT/SN.
For one gNB to know about the mapping of the other, information should be exchanged among gNBs. A simple mapping rule from QFIs to LCIDs would be sufficient for one gNB to learn about the mapping of the other and to be able to signal such mapping in source MRBs to target MRBs.
Proposal 8: RAN2 to discuss whether such information should be exchanged over the Xn interface among gNBs. Information exchange can include the list of QFIs (QoS flow identifiers) which maps to LCID as an identifier for this LCID.
5	Multicast Service Continuity After Transitioning from RRC_CONNECTED to RRC_INACTIVE State

Also, currently the MRB IDs are not provided over MCCH (and also not in PTM config in RRC release), as for broadcast such IDs were chosen by the UE itself. Note that for UEs in RRC_CONNECTED state receiving the same service MRB ID can be different for the same session. The reason is that IDs of MRBs and UE-specific DRBs are from a shared pool.
Observation 4: For UEs in RRC_CONNECTED state receiving the same service, MRB ID can be different for the same session. Therefore, MRB IDs should not be signalled over the air in MCCH.
However, for service continuity during RRC state transition, UE should have a way to map MRBs in RRC_CONNECTED that are to be continued in RRC_INACTIVE, similar to the case of cell reselection explained in the previous section.
For that reason, UE can use the Logical Channel IDs for the MRBs that is also included in the RRC release/MCCH. As LCID has 1-to-1 mapping with MRBs, the UE can map the MRBs in RRC_INACTIVE to MRBs in RRC_CONNECTED to achieve service continuity. 
Proposal 9: To provide the service continuity during RRC state changes from RRC_CONNECTED to RRC_INACTIVE (and vice-versa), as LCID has 1-to-1 mapping with MRBs, the UE can map the MRBs in RRC_INACTIVE to MRBs in RRC_CONNECTED via LCIDs to achieve service continuity. 


6	Conclusion
This document has made the following observations:
Observation 1: Without enhancements, the UE in INACTIVE does not know when the HARQ feedback would be transmitted and therefore does not know when to start the DRX HARQ RTT timer.
Observation 2: 	In some scenarios, the size of the CFR for UEs in RRC_CONNECTED and RRC_INACTIVE interested to receive the same service cannot be aligned.
Observation 3: 	RRC_CONNECTED and RRC_INACTIVE UEs that are interested in the same multicast service cannot have the same DCI understanding of certain DCI fields, when their CFRs are not the same.
Observation 4: For UEs in RRC_CONNECTED state receiving the same service, MRB ID can be different for the same session. Therefore, MRB IDs should not be signalled over the air in MCCH.


And proposed the following:
Proposal 1 : dl-DataToUL-ACK-MulticastDCI-Format4-1 or dl-DataToUL-ACK to be configured also for UE in inactive, i.e., it should be provided by MCCH or via RRCRelease message to the UE, which could be per TMGI (MBS service) or a general one for all multicast services.
Proposal 2: The UE in RRC_INACTIVE state can use the existing rules for interpreting K1 (PDSCH-to-HARQ_feedback timing indicator): For DCI format 4_1, the PDSCH-to-HARQ_feedback timing indicator field (K1) values are provided by dl-DataToUL-ACK-MulticastDCI-Format4-1 or, if dl-DataToUL-ACK-MulticastDCI-Format4-1 is not provided, by {1, 2, 3, 4, 5, 6, 7, 8}
Proposal 3:  UE always starts the timer in the nth symbol of the slot indicated by K1, where n  could be configurable. If the configuration of n is not provided to the UE, then UE could use the hard coded values of the symbols and if the configuration is given, the UE could use the configured value of n.
Proposal 4: 	RAN2 works on solutions for FDRA size and interpretation alignment, for the case where the same DCI and PDSCH are to be received by UEs in RRC_INACTIVE and RRC_CONNECTED states for the same multicast service when the CFRs for the UEs in different RRC states are not aligned.
Proposal 5 : If the synchronization of PDCP COUNT/SNs is applied in the network, the RAN nodes are configured with the information that this is applied in the network (or at least at some part of the network, e.g., neighbours of this RAN node).
Proposal 6: In addition, RAN nodes inform the UE about such configuration. Informing can take place via an indication to the UEs that is broadcast over MCCH channel and/or sent to individual UEs within an RRC release message with suspendConfig.
Proposal 7: To provide the service continuity when PDCP COUNT/SN synchronization is applied across cells, mapping of Logical Channel IDs (LCIDs) in the source and neighbor cells can be indicated to the UE via RRC release with suspendConfig and/or MCCH. As LCID has 1-to-1 mapping with MRBs, the UE can map the source cell’s MRBs to the target cell’s MRBs to achieve service continuity. 
Proposal 8: RAN2 to discuss whether such information should be exchanged over the Xn interface among gNBs. Information exchange can include the list of QFIs (QoS flow identifiers) which maps to LCID as an identifier for this LCID.
Proposal 9: To provide the service continuity during RRC state changes from RRC_CONNECTED to RRC_INACTIVE (and vice-versa), as LCID has 1-to-1 mapping with MRBs, the UE can map the MRBs in RRC_INACTIVE to MRBs in RRC_CONNECTED via LCIDs to achieve service continuity. 
Annex How CFR information is Used for Calculations of DCI Relevant Fields in TS38.212 and TS38.214 
7.3.1.5.3	Format 4_2
The following information is transmitted by means of the DCI format 4_2 with CRC scrambled by G-RNTI configured by G-RNTI-Config or G-CS-RNTI: 
-	Frequency domain resource assignment – number of bits determined by the following, where  is the size of the common frequency resource as configured by higher layer parameter locationAndBandwidth-Multicast: 
-	 bits if only resource allocation type 0 is configured, where  is defined in Clause 5.1.2.2.1 of [6, TS38.214], 
-	 bits if only resource allocation type 1 is configured, or 
-	 bits if resourceAllocation in PDSCH-Config-Multicast is configured as 'dynamicSwitch'. 
-	If resourceAllocation in PDSCH-Config-Multicast is configured as 'dynamicSwitch', the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 
-	For resource allocation type 0, the  LSBs provide the resource allocation as defined in Clause 5.1.2.2.1 of [6, TS 38.214].
-	For resource allocation type 1, the  LSBs provide the resource allocation as defined in Clause 5.1.2.2.2 of [6, TS 38.214] 
5.1.2.2.1	Downlink resource allocation type 0
In downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource blocks defined by higher layer parameter rbg-Size configured by PDSCH-Config and the size of the bandwidth part as defined in Table 5.1.2.2.1-1.
Table 5.1.2.2.1-1: Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16



The total number of RBGs () for a downlink bandwidth part i of size  PRBs is given by , where
-	the size of the first RBG is ,
-	the size of last RBG is  if  and P otherwise,
-	the size of all other RBGs is P.
In downlink resource allocation of type 0 scheduled using a DCI with CRC scrambled by G-RNTI for multicast or G-CS-RNTI, the resource block assignment information bitmap is calculated based on the description above with the following changes: the parameter  is the starting PRB of the CFR,  is the size of the common frequency resource (CFR) and the value of the higher layer parameter rbg-Size is configured by pdsch-ConfigMulticast.
5.1.2.2.3	Downlink resource allocation type 1 for multicast/broadcast
In downlink resource allocation of type 1 scheduled using DCI format 4_0 or DCI format 4_1 with CRC scrambled by G-RNTI, G-CS-RNTI or MCCH-RNTI, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated non-interleaved or interleaved virtual resource blocks. 


A downlink type 1 resource block assignment field in the DCI format 4_0 or DCI format 4_1 consists of a RIV corresponding to a starting resource block in reference to the lowest RB of the CFR and a length in terms of virtually contiguously allocated resource blocks LRBs, where  is given by 
-	the size of CORESET 0 if CORESET 0 is configured for the cell;
-	the size of initial DL bandwidth part if CORESET 0 is not configured for the cell. 
The resource indication value is defined by:

if  then


else 






where, and where shall not exceed .
If , K is the maximum value from set {1, 2, 4, 6, 8, 10, 12} which satisfies ; otherwise K = 1. 


In downlink resource allocation of type 1 scheduled using DCI format 4_2 with CRC scrambled by G-RNTI for multicast or G-CS-RNTI, the description in clause 5.1.2.2.2 with the following changes:  corresponds to a starting resource block in reference to the lowest RB of the CFR and  is the size of the CFR.
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