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1 Introduction
A Multicast Service for shared delivery is identified by Multicast Session ID (e.g. TMGI) and is delivered by establishing an MBS session (MB-UPF to gNB). Each MBS Session contains one or more QoS flows that are mapped to a MRB or Split MRB in SDAP for where the PDCP entity for the bearer is configured with RLC bearer(s). In this document the term MRB is used to represent a bearer with a single RLC entity which is scheduled by G-RNTI in PHY. Split MRB is used to represent a bearer with two RLC entities, where each entity uses G-RNTI and C-RNTI respectively. The RLC bearers translate into logical channels at MAC. The DL QoS flow to MBS Radio Bearer mapping is transparent to the UE and is achieved through network implementation. Currently, this architecture is supported along with a dynamic switch of the multicast service over PTM/PTP for where the split PTM MRB RLC bearers are configured with RLC UM and PTP with RLC UM or RLC AM.
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 Figure 1: Left – Split MRB; Right – MRB

2	Architectural options
LTE MAC has a separate transport channel (MCH) for multicast traffic. There, the two logical channels MCCH and MTCH both map to this transport channel. Consequently, each transport channel has a separate LCID space. In LTE SC-PTM SC-MTCH is mapped to DL-SCH which would imply it shares LCID space with the DTCHs also mapped to DL-SCH. However, SC-PTM does not allow for multiplexing of SC-MTCH and other logical channels (DTCH) in the same MAC PDU. In a sense, even though SC-MTCH is mapped to DL-SCH this restriction in multiplexing can be interpreted as SC-MTCH in reality is mapped to a DL-SCH of its own. The SC-PTM solution creates an artificial restriction in multiplexing and should be avoided. 
The question becomes, which solution do we select for NR?
· Option 1: MBS-specific transport channel (e.g. "MCH")
· Option 2: Reuse DL-SCH (without any artificial restriction like SC-PTM)
[image: ][image: ]
Figure 2 – Option 1 add MBS specific transport channel (left), Option 2 – Reuse DL-SCH (right)
2.1	Option 1: MBS Specific transport channel (e.g., "MCH")
In this option the MCH is associated with the G-RNTI. All transport blocks scrambled with G-RNTI belong to the MCH. There can be multiple MCHs, each with their own G-RNTI. For now, we assume the MAC PDU format is the same as for DL-SCH. The UE-side of this option is illustrated in Figure 3. The reception procedure for the Split MRB is like follows:
1. PHY monitors for both G-RNTI and C-RNTI (as agreed in RAN2#113bis)
2. Upon receiving a transport block scrambled with G-RNTI the UE determines it is a MAC PDU for the MCH. If the RNTI is C-RNTI it is a MAC PDU for the DL-SCH. 
3. Like NR unicast, MAC will determine the correct logical channel using the LCID field in the MAC PDU. It is worth noting that each transport channel (MCH and DL-SCH) has separate LCID spaces. Therefore, a MAC SDU received on G-RNTI with LCID = 5 will end up at a different RLC entity than a MAC SDU received on C-RNTI with LCID = 5. 
The reception procedure for the MRB is very similar, but there is no need to consider steps related to C-RNTI. 
The advantages of this option are
1. LCID assignment of DRBs and MRBs can be done independently. This implies if a UE with a set of configured DRBs suddenly expresses an interest in MBS there is no need to reconfigure the DRBs due to LCIDs colliding.
2. The LCID space is large as there is a separate LCID space for the MCH. 
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Figure 3 – UE side of option 1, use MCH.
2.2	Option 2: MBR uses NR DL-SCH
In this option the DL-SCH is associated with the G-RNTI. All transport blocks scrambled with the G-RNTI belong to the DL-SCH. The UE-side of this option is illustrated in Figure 4. The reception procedure for the Split MRB is like follows:
1. PHY monitors for both G-RNTI and C-RNTI (as agreed in RAN2#113bis)
2. All transport blocks with either G-RNTI or C-RNTI will end up in the DL-SCH.
3. Like NR unicast, MAC will determine the correct logical channel using the LCID field in the MAC PDU. It is worth noting that the LCID space is shared. Therefore, a MAC SDU received on G-RNTI with LCID = 5 will end up at the same RLC entity as a MAC SDU received on C-RNTI with LCID = 5. 
As with option 1, the reception procedure for the MRB is similar, just skip everything that has to do with C-RNTI. 
The advantages of option 2:
1. Multiplexing of MRBs, Split MRBs, and DRBs in MAC PDUs using C-RNTI is supported similar to multiplexing of LCHs in legacy unicast. 
2. Soft combining of transport blocks across payloads transmitted by G-RNTI or C-RNTI is supported and is aligned with the current assumption in RAN1. This allows for a retransmission mode in addition to retransmission via/from PDCP. This could have impact HARQ process reservation and other details pending RAN1 discussion. 
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Figure 4 – UE side of option 2, re-use DL-SCH.
2.3	General observations
In Option 1, it is possible to map QoS flows of a MBS session to G-RNTI as illustrated in Figure 5 (right) and hence logical channel identification by G-RNTI gives different QoS associated for each MRB within a single MBS session. 
In Option 2, multiplexing of MAC SDUs of different logical channel ranges (QoS) is up to gNB scheduler. Here, the actual TB scheduled using a single G-RNTI (NW choice) is multiplexed according to the required QoS linked to the MBS session. 
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Figure 5 – NW side DL-SCH and MCH
Note that the options above are impacted from how the ability of multiplexing of MAC SDUs of different logical channels linked to different MBS session and MRBs. I.e. if using LCID to uniquely determine the QoS Flows across a MBS session, or if the corresponding G-RNTI (or a combination) determine this. For example, a MBS Session results in two MRBs and G-RNTIs, for where the G-RNTI itself is then associated with a QoS as the different MRBs partition to a smaller set of all the QoS Flows withing the MBS Session. In some alternatives this can render an actual LCID field in the MAC PDU redundant. However, a change in MAC PDU formats would then need support for a new protocol format and routing from MAC dependent on RNTI.    
[bookmark: _Toc61524952][bookmark: _Toc68205463]Multiplexing of multiple MRBs and Split MRBs in one MAC PDU using G-RNTI is supported.
[bookmark: _Toc68205464]Scheduling of MRBs and Split MRBs using separate G-RNTI is supported.
[bookmark: _Toc61524953][bookmark: _Toc68205465]Multiplexing of Split MRB and DRBs in one MAC PDU using C-RNTI is supported.
It can be assumed though, that by supporting the options as proposed above and retaining the use of the LCID regime, the NW can freely decide on what to multiplex in a TB, or alternatively, on what combination of transport channels/MRBs the MBS Session is configured for the UE to fulfil the QoS of the MBS session. This would also have the possibility to avoid complexity in PTM to PTP Dynamic Switch, mobility and Service Continuity and MBS Individual delivery upon mobility etc.
[bookmark: _Toc68205466]G-RNTI to QoS Flow association for optimizations rendering new MAC PDU formats are not needed.
[bookmark: _Toc68205467]RAN2 to discuss and decide on the transport channel model used for MBS
2.4 Multiple MBS Sessions, MRBs
Options in mapping between MBS session and G-RNTI impact the network flexibility in deciding the multiplexing of MRBs in a MAC PDU. A 1:1 mapping between G-RNTI and MBS session benefits the power consumption in the UE as it ensures the UE does not need to receive and decode MBS sessions it is not interested of. On the other hand, this results in complexity in the number of G-RNTIs that each UE needs to receive. Managing restrictions while keeping delay short and efficiency high will be difficult for the network. 
The simplest from the network complexity perspective would be to only have one G-RNTI and MRB per cell, including one or more MBS Sessions. This comes with the result of receiving multicast data for all UEs even if that particular MBS session is not of interest for the UE, or alternatively, not having the possibility to separate some QoS Flows from other (e.g. Voice – Video - Chat). As the Use Case and situation along with UE capability an explicit need for the specification to have any restriction in either direction may be difficult, instead the best configuration can be decided by the network at MBS Session setup and configuration of UEs.
[bookmark: _Toc61524954][bookmark: _Toc68205468]The UE can be configured with one or multiple G-RNTIs.
[bookmark: _Toc61524955][bookmark: _Toc68205469]A G-RNTI can map to one or multiple MBS sessions.
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Figure 6 – Example, each session scheduled with its own G-RNTI.
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Figure 7 – Example, sessions scheduled with a single G-RNTI.
It should be noted that the above discussion assumes that a UE can be part of more than one active MBS session at any point in time, that gNBs can transmit more than one MBS session at the time, and that a UE can receive more than one MBS session at the time. RAN2 should discuss and confirm any restrictions to the number of MBS sessions a UE can join and receive simultaneously and correspondingly the number of MBS sessions the gNB can simultaneously serve.
[bookmark: _Toc61524956][bookmark: _Toc68205470]RAN2 to discuss and confirm any restrictions to the number of MBS sessions a UE can join and simultaneously receive and correspondingly the number of MBS sessions the gNB can simultaneously serve.
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2.4	RRC control
Depending on the QoS required for an MBS session, a UE may be configured with an MRB for the ongoing session. As a result, dynamic switching to a PTP mode of transmission is not possible. Should the network detect that the QoS cannot be fulfilled using the MRB, the network can reconfigure the bearer to a Split MRB, which enables the use of PTP transmissions. This would be done using RRC and shall not be confused with a dynamic switch, which takes place in the scope of the Split MRB.
RRC reconfiguration supports changing between MRB and Split MRB.
[bookmark: _Toc54261364][bookmark: _Toc54261365][bookmark: _Toc54261366][bookmark: _Toc54261367][bookmark: _Toc54261368][bookmark: _Toc54261369]2.5	Assumptions
One assumption we make in this analysis is that the UE monitors PDCCH for both G-RNTI and C-RNTI. We understand RAN1 is working with "group-common PDCCH" for G-RNTI and "UE-specific PDCCH" for C-RNTI. Exactly how simultaneous and parallel (e.g. slot-level, symbol-level) this monitoring needs to be can be left for RAN1 to determine. We assume a HARQ transmission on UE-specific PDCCH uses the same HARQ processes as a HARQ transmission on group-common PDCCH (assuming both transmissions are on the same cell). Making this assumption allows for a retransmission of a MAC PDU on C-RNTI which was originally transmitted with G-RNTI. 
As discussed in e-mail discussions and input summaries, for MAC it is assumed that the UE can receive some transport blocks scrambled with C-RNTI followed by some transport blocks scrambled with G-RNTI and vice versa without any prior explicitly signalled "switch". We think such an assumption is reasonable to make given that a legacy UE could monitor for both C-RNTI and CS-RNTI for example. We also recognize that there might be some timing requirements and scheduling restrictions between transmissions of transport blocks with G-RNTI and C-RNTI, but also this topic is for RAN1 to study. 
We think it would be beneficial for the collaboration between RAN1 and RAN2 to spell out the assumptions MAC makes on PHY and then share these assumptions with RAN1.
[bookmark: _Toc68182469][bookmark: _Toc68205471]Send an LS to RAN1 stating the assumptions RAN2 makes on the PHY.
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1. Overall Description:
RAN2 would like to keep RAN1 updated of the progress of the work in RAN2. Following discussions, RAN2 has concluded on the following assumptions on PHY made by higher layers:
The UE (once configured) monitors PDCCH and does so for both G-RNTI and C-RNTI. We understand RAN1 is working with "group-common PDCCH" for G-RNTI and "UE-specific PDCCH" for C-RNTI. Exactly how simultaneous and parallel (e.g. slot-level, symbol-level) this monitoring needs to be can be left for RAN1 to determine. RAN2 assume a HARQ transmission on UE-specific PDCCH uses the same HARQ processes as a HARQ transmission on group-common PDCCH (assuming both transmissions are on the same cell). Making this assumption allows for a retransmission of a MAC PDU on C-RNTI which was originally transmitted with G-RNTI. RAN2 sees this function as a way to improve reliability.
For MAC it is assumed that the UE can receive some transport blocks scrambled with C-RNTI followed by some transport blocks scrambled with G-RNTI and vice versa without any prior explicitly signalled "switch". We think such an assumption should not introduce too much added UE complexity given that a legacy UE could monitor for both C-RNTI and CS-RNTI for example. 
RAN2 also recognize that there might be some timing requirements and scheduling restrictions between transmissions of transport blocks with G-RNTI and C-RNTI, but also this topic is for RAN1 to study. 

2. Actions:
To RAN1 group.
ACTION: 	RAN2 ask RAN1 to take these assumptions into account when developing PHY. If any of these assumptions does not suit the current PHY design RAN2 would like to be informed.

3. Date of Next RAN2 Meetings:
RAN2#115-e	16th – 27th August 2021			Electronic meeting
RAN2#116-e	1st – 12th November 2021			Electronic meeting
4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Multiplexing of multiple MRBs and Split MRBs in one MAC PDU using G-RNTI is supported.
Proposal 2	Scheduling of MRBs and Split MRBs using separate G-RNTI is supported.
Proposal 3	Multiplexing of Split MRB and DRBs in one MAC PDU using C-RNTI is supported.
Proposal 4	G-RNTI to QoS Flow association for optimizations rendering new MAC PDU formats are not needed.
Proposal 5	RAN2 to discuss and decide on the transport channel model used for MBS
Proposal 6	The UE can be configured with one or multiple G-RNTIs.
Proposal 7	A G-RNTI can map to one or multiple MBS sessions.
Proposal 8	RAN2 to discuss and confirm any restrictions to the number of MBS sessions a UE can join and simultaneously receive and correspondingly the number of MBS sessions the gNB can simultaneously serve.
Proposal 9	Send an LS to RAN1 stating the assumptions RAN2 makes on the PHY.
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref174151459][bookmark: _Ref189809556]
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