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 Introduction

In this contribution, analysis to below general aspects is provided:

Multicast/Broadcast Radio Bearer terminology
to L2 architecture and the protocol layer function (some FFS from last meeting)

MBS deployment scenarios (e.g., is per frequency feasible) or UE awareness of MBS service

 Radio bearer
 Association between MRB and MBS session
During the email discussion of [Post112-e][071][MBS] UP Performance (Qualcomm), the terminology was touched a bit for more clearer discussion. The association between radio bearer and session was proposed as below:

DRB <==> PDU session (including Multicast service served by individual delivery method); 
MRB <==> MBS session.
Note: MRB stands for Multicast/Broadcast Radio Bearer, Multicast Radio Bearer, or MBS Radio Bearer depending on companies' preference. Multicast/Broadcast Radio Bearer is preferred here, since the concept of MRB can be applied to Broadcast as well except that for Broadcast only PTM delivery mode applies, as agreed in RAN3 110e meeting. 
RAN3 110e
Restrict the terms PTP and PTM for RAN internal delivery decision for the various mode. Agreed that for broadcast only PTM is applicable and for Multicast both PTP and PTM are applicable; PTP and PTM definitions need to be further discussed
Such mapping rule will be helpful or reasonable in at least below 2 aspects:

Whenever we talk about MRB, it is only about MBS session of shared delivery method, which narrows down the discussion scope.

At least the common PDCP entity will be used for mode switching (already a consensus, whatever anchor layer it is). So whatever mode it is, from UE perspective, it is still the same PDCP entity thus same MRB. Which is to say, an MRB won't be switched to DRB. The configuration of an MRB might change according to the mode switching (e.g., PTP RLC leg only, PTM RLC leg only, or both. if PDCP is used as the anchor layer), and the configured Re-TX scheme (e.g., per UE or per group Re-TX in whatever layer). Some of the configuration might be UE specific, even for an MRB. 
Although the definition was confirmed by some companies, making it an official one seems appropriate for future discussion:
Multicast/Broadcast Radio Bearer (MRB) is the radio bearer that serves the MBS session (including both Multicast session and Broadcast session).

Agree on the association between radio bearer and session: DRB <==> PDU session (including Multicast service served by individual delivery method); MRB <==> MBS session.
In LTE eMBMS, the user plane of Unicast service and Broadcast services are of separate design, and user plane of eMBMS has the following characteristics:

One SC-MRB (with one RLC entity) per eMBMS service

No PDCP entity for user plane, ROHC is handled in BMSC or Application server [1]
No dynamic delivery mode switching in RAN side

In NR MBS, changes might be needed, e.g., MBS session may be associated with multiple radio bearers. As confirmed by SA2 that "-
The network shall support one or multiple QoS flow for an MBS session" [2], there might be data flows which own distinct requirements on QoS. Therefore, it is natural there are more than one MRB to differentiate the packet dealing in the air interface, e.g., with separated SN (independent serial numbering and reordering operation), discard timer, mode switching, and reliability enforcement measures (e.g. HARQ feedback). Such mechanism allows the network to do prioritization among the MRBs associated with the MBS. Meanwhile, the solution can provide better forward compatibility and the alignment with QoS model in NR Rel-15/16 with less spec impacts. Therefore, we propose that there can be multiple MBS radio bearers (MRBs) that serve the same MBS session. 

One MBS session may be associated with multiple MRBs.
 Protocol Layers
There are some left over issue and FFSs from RAN2 112e meeting:
RAN2 112e agreements
The function of mapping from QoS flows to MBS RBs in SDAP is needed for NR MBS. TBD whether any SDAP header is needed.

(Working assumption) no SDAP functions other than “mapping from QoS flows to radio bearers” and “transfer of user plane data” are supported for MBS. FFS whether to support QoS flows to radio bearers remapping.

In general: RAN2 wait for SA3’s progress for discussing security issues. TBD whether we need to send LS to SA3. 

RoHC (at least U-mode) can be configured for NR MBS bearers. This is applicable for Mcast, assume this is applicable also to broadcast. 

RoHC is located at PDCP. 

The reordering and in-order delivery function in PDCP is supported for NR MBS.

The following PDCP functions are also supported for NR MBS: transfer of data; maintenance of PDCP SNs; duplicate discarding. Other PDCP functions are FFS.

RLC AM is supported for PTP transmission of NR MBS.

RLC UM is supported for PTP transmission of NR MBS.

RLC UM is supported for PTM transmission of NR MBS.

RLC TM is not supported for PTP transmission of NR MBS.

RLC TM is not supported for PTM transmission of NR MBS.

FFS for PTM if multiplexing/de-multiplexing of different logical channels are to be supported in MAC for NR MBS.
Some of the highlighted part will be considered in this document:

QoS remapping
security issues
multiplexing/de-multiplexing of different logical channels

 SDAP

In current SDAP spec, the SDAP functions are listed as below:

The SDAP sublayer supports the following functions:

-
transfer of user plane data;

-
mapping between a QoS flow and a DRB for both DL and UL;

-
marking QoS flow ID in both DL and UL packets;

-
reflective QoS flow to DRB mapping for the UL SDAP data PDUs.
In the related email discussion, most of the companies think that it is necessary to keep SDAP at least in the network side. However there are debates on if SDAP header is needed.
We think there is no need to support the SDAP PDU format with header for reasons below:
QFI information included in SDAP header for downlink data packet is only beneficial in Reflective QoS, which however is not needed for downlink only MBS.
QoS flow remapping for NR MBS is a feature that can be supported by network implementation, as in current NR unicast and NR V2X Groupcast/Broadcast. remapping is needed. since this is why we have SDAP in the access network, right? to enable dynamic and independent mapping to radio bearers which fits the needs of the service and what can the air interface offer.
SDAP header adds extra UP processing overhead both in network and UE side. 
For DL only NR MBS, there is no need for Reflective QoS. Therefore the control bit to indicate the Reflective QoS is not needed.

It could be up to network implementation to realize in order delivery during QoS flow remapping, explicit indication of QFI and end marker in the SDAP header is not needed.

Based on the above observations, for NR MBS there is no need to include SDAP header. Therefore we suggest:

Remapping from QoS flow to MRB in SDAP layer is supported without spec effort.
 PDCP

In current PDCP spec, the PDCP functions are listed as below:
The PDCP layer provides its services to the RRC or SDAP layers. The following services are provided by PDCP to upper layers:

-
transfer of user plane data;

-
transfer of control plane data;

-
header compression;

-
ciphering;

-
integrity protection.

For the ciphering functions, companies agreed that whether ciphering is needed depends on SA3 decision. As far as we know, majorities companies think PDCP will be the anchor layer for PTP/PTM mode switching and PDCP will be in charge of ciphering function if needed. It is not clear if two separated ciphering sub-entities should be supported in the PDCP entity for PTP and PTP transmission. It is suggested to send an LS to SA3 on this issue.

If ciphering is needed and the key is different for PTP and PTM transmission, two sets of security functions might need to be configured for the PDCP entity.
RAN2 send an LS to SA3 for NR MBS ciphering: 1) whether ciphering on Uu interface is needed for MBS; 2) If ciphering is needed, whether different keys for PTP and PTM apply, e.g., per UE key for PTP transmission and per MBS key for PTM transmission.

 MAC

As analyzed above, for one specific MBS session, there might be more than one MRB associated with this MBS session. 

For PTM transmission, multiplexing among logical channels associated with same MBS service shall be allowed to enable flexible scheduling. As in Figure 1, for MBS1 there might be 3 MRBs and 3 corresponding logical channels; for MBS2, there might be 2 MRBs and 2 corresponding logical channels. Based on the QoS requirement of each MRB (e.g., based on the mapped QoS flows profile), network shall be able to multiplex the logical channels for the same MBS service based on the available radio resource and other factors freely.
However, multiplexing among logical channels associated with different MBS service shall not be allowed for the below reason:

It might be beneficial (e.g., multiplexing gain in physical layer) for UEs who are interested in both MBSs, but for other UEs there will be overhead to receive the not interested MBS data in PHY and discard the packet in higher layer.
Extra spec effort on MAC PDU format design is needed to identify the MBS data from different MBS service if such multiplexing within the same MAC PDU is allowed.
For PTP transmission, it is per UE scheduling and the multiplexing/de-multiplexing of different LCHs of similar QoS requirement shall be supported, as in NR that multiplexing data from DRBs of different PDU Session is allowed. In Figure 1, logical channel for unicast services, and PTP transmission for MBS1 are multiplexed into the same transport block identified by per UE C-RNTI1.
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Figure 1. Multiplexing among logical channels from NW perspective
For PTM transmission, multiplexing among logical channels associated with same MBS service shall be allowed.

For PTM transmission, multiplexing among logical channels associated with different MBS service shall NOT be allowed.

For PTP transmission, multiplexing among logical channels associated with UE's interested MBS service and PDU Sessions shall be allowed.
 UE awareness of MBS services
In recent email discussions, one issue that kept coming up is the UE awareness of MBS services. Some aspects like service discovery has not been touched in SA2 or any other groups, while there are issues in RAN2 that relies on the design. For example, during cell selection or re-selection, information has to be provided for UE to further 

to determine the availability of the MBS service and then 
to prioritize the cell to receive or continue receiving MBS service to achieve service continuity
The design eventually goes to how the MBS service are deployed across cells, e.g., whether there should be a specific frequency layer for such MBS service, or it is area/cell(s) specific. In below section, the LTE eMBMS mechanism is revisited to help us evaluate what legacy mechanism can be kept and what shall not.

Note: this analysis does not appear under the AI of 8.1.3 since this is a systematic issue which is irrelevant to UE RRC status.
 per area/frequency/cell deployment
MBS Service discovery is a term used in service layer [3] which helps UE to identify in which region or during which period UE is able to receive the service.  
3GPP TS 26.346

The User Service Discovery / Announcement provides service description information, which may be delivered via the Session and Transmission function or via the Interactive Announcement function. This includes information, which is necessary to initiate an MBMS user service as described in sub-clause 5.3.1. Metadata for the service descriptions are described in sub-clause 5.2.

The information provided by service layer included in the User Service Description (USD) includes at least the below information (while some are optional):

serviceArea, which is optional and declares the one or more service areas over which this MBMS User Service is provided. The service area is designated by the MBMS Service Area Identity (SAI) as defined in 3GPP TS 36.443 [ref] and 3GPP TS 23.003 [ref].

radioFrequency, which indicates the one or more RF frequencies in the E-UTRAN downlink which transmit this MBMS User Service over the service area(s) identified by the serviceArea element

3GPP TS 26.346
The availabilityInfo element shall include one or more infoBinding elements. The infoBinding element shall contain the child elements serviceArea and radiofrequency. A UE shall be capable of processing an infoBinding element that does not contain the child element serviceArea. Note that for backwards compatibility reasons, serviceArea needs to be indicated as optional in the USD schema (i.e. ‘minOccurs="0"’). The serviceArea element declares the one or more service areas over which this MBMS User Service is provided.  This element is designated by the MBMS Service Area Identity (SAI) as defined in 3GPP TS 36.443 [104] and 3GPP TS 23.003 [77]. According to 3GPP TS 36.443 [104], MBMS Service Area Identity is frequency agnostic and can be mapped onto one or more cells. The specific usage of the MBMS Service Area Identity, or its correlation to other network identification information, is not defined in this specification.  The radioFrequency element indicates the one or more RF frequencies in the E-UTRAN downlink which transmit this MBMS User Service over the service area(s) identified by the serviceArea element. The frequency parameter is coded as EARFCN in 3GPP TS 36.101 [105].  The MBMS client shall forward the service area and radio frequency information received in the USD to the lower layers, and the UE is expected to make use of such information in accordance with TS 36.300 [96] clause 15.4 as well as TS 36.304 [108] and TS 36.331 [97].

The MBMS client (upper layer or service layer as seen from 3GPP layer) shall forward the service area and radio frequency information received in the USD to the as layers, and the UE is expected to make use of such information during cell selection or re-selection. 

The area information (SAI) and/or frequency (identified by EARFCN) associated with the eMBMS service (identified by TMGI) are provided to UE in USD from service layer beforehand.
The area and/or frequency information are provided to lower layer to assist UE to further determine the service availability.
According to 36.300, the procedure goes based on the information provided in USD and optionally SIB15/SIB13 for UE to decide the service availability in access layer:
3GPP TS 36.300
When applying the procedures described below for UEs in RRC_IDLE and RRC_CONNECTED state:

-
the UE does not need to verify that a frequency is providing a MBMS service by acquiring (SC-)MCCH and may apply these procedures even though a MBMS service is not provided via MBSFN or SC-PTM;

-
the UE may consider that a service is provided if a session of this service is ongoing as derived from the session start and end times indicated for this service in the USD and if a frequency provides this service;

-
the UE determines the frequency on which a service is provided according to the following:

-
if the serving cell provides SystemInformationBlockType15 (SystemInformationBlockType15-NB in NB-IoT), the UE considers that a frequency is providing the MBMS service via MBSFN or SC-PTM if and only if one of the MBMS SAI(s) of this frequency as indicated in SystemInformationBlockType15 of the serving cell is indicated for this MBMS service in the USD;

-
except for NB-IoT UEs, BL UEs or UEs in enhanced coverage, if the serving cell does not provide SystemInformationBlockType15, the UE in RRC_IDLE state may consider that a frequency included in the USD for the MBMS service is providing this MBMS service as long as the UE reselects cells where SystemInformationBlockType13 is provided.

Based on the description above, we can have two cases for UE to determine if a service is provided on specific cell/carrier/frequency, depending on the combination of the information what UE sees on the USD and air interface, as in Figure 2.

Case 1, determine service availability based on SAI information in SIB15 and SAI in USD. If TMGI and the frequency agnostic information SAI is provided, then the the UE shall ignore the radioFrequency information, and combine the information from SIB15 to determine the availability of the service (on which frequency). Case 1 is based on per area deployment. Case 1 is for per area deployment, cell broadcast the current carrier and neighbour carrier's SAI to help UE to determine the service availability, the service is deployed on a region that is identified by a frequency agnostic region ID (i.e., SAI). The SAI is used to identify an area consisting of one or more cells belonging to the same Location Area. Such an area is called a Service Area and can be used for indicating the location of a UE to the CN.
Case 2. determine service availability based on frequency information in USD. If SIB15 is not provided, as long as the frequency is provided in the USD and SIB13 is being distributed on the frequency, UE will consider the service is provided on that cell frequency. Case 2 is based on per frequency deployment, therefore UE can determine the service availability solely based on the frequency in USD. The service is deployed on a frequency layer. This model fits into the "terrestrial broadcast" like service, whose transmission areas are typically static and usually comes with large area MBSFN deployment. There are historic reasons for such design: the eMBMS was designed for Terrestrial Broadcast-like services, which utilized SFN (single frequency network) as one of its most important feature to support large scale coverage.
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Figure 2. how does UE determine the right carrier to receive eMBMS

We can have below observation:

UE relies on information from both service layer (USD), and access layer (system information) to determine whether a service is available.
UE does not rely on SC-MCCH to determine whether a service is available in the corresponding frequency.
There are two deployment cases: 1) Case 1, per area deployment, cell broadcast the current carrier and neighbour carrier's SAI to help UE to determine the service availability; 2) Case 2, per frequency deployment, as long as the cell broadcast SIB13 (which means eMBMS is provided through MBSFN), UE can determine the service availability solely based on the frequency in USD.
 requirements in 5G/NR MBS
However, in NR MBS, the anticipated deployment scenarios is single cell and small MBSFN region which consists of small amount of cells [4], and dynamic MBS area is pursued as the WID indicates [5]. Therefore the case 2 from legacy mechanism which requires the service deployed on the specific frequency layer seems not an appropriate solution for NR MBS.

NR MBS in Rel-17 pursues small and dynamic area deployment.
NR MBS in Rel-17 fits into the case 1, which asks for frequency-agnostic per area deployment.
Therefore, for NR MBS, we have below options:
per area (e.g., SAI) deployment as in LTE eMBMS. UE relies on the area code (SAI, or RAC like, broadcast in cell, e.g., via SIB) in access layer together with the area information provided in USD to help the cell selection/re-selection process. Note: per cell or cell list deployment which is SC-PTM like, can be a special case of per area deployment.
per frequency deployment, however this option violates previous observation that NR MBS aims at small and dynamic area.
Further study UE's awareness of MBS services, considering the following deployment scenarios: area based (e.g., per SAI or SAI list), and cell based (e.g., per cell or cell list).
LS SA2 the decision that NR MBS in Rel-17 does not support per frequency deployment.
 Proposed LS to SA2
3GPP TSG-RAN WG2 #113-e
TBD
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1. Overall Description:

RAN2 would like to keep SA2 updated of the progress of the work in RAN2. In following discussions, RAN2 has concluded on the following assumptions on per area deployment of NR MBS:

There are two legacy cases to support UE's awareness of service availability at access layer:

for case 1 which is for per area deployment, cell broadcast the current carrier and neighbour carrier's SAI in access layer (through SIB) to help UE to determine the service availability, the service is deployed on a region that is identified by a frequency agnostic region ID (i.e., SAI). The SAI is used to identify an area consisting of one or more cells belonging to the same Location Area. Such an area is called a Service Area and can be used for indicating the location of a UE to the CN.

for case 2 which is for per frequency deployment, UE can determine the service availability solely based on the frequency in USD. This model fits into the "terrestrial broadcast" like service, whose transmission areas are typically static and usually comes with large area MBSFN deployment. There are historic reasons for such design: the eMBMS was designed for Terrestrial Broadcast-like services, which utilized SFN (single frequency network) as one of its most important feature to support large scale coverage.
RAN2 recognize that for NR MBS that case 2, i.e., per frequency deployment, violates the fact that NR MBS aims at small and dynamic area, and assumes that RAN2 consider the per area/cell(s) deployment only for future study. The area can be identified by an area code (e.g., SAI) or cell list, per SA2 study result.
2. Actions:

To SA2 group.

ACTION: 
RAN2 kindly ask SA2 to take these assumptions into account when considering deployment scenarios, and MBS area for NR MBS. RAN2 would like to be informed for any further progress.
3. Date of Next RAN2 Meetings:

RAN2#113-bis-e 
12th – 20th April 2021


Electronic meeting

RAN2#114-e

19th–27th May 2021



Electronic meeting
 Conclusion
Based on the analysis provided above, we have the following observations:
Observation 1  For DL only NR MBS, there is no need for Reflective QoS. Therefore the control bit to indicate the Reflective QoS is not needed.

Observation 2  It could be up to network implementation to realize in order delivery during QoS flow remapping, explicit indication of QFI and end marker in the SDAP header is not needed.

Observation 3  If ciphering is needed and the key is different for PTP and PTM transmission, two sets of security functions might need to be configured for the PDCP entity.

Observation 4  The area information (SAI) and/or frequency (identified by EARFCN) associated with the eMBMS service (identified by TMGI) are provided to UE in USD from service layer beforehand.

Observation 5  The area and/or frequency information are provided to lower layer to assist UE to further determine the service availability.

Observation 6  UE relies on information from both service layer (USD), and access layer (system information) to determine whether a service is available.

Observation 7  UE does not rely on SC-MCCH to determine whether a service is available in the corresponding frequency.

Observation 8  There are two deployment cases: 1) Case 1, per area deployment, cell broadcast the current carrier and neighbour carrier's SAI to help UE to determine the service availability; 2) Case 2, per frequency deployment, as long as the cell broadcast SIB13 (which means eMBMS is provided through MBSFN), UE can determine the service availability solely based on the frequency in USD.

Observation 9  NR MBS in Rel-17 pursues small and dynamic area deployment.

Observation 10  NR MBS in Rel-17 fits into the case 1, which asks for frequency-agnostic per area deployment.

Based on the analysis provided above, we have the following proposals:

Proposal 1  Multicast/Broadcast Radio Bearer (MRB) is the radio bearer that serves the MBS session (including both Multicast session and Broadcast session).

Proposal 2  Agree on the association between radio bearer and session: DRB <==> PDU session (including Multicast service served by individual delivery method); MRB <==> MBS session.

Proposal 3  One MBS session may be associated with multiple MRBs.

Proposal 4  Remapping from QoS flow to MRB in SDAP layer is supported without spec effort.

Proposal 5  RAN2 send an LS to SA3 for NR MBS ciphering: 1) whether ciphering on Uu interface is needed for MBS; 2) If ciphering is needed, whether different keys for PTP and PTM apply, e.g., per UE key for PTP transmission and per MBS key for PTM transmission.

Proposal 6  For PTM transmission, multiplexing among logical channels associated with same MBS service shall be allowed.

Proposal 7  For PTM transmission, multiplexing among logical channels associated with different MBS service shall NOT be allowed.

Proposal 8  For PTP transmission, multiplexing among logical channels associated with UE's interested MBS service and PDU Sessions shall be allowed.

Proposal 9  Further study UE's awareness of MBS services, considering the following deployment scenarios: area based (e.g., per SAI or SAI list), and cell based (e.g., per cell or cell list).

Proposal 10  LS SA2 the decision that NR MBS in Rel-17 does not support per frequency deployment.
 Reference
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