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 Introduction

Analyses to bearer management based on the latest RAN3 progress are provided.

 Flow control

In RAN3 114e meeting, it was confirmed that for the use of DL flow control in the shared F1-U tunnel is optional.

It is network decision to have DL flow control or not.

# No DL flow control

In case of No DL flow control, existing NR user plane protocol functions can work without any spec enhancement.
RAN3#114e:

For Broadcast and Multicast, optional use of DL flow control in the shared F1-U tunnel. 

In case of no DL flow control, current NR user plane protocol functions can already work for the share F1-U tunnel per DU.
Per shared DU tunnel for one MRB works with existing NR user plane protocol function.

# in case of DL flow control

It was also confirmed that existing NR user plane protocol functions need to be reviewed for their applicability for MBS, and no additional protocol elements required to be specified in TS 38.425 for support of BC MBS NR. That is to say, the basic framework for DDDS will be based on the unicast, e.g., the report format and IE.
For split MRB with common PDCP, shared F1-U tunnel is used, existing NR user plane protocol functions need to be reviewed for their applicability for MBS.

If F1-U flow control is applied for NR MBS

-
Reuse existing PDU Type 0 and Type 1 to support flow control for multicast and broadcast

-
No additional protocol elements required to be specified in TS 38.425 for support of BC MBS NR

-
Discussions on additional procedure text are necessary for the DDDS procedure to clarify how to specify how the receiving node shall interpret the contained information in case DDDS is applied on an MRB.

Based on RAN2 progress, there will be AM MRB and UM MRB. For AM MRB it was defined in RAN2 running CR (R2-2111658) that an AM MRB is associated with an AM RLC bearer for PTP transmission. So it can be a PTP only MRB or an MRB with both AM RLC leg and one UM RLC leg.
AM MRB: An MRB associated with an AM RLC bearer for PTP transmission.

There will be UM MRB as well although it was not defined yet. UM MRB can be used for both multicast and broadcast where only UM mode PTP or PTM RLC are configured.

In the following discussion, we have the following definition: 

UM DRB: An MRB associated with an UM RLC bearer for PTP transmission, PTM transmission or both.
For such kinds of new RBs, Since DU is able to do the local buffer management and dynamic mode switch, a more flexible manner is to allow DU to form the DDDS report by itself and mode switch/scheduling decision.

DU generates the DDDS report for MRB with a shared F1-U tunnel by implementation (e.g., mode switch/scheduling decision), i.e, no spec impacts.
However for CU, its understanding of the DDDS report shall be specified, i.e., the CU behaviour shall be defined when a shared tunnel is used, when DDDS report is sent from DU. CU does the buffer management based on the MRB type and the corresponding DDDS report. Since one CU might be service multiple DUs, therefore based on the report from one DU, CU might not be able to determine whether to remove the buffer. Therefore we suggest the following wording: 
For AM MRB, after the highest NR PDCP PDU sequence number successfully delivered in sequence is reported to the node hosting the NR PDCP entity, the corresponding node is able to remove the respective NR PDCP PDUs. 

For UM MRB, the corresponding node may remove the respective NR PDCP PDUs after transmitting to lower layers.

Agree the TP to TS 38.425 in following section.

 F1AP & E1AP
It was still FFS on F1AP and E1AP operation, per UE or per MBS.
For Multicast, reuse the existing UE-associated F1AP procedures to provide per UE the joined MBS Session IDs, further FFS UE specific MBS information and MBS context information (FFS).

Introduce a set of E1 procedures to control NR MBS resources in gNB-CU-UP including NG-U and F1-U terminations. FFS whether the E1 procedures are defined to apply for both, BC and MC. FFS whether the E1 procedures are defined on MRB context or MBS Session level.

We’d like to follow NG-C design as guideline to have a common signaling for both E1 and F1, just as on NG-C, it is one common signaling to (based on 23247)
RAN UP resources establishment
Multicast activation/deactivation
For common configuration, a common signaling is used. 
The F1-U shared bearer release setup is performed by means of a separate non-UE associated F1AP procedure

The E1 MRB context release setup is performed by means of a separate non-UE associated E1AP procedure

 Conclusion
Observation 1
It is network decision to have DL flow control or not.

Observation 2
In case of no DL flow control, current NR user plane protocol functions can already work for the share F1-U tunnel per DU.

Observation 3
For common configuration, a common signaling is used. 

Proposal 1
Per shared DU tunnel for one MRB works with existing NR user plane protocol function.

Proposal 2
DU generates the DDDS report for MRB with a shared F1-U tunnel by implementation (e.g., mode switch/scheduling decision), i.e, no spec impacts.

Proposal 3
Agree the TP to TS 38.425 in following section.

Proposal 4
The F1-U shared bearer release setup is performed by means of a separate non-UE associated F1AP procedure

Proposal 5
The E1 MRB context release setup is performed by means of a separate non-UE associated E1AP procedure

 TP for BLCR of TS 38.425
------------------------------Start of the Changes----------------------------
3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Corresponding node: a node interacting with a node hosting NR PDCP for flow control. In an IAB network, this is the IAB-DU serving the UE for the corresponding data radio bearer.
Master node: as defined in TS 37.340 [3].

Secondary node: as defined in TS 37.340 [3].

AM MRB: An MRB associated with an AM RLC bearer for PTP transmission.

UM DRB: An MRB associated with an UM RLC bearer for PTP transmission, PTM transmission or both.
------------------------------End of the Changes----------------------------
------------------------------Start of the Changes----------------------------
5
NR user plane protocol

5.1
General

The NR user plane protocol layer is using services of the transport network layer in order to allow flow control of user data packets transferred from the node hosting NR PDCP to the corresponding node.
For Broadcast and Multicast, optional use of DL flow control in the shared F1-U tunnel.
------------------------------End of the Changes----------------------------
------------------------------Start of the Changes----------------------------
5.4.2
Downlink Data Delivery Status

5.4.2.1
Successful operation

The purpose of the Downlink Data Delivery Status procedure is to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the downlink user data flow via the corresponding node for the respective data radio bearer. The corresponding node may also transfer uplink user data for the concerned data radio bearer to the node hosting the NR PDCP entity together with a DL DATA DELIVERY STATUS frame within the same GTP-U PDU.

The Downlink Data Delivery Status procedure is also used to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the successful delivery of DL control data to the corresponding node.

When the corresponding node decides to trigger the feedback for Downlink Data Delivery procedure it shall report as specified in section 5.2:

a)
in case of RLC AM, the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs;

b)
the desired buffer size in bytes for the concerned data radio bearer;

c)
optionally, the desired data rate in bytes associated with a specific data radio bearer configured for the UE;

d)
the NR-U packets that were declared as being "lost" by the corresponding node and have not yet been reported to the node hosting the NR PDCP entity within the DL DATA DELIVERY STATUS frame;

e)
if retransmission NR PDCP PDUs have been delivered, the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs successfully delivered to the UE in sequence of NR-U sequence number;

f)
if retransmission NR PDCP PDUs have been transmitted to the lower layers, the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs transmitted to the lower layers in sequence of NR-U sequence number;

g)
the highest NR PDCP PDU sequence number transmitted to the lower layers among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs;

NOTE:
If a deployment has decided not to use the Transfer of Downlink User Data procedure, d), e) and f)  above are not applicable.

e)
in case of RLC AM, the NR PDCP PDU sequence number successfully delivered out of sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs.

f)
in case of MRB of MBS delivery of a shared F1-U tunnel, whether and how the flow control applies depend on network implementation.
------------------------------End of the Changes----------------------------

5.4.2
Downlink Data Delivery Status

5.4.2.1
Successful operation

The purpose of the Downlink Data Delivery Status procedure is to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the downlink user data flow via the corresponding node for the respective data radio bearer. The corresponding node may also transfer uplink user data for the concerned data radio bearer to the node hosting the NR PDCP entity together with a DL DATA DELIVERY STATUS frame within the same GTP-U PDU.

The Downlink Data Delivery Status procedure is also used to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the successful delivery of DL control data to the corresponding node.

When the corresponding node decides to trigger the feedback for Downlink Data Delivery procedure it shall report as specified in section 5.2:

a)
in case of RLC AM, the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs;

b)
the desired buffer size in bytes for the concerned data radio bearer;

c)
optionally, the desired data rate in bytes associated with a specific data radio bearer configured for the UE;

d)
the NR-U packets that were declared as being "lost" by the corresponding node and have not yet been reported to the node hosting the NR PDCP entity within the DL DATA DELIVERY STATUS frame;

e)
if retransmission NR PDCP PDUs have been delivered, the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs successfully delivered to the UE in sequence of NR-U sequence number;

f)
if retransmission NR PDCP PDUs have been transmitted to the lower layers, the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs transmitted to the lower layers in sequence of NR-U sequence number;

g)
the highest NR PDCP PDU sequence number transmitted to the lower layers among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs;

NOTE:
If a deployment has decided not to use the Transfer of Downlink User Data procedure, d), e) and f)  above are not applicable.

e)
in case of RLC AM, the NR PDCP PDU sequence number successfully delivered out of sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs.
As soon as the corresponding node detects the successful RACH access by the UE for the corresponding data radio bearer(s), the corresponding node shall send initial DL DATA DELIVERY STATUS frame to the node(s) hosting the NR PDCP entity(ies). The node hosting NR PDCP entity may start sending DL data before receiving the initial DL DATA DELIVERY STATUS frame. In case the DL DATA DELIVERY STATUS frame is sent before any NR PDCP PDU is transferred to lower layers, the information on the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE and the highest NR PDCP PDU sequence number transmitted to the lower layers may not be provided.

The DL DATA DELIVERY STATUS frame shall also include a final frame indication when this frame is the last DL status report. When receiving such indication, the node hosting the NR PDCP entity considers that no more UL or DL data is expected to be transmitted between the corresponding node and the UE.

The DL DATA DELIVERY STATUS frame may also include an indication of detected radio link outage or radio link resume for the concerned data radio bearer. When receiving an indication of radio link outage detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is unavailable at the corresponding node both in UL and DL. When receiving an indication of radio link resume detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is available at the corresponding node both in UL and in DL. When receiving an indication of UL or DL radio link outage detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is unavailable at the corresponding node for UL or DL, depending on the indicated outage. When receiving an indication of UL or DL radio link resume detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is available at the corresponding node in UL or in DL, depending on the indicated resume.

The node hosting the NR PDCP entity, when receiving the DL DATA DELIVERY STATUS frame:

-
regards the desired buffer size under b) and the data rate under c) above as the amount of data to be sent from the hosting node:

-
If the value of the desired buffer size is 0, the hosting node shall stop sending any data per bearer.

-
If the value of the desired buffer size in b) above is greater than 0, the hosting node may send up to this amount of data per bearer starting from the last "Highest successfully delivered NR PDCP Sequence Number" for RLC AM if received, or the hosting node may send up to this amount of data per bearer starting from the last "Highest transmitted NR PDCP Sequence Number" for RLC UM if received.

-
The value of the desired data rate in c) above is the amount of data desired to be received in a specific amount of time. The amount of time is 1 sec.
-
The information of the buffer size in b) above and of the data rate in c) above is valid until the next DL DATA DELIVERY STATUS frame is received.

-
is allowed to remove the buffered NR PDCP PDUs of a RLC AM bearer, according to the feedback of successfully delivered NR PDCP PDUs;

-
decides upon the actions necessary to take for NR PDCP PDUs reported other than transmitted and/or successfully delivered.

In case of RLC AM, after the highest NR PDCP PDU sequence number successfully delivered in sequence is reported to the node hosting the NR PDCP entity, the corresponding node removes the respective NR PDCP PDUs. For RLC UM, the corresponding node may remove the respective NR PDCP PDUs after transmitting to lower layers.
For AM MRB, after the highest NR PDCP PDU sequence number successfully delivered in sequence is reported to the node hosting the NR PDCP entity, the corresponding node is able to remove the respective NR PDCP PDUs. 

For UM MRB, the corresponding node may remove the respective NR PDCP PDUs after transmitting to lower layers.
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Figure 5.4.2.1-1: Successful Downlink Data Delivery Status

5.4.2.2
Unsuccessful operation

Void.

------------------------------End of the Changes----------------------------
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