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 Introduction

In RAN2 113-e meeting, the issue of UE awareness of MBS services (e.g., Broadcast services), and related spec impacts on service continuity in delivery mode 2 was discussed, and it was anticipated that further coordination across WGs was needed. The result will bring impacts to the access layer design in service continuity, including cell reselection mechanisms, related broadcast control information design.
Assume that some information for purpose of service continuity can be provided for NR MBS delivery mode 2. (FFS what - need to be revisited, e.g. based on progress in other groups, e.g. USD, SAI/TMGI etc).
FFS whether support UE awareness of MBS services on frequency basis for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).

FFS Support frequency prioritization during cell reselection for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).

The design eventually relies on the deployment scenarios of Broadcast services which we will try to offer an analysis to. Concern is raised here in this paper; recommendation is given, and it is also proposed to ask for a cross WG interaction and clarification.

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 states.
 Discussion
The deployment scenarios are not explicitly given in 3GPP specs, but one can observe from the mechanisms including UE awareness of LTE eMBMS service, cell re-selection procedures, and service continuity mechanisms from UE perspective. 

Accordingly, deployment scenarios will have impacts on the design of above mechanism in turn.

In this discussion section, 

the LTE eMBMS mechanism is revisited to help us evaluate how legacy mechanism works, and 
how it can (or can not) fit into NR Broadcast requirements.
 LTE eMBMS

For LTE eMBMS UE, it relies on two parts of information to determine whether the service is available in certain geography region (i.e., cells): User Service Description (USD) delivered to UE through the service announcement at service layer; control information broadcast in cells in access layer (AS layer), e.g., SIB15, SIB13/20.
USD might includes following information[1]:

TMGI, which is an ID used to uniquely identify the eMBMS service.

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]. Please note MBMS Service Area Identity is frequency agnostic and can be mapped onto one or more cells.

radioFrequency, coded as EARFCN, and 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 MBMS client (upper layer or service layer as seen from access layer) shall forward above information received in the USD to the AS layers, and the UE is expected to make use of such information for service continuity, e.g., cell re-selection for UE in RRC_IDLE . 

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, two categories of mechanism for UE to determine whether a service is provided on specific frequency or cell, depending on the combination of the information what UE sees on the USD and air interface, as in Figure 2.

Mechanism 1, based on SIB15 and USD. If TMGI and the frequency agnostic information SAI is provided, then UE shall ignore the radioFrequency information, and combine the information from SIB15 to determine the availability of the service (on which frequency). 

Mechanism 1 is based on per area deployment, i.e., there is an consensus between UE and the service provider, e.g., AS and/or Operators, that the service will be available and deployed in a region that is identified by a frequency agnostic region ID (i.e., SAI). However, UE awareness of the service is only of the granularity of carrier frequency, not in a finer granularity like cells.
Mechanism 2, 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 that carrier frequency, UE considers the service is provided on that carrier frequency. 

Mechanism 2 is based on per frequency layer deployment, i.e., there is an consensus between UE and the service provider, e.g., AS and/or Operators, that the service will be available and deployed on a frequency layer, therefore UE can determine the service availability solely based on the frequency information 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 and static coverage, while maintaining the reception quality at the cell edge.
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Figure 1. mechanisms on UE awareness of eMBMS
We can have below observations:

UE relies on information from both service layer (USD), and access layer (system information block) to determine whether a service is available.
There are two mechanisms for UE awareness of eMBMS service: 1) USD + SIB15; 2) USD (frequency information), and the cell broadcast SIB13.
There are two deployment scenarios in LTE eMBMS: 1) per area deployment; 2) per frequency layer deployment.
 NR Broadcast
Different from LTE eMBMS in which the Broadcast area is usually large and the MBS service is deployed on one or more frequency layers, the above requirement might not be valid in NR:

For NR Multicast and Broadcast Service (NR MBS) or 5G MBS, the associated area of MBS can be small (from single cell to a few cells [2]) and dynamic because of the service requirement, UE location distribution and other reasons that requires the service to be dynamically delivered to an area which might change,

dynamic control of the Broadcast/Multicast transmission area is pursued in the first Release of NR MBS [3]. Meanwhile, "mixed mode" multicast/broadcast in which the MBS shares the resource of Unicast service, and MBSFN which is to provide synchronized delivery of user plane packets over the air will only be realized by network implementation rather than part of the network architecture requirement. That is to say, the MBSFN will only be realized in a small region by network implementation based on operators or service providers need.

Mechanism 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 does not fit into per frequency deployment.
Based on the above analysis, we suggest a liaison to related working groups (SA2, RAN3) to confirm the deployment requirement and take the per area deployment as a future working assumption, for further RAN2 study on the UE awareness of MBS service, cell reselection and service continuity mechanisms.
Working assumption: Rel-17 MBS for Broadcast service only pursues per area (frequency-agnostic) deployment.
LS SA2 the decision that NR MBS in Rel-17 does not support per frequency deployment.

FFS the UE awareness of MBS service, cell reselection and service continuity mechanisms for NR Broadcast service for UE in RRC_IDLE, and RRC_INACITVE.
 Conclusion
Based on the analysis provided above, we have the following observations:
Observation 1
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 2
The area and/or frequency information are provided to lower layer to assist UE to further determine the service availability.
Observation 3
UE relies on information from both service layer (USD), and access layer (system information block) to determine whether a service is available.

Observation 4
There are two mechanisms for UE awareness of eMBMS service: 1) USD + SIB15; 2) USD (frequency information), and the cell broadcast SIB13.

Observation 5
There are two deployment scenarios in LTE eMBMS: 1) per area deployment; 2) per frequency layer deployment.

Observation 6
NR MBS in Rel-17 pursues small and dynamic area deployment.

Observation 7
NR MBS in Rel-17 does not fit into per frequency deployment.

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

Proposal 1
Working assumption: Rel-17 MBS for Broadcast service only pursues per area (frequency-agnostic) deployment.

Proposal 2
LS SA2 the decision that NR MBS in Rel-17 does not support per frequency deployment.

Proposal 3
FFS the UE awareness of MBS service, cell reselection and service continuity mechanisms for NR Broadcast service for UE in RRC_IDLE, and RRC_INACITVE.
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