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Introduction

The work item on NR Multicast and Broadcast services has been agreed at RAN#88 in [2].

According to the Work Item in [2], PTP/PTM switching is the second big area to work on for RAN3. 
At the last RAN3#114 meeting, it was decided to have non-UE associated E1 procedure. The question is FFS for F1 interface.  
This paper provides an overview of the interactions procedures which are needed over F1. Especially it looks at whether there is need for introducing a non-UE associated procedure over F1 or not, reviewing all possible scenarios and call flows.

Fundamental principles

RAN2 has decided that a UE can be in 3 possible Bearer Types: non-split PTP, non-split PTM or split MRB.

Principle 1:

The fundamental principle 1 is that:

· CU CP decides which is the Bearer Type for a UE

· When CU CP has put a UE in split MRB bearer type, then it is the DU which decides the dynamic switch between the RLC PTP leg and the RLC PTM leg. 

The fundamental principle 2 as was agreed at RAN3#114:

Principle 2:

The Llayer PTM configuration can be common for all UEs using the PTM leg.

It is important to note as prerequisite that UE-associated signaling from CU to DU is necessary to make DU aware of the UE joining on a per UE basis. This is because in a given cell the PTM scheduling is first decided. Then the unicast of each UE is to be determined based on the position of the PTM slot, and the capabilities of the UE i.e. for example certain UEs may not support to multiplex unicast in the same slot as PTM.

Principle 3: due to UE capabilities, UE-associated procedures for joining are necessary over F1 interface.

In light of these three fundamental principles, the various call flows are reviewed.

UE joining scenarios
· UE joins and CU decides non-split MRB PTP for the UE
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· UE joins and CU decides non-split MRB PTM for the UE
The scenarios is represented with two subcases: 

Subcase 1: CU CP decides when this UE joins to turn on PTM resources in the cell.

Subcase 2: when the UE joins the PTM resources are already on in the cell.
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The CFR reservation need not be done in advance of the joining: as shown in the upper part of the figure, reserving at the right moment the common resources allows to select the optimum bandwidth part and common PUCCH resources for the MBS service.
In the bottom part of the figure, the bandwidth part of the individual UE may also be included in the UE context setup response by the DU. This is because after the joining the current bandwidth part may not be big enough to accommodate both PTM and unicast for this UE and needs reconfiguration; or the DU simply decides a different bandwidth part. Here again UE associated procedures are needed, even when the PTM configuration is already known in the CU.

· UE joins and CU decides split MRB for the UE 
The first subcase is when CU CP decides when this UE joins to turn on PTM resources in the cell:
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The second subcase is that when the UE joins the PTM resources are already on in the cell:
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· Conclusion
In all scenarios shown above, we can see that when the session is activated, when the CU decides to turn on the PTM configuration in the cell it upon a new UE joining it can simply piggy-back the PTM configuration request in the F1 UE Context Setup/modify Request and DU can piggy-back the PTM configuration in the F1 UE Context Setup/Modify Response message.

This is because the joining indication needs anyway to be set to the UE context in the DU. 

In contrast, in these scenarios when the session is activated, retrieving the PTM configuration via an additional non-UE associated procedure would simply lead to two additional drawbacks:

· More specification impact to add an additional non-UE associated procedure

· More signaling because this non-UE associated procedure would need to be triggered additionally before the UE-associated joining in all the call flows above whenever the PTM configuration needs to be retrieved. 

Activation of the MBS session 

To simplify we describe only the scenarios where PTM is used in the cell (i.e. not the case where PTM resources are not used in the cell which is not relevant to this discussion).

There are two cases:
Case 1 where at activation the gNB would decide that at least for one UE in the cell to be in split MRB

Case 2 where at activation the gNB would decide that all UEs are in non-split MRB PTM only.

It seems obvious that case 1 is the nominal case.

· Case 1: at least one UE is set in split MRB at activation time
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· Case 2: all UEs are set in non-split MRB PTM only at activation time
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In the bottom part of the figure, the UE-associated context setup procedure for the idle UEs need to be individual procedures in order to build and get each UE context from the DU i.e. it would not help to have instead a big non-UE associated message including all UE IDs given that the processing is anyway per UE.
In contrast, using a big non-UE associated message with list of UE IDs would just delay the processing of each individual setup due to the grouping and concatenation delay e.g. group the responses.

The above also applies to inactive UEs since the DU does not keep the UE context for RRC_INACTIVE UEs.

Observation 1:  For RRC idle and RRC INACTIVE UEs , using big non-UE associated messages with list of UE IDs instead of individual UE-associated context setup does not shorten the processing but just delay the individual handing of each UE. 

· Conclusion
For the nominal case 1, again, we can see that the PTM configuration can be piggy-backed in the first F1 context setup modify response message with no additional signalling: this is because the CU needs anyway to put the UE in split MRB to request the DU with the Llayer PtP leg configuration.

In contrast, if a non-ue associated procedure is used, this would have two additional drawbacks:

· More specification impact to add an additional non-ue associatd procedure

· More signalling because this non-ue associated procedure would need to be triggered additionally before the ue-associated joining in all the call flows above whenever the PTM configuration needs to be retrieved. 

For the case 2, the two solutions would be equivalent i.e. either retrieve the PTM configuration by an extra F1 UE context modification request procedure for the first UE, or trigger a non-UE associated procedure.
Conclusion and Proposals
This paper has compared two solutions:

Solution 1: piggybacking the PTM configuration in UE-associated F1 context setup/modify procedure,

Solution 2: introduce a new non-UE associated F1 procedure for CU to retrieve the PTM configuration from DU.

The comparison can be summarized in the following table for the 4 main relevant scenarios:

	
	Solution 1: ue asscoiated
	Solution 2: non-ue associated

	Joining in non-split MRB PTM
	Superior
	More specification impact to add an additional non-ue associated procedure.

More signalling because this non-ue associated procedure would need to be triggered additionally before the ue-associated joining in all the call flows above whenever the PTM configuration needs to be retrieved. 



	Joining in split MRB
	Superior
	More specification impact to add an additional non-ue associatd procedure.

More signalling because this non-ue associated procedure would need to be triggered additionally before the ue-associated joining in all the call flows above whenever the PTM configuration needs to be retrieved. 



	Activation (one UE at least in split MRB bearer type)
	Superior
	More specification impact to add an additional non-ue associatd procedure.

More signalling because this non-ue associated procedure would need to be triggered additionally before the ue-associated joining in all the call flows above whenever the PTM configuration needs to be retrieved. 



	Activation with all UEs in non-split MRB PTM bearer type
	Equal and case not nominal
	


In conclusion there can be two motivations to introduce a non-UE associated procedure over F1:

· Retrieve the common PTM configuration, (1)

· Concatenate multiple UEs in same message for context setup or joining. (2)
For (1) the paper has shown that there is no benefit to introduce a non-UE associated procedure to retrieve the common PTM configuration, only additional drawbacks. The MBS context can be similarly piggy-backed in the UE-associated F1 Context Setup to the DU.

For (2) the paper has also shown that using non-UE associated message with list of UE IDs is also more damaging than helping because the UE context processing is anyway individual and this would only introduce grouping and concatenation delay.

Proposal 1: agree that there is no need to introduce a non-UE associated procedure over F1.

Proposal 2: agree the TP below to implement MBS in F1AP using UE-associated procedures.
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8.3.1.2
Successful Operation
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Figure 8.3.1.2-1: UE Context Setup Request procedure: Successful Operation

The gNB-CU initiates the procedure by sending UE CONTEXT SETUP REQUEST message to the gNB-DU. If the gNB-DU succeeds to establish the UE context, it replies to the gNB-CU with UE CONTEXT SETUP RESPONSE. If no UE-associated logical F1-connection exists, the UE-associated logical F1-connection shall be established as part of the procedure. 
Not modified
If the MBS Session Information IE is included in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall, if supported, store the MBS Sessions which the UE has joined or left in the UE context. If the MBS Context To Add IE is included  for an MBS session, the gNB-DU shall assign a G-RNTI for this MBS session and a DL UP TNL Information for the shared F1-U tunnel of each MRB successfully setup and include them in the MBS Context Added or Modified IE within the MBS Session Information Response IE of the UE CONTEXT SETUP REQUEST message. 
8.3.4.2
Successful Operation

[image: image8.wmf] 

UE CONTEXT MODIFICATION RESPONSE

 

UE 

CONTEXT 

MODIFICATION REQUEST

 

gNB

-

DU

 

gNB

-

CU

 


Figure 8.3.4.2-1: UE Context Modification procedure. Successful operation

The UE CONTEXT MODIFICATION REQUEST message is initiated by the gNB-CU.

Upon reception of the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall perform the modifications, and if successful reports the update in the UE CONTEXT MODIFICATION RESPONSE message.

Not modified 

If the MBS Session Information IE is included in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall, if supported, store the MBS Sessions which the UE has joined or left in the UE context. If the MBS Context To Add IE is included for an MBS session, the gNB-DU shall assign a G-RNTI for this MBS session and a DL UP TNL Information for the shared F1-U tunnel of each MRB successfully setup and include them in the MBS Context Added or Modified IE within the MBS Session Information Response IE. If the MBS Context To Modify IE is included, the gNB-DU shall modify or release the indicated existing MRBs and assign a DL UP TNL Information for the shared F1-U tunnel of each new MRB successfully setup and include them in the MBS Context Added or Modified IE within the MBS Session Information Response IE
Not modified 

9.2.2
UE Context Management messages

9.2.2.1
UE CONTEXT SETUP REQUEST

This message is sent by the gNB-CU to request the setup of a UE context.
Direction: gNB-CU ( gNB-DU. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M 
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID 
	O
	
	9.3.1.5
	
	YES
	ignore

	SpCell ID
	M
	
	NR CGI

9.3.1.12
	Special Cell as defined in TS 38.321 [16]. For handover case, this IE is considered as target cell.
	YES
	reject

	ServCellIndex
	M
	
	INTEGER (0..31,...)
	
	YES
	reject

	SpCell UL Configured
	O
	
	Cell UL Configured

9.3.1.33
	
	YES
	ignore

	CU to DU RRC Information
	M
	
	9.3.1.25
	
	YES
	reject

	Not modified
	
	
	
	
	
	

	>Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	
	YES
	ignore

	Management Based MDT PLMN List
	O 
	
	MDT PLMN List

9.3.1.151
	
	YES
	ignore

	Serving NID
	O
	
	9.3.1.155
	
	YES
	reject

	F1-C Transfer Path
	O
	
	9.3.1.207
	
	YES
	reject

	MBS Session Information 
	O
	
	9.3.1.x1
	
	YES
	ignore


9.2.2.2
UE CONTEXT SETUP RESPONSE

This message is sent by the gNB-DU to confirm the setup of a UE context.
Direction: gNB-DU ( gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	DU To CU RRC Information
	M
	
	9.3.1.26
	
	YES
	reject

	C-RNTI
	O
	
	9.3.1.32
	C-RNTI allocated at the gNB-DU
	YES
	ignore

	SL DRB Failed To Setup List
	
	0..1
	
	
	EACH
	ignore

	>SL DRB Failed To Setup Item IE
	
	1 .. <maxnoofSLDRBs>
	
	
	EACH
	ignore

	>>SL DRB ID
	M
	
	9.3.1.120
	
	-
	

	Not modified
	
	
	
	
	
	

	Requested Target Cell ID
	O
	
	NR CGI

9.3.1.12
	Special Cell indicated in the UE CONTEXT SETUP REQUEST message.
	YES
	reject

	MBS Session Response
	O
	
	9.3.1.y
	
	YES
	reject


9.2.2.7
UE CONTEXT MODIFICATION REQUEST

This message is sent by the gNB-CU to provide UE Context information changes to the gNB-DU.
Direction: gNB-CU ( gNB-DU

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	SpCell ID
	O
	
	NR CGI

9.3.1.12
	Special Cell as defined in TS 38.321 [16]. For handover case, this IE is considered as target cell.
	YES
	ignore

	ServCellIndex
	O
	
	INTEGER (0..31, ...)
	
	YES
	reject

	SpCell UL Configured
	O
	
	Cell UL Configured

9.3.1.33
	
	YES
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	Inactivity Monitoring Request
	O
	
	ENUMERATED (true, ...)
	
	YES
	reject

	Not modified
	
	
	
	
	
	

	Conditional Intra-DU Mobility Information
	O
	
	
	
	YES
	reject

	>CHO Trigger
	M
	
	ENUMERATED (CHO-initiation, CHO-replace, CHO-cancel, …)
	
	-
	-

	>Candidate Cells To Be Cancelled List
	C-ifCHOcancel
	0 .. <maxnoofCellsinCHO>
	
	
	-
	-

	>>Target Cell ID
	M
	
	NR CGI

9.3.1.12
	
	-
	-

	>Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	
	YES
	ignore

	F1-C Transfer Path
	O
	
	9.3.1.207
	
	YES
	reject

	SCG Indicator
	O
	
	ENUMERATED(released,...)
	This IE is used at the MN in NR-DC and NE-DC and it indicates the release of an SCG
	YES
	ignore

	MBS Session Information
	O
	
	
	
	YES
	ignore


9.2.2.8
UE CONTEXT MODIFICATION RESPONSE

This message is sent by the gNB-DU to confirm the modification of a UE context.

Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the SgNB Resource Coordination Information IE as defined in subclause 9.2.117 of TS 36.423 [9] for EN-DC case or MR-DC Resource Coordination Information IE as defined in TS 38.423 [28] for NGEN-DC and NE-DC cases.
	YES
	ignore

	DU To CU RRC Information


	O
	
	9.3.1.26
	
	YES
	reject

	Not modified
	
	
	
	
	
	

	DRB Setup List
	
	0..1
	
	The List of DRBs which are successfully established.
	YES
	ignore

	>BH RLC Channel Failed to be Modified Item 
	
	1 .. <maxnoofBHRLCChannels>
	
	
	EACH
	ignore

	>>BH RLC CH ID
	M
	
	9.3.1.113
	
	-
	

	>>Cause
	O
	
	9.3.1.2
	
	-
	

	SL DRB Setup List
	
	0..1
	
	The List of SL DRBs which are successfully established.
	YES
	ignore

	>>SL DRB ID
	M
	
	9.3.1.120
	
	-
	

	>>cause
	O
	
	9.3.1.2
	
	-
	

	Requested Target Cell ID
	O
	
	NR CGI

9.3.1.12
	Special Cell indicated in the UE CONTEXT MODIFICATION REQUEST message.
	YES
	reject

	MBS Session Response
	
	
	
	
	
	


9.3.1.x1
MBS Session Information 

This IE contains information concerning a list of MBS Sessions which UE has joined or left or which require modification.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	MBS Session List
	
	0..1
	
	

	>MBS Session Item
	
	1..<maxnoofMBSSessions>
	
	

	>>MBS Session ID
	M
	
	9.3.1.x
	

	>>Choice MBS action
	M
	
	
	

	  >>> join MBS session
	M
	
	
	

	   >>>> MBS Context to Add
	O
	
	9.3.1.a
	

	  >>> modify MBS session
	M
	
	
	

	   >>>> MBS Context to Modify
	O
	
	9.3.1.b
	

	  >>> leave MBS session
	M
	
	NULL
	


	Range bound
	Explanation

	maxnoofMBSSessions
	Maximum no. of MBS Sessions. Value is FFS.


9.3.1.x2
MBS Session Information Response
This IE contains information provided by the gNB-DU on a list of MBS Sessions.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	MBS Session Response List
	
	0..1
	
	

	>MBS Session Response Item
	
	1..<maxnoofMBSSessions>
	
	

	>>MBS Session ID
	M
	
	9.3.1.x
	

	>>MBS Context Added or Modified
	M
	
	9.3.1.x
	


	Range bound
	Explanation

	maxnoofMBSSessions
	Maximum no. of MBS Sessions. Value is FFS.


9.3.1.a
MBS Context to Add 

This IE contains information for an MBS session when joined by the first UE in the cell.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	CU To DU MBS RRC Information
	M
	
	FFS
	
	YES
	reject

	MRB to Be Setup List
	
	1 .. <maxnoofMRBs> 
	
	
	YES
	reject

	>MRB ID
	M
	
	FFS
	
	-
	

	>MRB QoS
	M
	
	DRB QoS

9.3.1.45
	
	-
	

	>S-NSSAI
	M
	
	9.3.1.38
	
	-
	

	>Flows Mapped to MRB Item
	
	1 .. <maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Identifier
	M
	
	9.3.1.63
	
	-
	

	>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.45
	
	-
	

	>UL UP TNL Information
	M
	
	UP Transport Layer Information

9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of F1-UP UL information.
	-
	


9.3.1.b
MBS Context to Modify
This IE contains information for an existing MBS session requiring modification.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	CU To DU MBS RRC Information
	M
	
	FFS
	
	YES
	reject

	MRB to Be Setup or Modified List
	
	0 .. <maxnoofMRBs> 
	
	
	YES
	reject

	>MRB ID
	M
	
	FFS
	
	-
	

	>MRB QoS
	O
	
	DRB QoS

9.3.1.45
	
	-
	

	>Flows Mapped to MRB Item
	
	0 .. <maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Identifier
	M
	
	9.3.1.63
	
	-
	

	>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.45
	
	-
	

	MRB to Be Released List
	
	0 .. <maxnoofMRBs> 
	
	
	YES
	reject

	>MRB ID
	M
	
	FFS
	
	-
	


9.3.1.a
MBS Context Added or Modified
This IE contains the result of actions following request to add or modify the MBS context of an MBS Session.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	DU To CU MBS RRC Information
	M
	
	FFS
	
	YES
	reject

	G-RNTI
	O
	
	FFS
	
	YES
	ignore

	MRB Setup List
	
	1 .. <maxnoofMRBs>
	
	MRBs successfully setup.
	YES
	ignore

	>MRB ID
	M
	
	FFS
	
	-
	

	>DL UP TNL Information
	M
	
	UP Transport Layer Information

9.3.2.1
	gNB-DU endpoint of the F1 transport bearer. For delivery of DL PDUs.
	-
	

	MRB Failed to Setup or Modify List
	
	0 .. <maxnoofMRBs>
	
	
	YES
	ignore

	>MRB ID
	M
	
	FFS
	
	-
	

	>Cause
	O
	
	9.3.1.2
	
	-
	

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore
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