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1. Introduction

SA2 has introduced the Core Network Packet Delay Budget (CN PDB) in release 16. CN PDB represents the delay between any UPF terminating N6 (that may possibly be selected for the PDU Session) and the 5G-AN.

The CN PDB allows the RAN node to estimate the delay budget that applies to the radio interface, by subtracting the CN PDB from the PDB. As stated in TS 23.501, for GBR QoS Flows using the Delay-critical resource type, in order to obtain a more accurate delay budget PDB available for the NG-RAN, a dynamic value for the CN PDB can be used, instead of the static value for the CN PDB (which is only related to the 5QI).
The dynamic value can be configured in the RAN node, or in the SMF. In the latter case, it is signalled to the RAN during the appropriate procedures as stated in TS 23.501.
Currently in RAN3 specifications, the minimum value of signalled CN PDB is 0.5 ms (which is the same as the granularity). At RAN3#105bis, it was agreed that granularity less than 0.5ms is needed (exact value FFS) for industrial deployments. 
This document discusses this issue and provides a TP for the baseline CR. Other specifications will also be impacted, but since they have no baseline CRs, it is useful to agree first the change for TS 38.413.
2. Discussion of CN PDB granularity

Since the CN PDB is used to derive the air interface delay budget, using the overall Packet Delay Budget as the global target, it follows that CN PDB is a portion of the PDB.

The PDB granularity is currently defined in the RAN interfaces at 0.5ms, as below:

9.3.1.80
Packet Delay Budget
This IE indicates the Packet Delay Budget for a QoS flow.

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

	Packet Delay Budget
	M
	
	INTEGER (0..1023, …)
	Upper bound value for the delay that a packet may experience expressed in unit of 0.5ms.


Note that, from the table of standardized 5QIs in TS 23.501, the lowest PDB value (for delay critical GBR) is 5ms. Therefore, just in terms of standardized 5QIs, it may be reasonable to follow the same definition as above for CN PDB, since the resulting granularity is equal to or less than 10% of the PDB value. In fact, the lowest values of CN PDB for standardized 5QI Delay Critical GBR flows are in the range of 1-5ms. However even for a PDB of 5ms, it could be argued that a finer granularity than 0.5ms could be useful for the RAN node.

Further, if we consider the range of applications in the relevant SA1 study (TS 22.104), we find that some require transfer times (overall latency) below 5ms, and as low as 0.5ms. Examples include motion control and mobile robots. Obviously, these applications require much tighter control of network topology, to achieve a lower CN PDB. However, using the above format for CN PDB would be of very little use in such environments.
It would therefore seem to make sense to increase the granularity of CN PDB compared to that of PDB. 
Proposal 1: When introducing the CN Packet Delay Budget IE, ensure that this is more granular than the existing Packet Delay Budget IE.

How to do this can be further discussed. If we reuse the existing Packet Delay Budget IE, we would need to extend its range; but this would automatically impact also the existing total Packet Delay Budget, and some issues of backward compatibility arise.

It may therefore be safer to introduce a new IE. Also, if we introduce a new IE, it may be easier to allow it to be applied to the total Packet Delay Budget in a more backward compatible manner.

The granularity may also be discussed. We propose to set this to 10µs for future proofness.
Proposal 2: Consider introducing a new IE for higher granularity and consider applying this to the overall PDB as an optional feature.

The annex provides the resulting text proposal along the lines of the above. 
3. Conclusions
From a brief review of the potential requirements for low packet delay budgets in certain industrial applications, we have concluded that the current PDB’s granularity is too coarse and should be improved at least in respect of the CN PDB. A text proposal is provided in the annex.
Proposal 1: When introducing the CN Packet Delay Budget IE, ensure that this is more granular than the existing Packet Delay Budget IE.

Proposal 2: Consider introducing a new IE for higher granularity and consider applying this to the overall PDB as an optional feature.

4. Annex: Text Proposal
9.3.1.10
GBR QoS Flow Information

This IE indicates QoS parameters for a GBR QoS flow for downlink and uplink.

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

	Maximum Flow Bit Rate Downlink
	M
	
	Bit Rate

9.3.1.4
	Maximum Bit Rate in DL. Details in TS 23.501 [9].
	-
	-

	Maximum Flow Bit Rate Uplink
	M
	
	Bit Rate

9.3.1.4
	Maximum Bit Rate in UL. Details in TS 23.501 [9].
	-
	-

	Guaranteed Flow Bit Rate Downlink
	M
	
	Bit Rate

9.3.1.4
	Guaranteed Bit Rate (provided there is data to deliver) in DL. Details in TS 23.501 [9].
	-
	-

	Guaranteed Flow Bit Rate Uplink
	M
	
	Bit Rate

9.3.1.4
	Guaranteed Bit Rate (provided there is data to deliver). Details in TS 23.501 [9].
	-
	-

	Notification Control
	O
	
	ENUMERATED (notification requested, ...) 
	Details in TS 23.501 [9].
	-
	-

	Maximum Packet Loss Rate Downlink
	O
	
	Packet Loss Rate

9.3.1.79
	Indicates the maximum rate for lost packets that can be tolerated in the downlink direction. Details in TS 23.501 [9].
	-
	-

	Maximum Packet Loss Rate Uplink
	O
	
	Packet Loss Rate

9.3.1.79
	Indicates the maximum rate for lost packets that can be tolerated in the uplink direction. Details in TS 23.501 [9].
	-
	-

	CN Packet Delay Budget
	O
	
	Extended Packet Delay Budget

9.3.1.X
	Delay between the UPF and the NG-RAN node as specified in TS 23.501 [9].

This IE may be present in case of Delay Critical GBR QoS flows, and is ignored otherwise.
	YES
	ignore


>>> NEXT CHANGE <<<
9.3.1.18
Dynamic 5QI Descriptor

This IE indicates the QoS Characteristics for a Non-standardised or not pre-configured 5QI for downlink and uplink.

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

	Priority Level
	M
	
	9.3.1.84
	Priority Level is specified in TS 23.501 [9].
	-
	-

	Packet Delay Budget
	M
	
	9.3.1.80
	Packet Delay Budget is specified in TS 23.501 [9]. Ignored if the Extended Packet Delay Budget is present.
	-
	-

	Packet Error Rate
	M
	
	9.3.1.81
	Packet Error Rate is specified in TS 23.501 [9].
	-
	-

	5QI
	O
	
	INTEGER (0..255, …)
	Indicates the dynamically assigned 5QI as specified in TS 23.501 [9].
	-
	-

	Delay Critical
	C-ifGBRflow
	
	ENUMERATED (delay critical, non-delay critical, …)
	Indicates whether the GBR QoS flow is delay critical as specified in TS 23.501 [9].
	-
	-

	Averaging Window
	C-ifGBRflow 
	
	9.3.1.82
	Averaging Window is specified in TS 23.501 [9].
	-
	-

	Maximum Data Burst Volume
	O
	
	9.3.1.83
	Maximum Data Burst Volume is specified in TS 23.501 [9]. This IE shall be included if the Delay Critical IE is set to “delay critical” and is ignored otherwise.
	-
	-

	Extended Packet Delay Budget
	O
	
	9.3.1.X
	If present, indicates the Packet Delay Budget specified in TS 23.501 [9]. 
	YES
	ignore


	Condition
	Explanation

	ifGBRflow
	This IE shall be present if the GBR QoS Flow Information IE is present in the QoS Flow Level QoS Parameters IE.


>>> NEXT CHANGE <<<
9.3.1.X
Extended Packet Delay Budget
This IE indicates the Packet Delay Budget for a QoS flow.

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

	Extended Packet Delay Budget
	M
	
	INTEGER (0..65535, …)
	Upper bound value for the delay that a packet may experience expressed in unit of 0.01 ms.


>>> NEXT CHANGE <<<
9.4.5
Information Element Definitions

-- ASN1START

-- **************************************************************

--

-- Information Element Definitions

--

-- **************************************************************

NGAP-IEs {

itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 

ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

IMPORTS


id-AdditionalDLForwardingUPTNLInformation,


id-AdditionalDLQosFlowPerTNLInformation,


id-AdditionalDLUPTNLInformationForHOList,


id-AdditionalNGU-UP-TNLInformation,


id-AdditionalUL-NGU-UP-TNLInformation,


id-Cause,


id-CNTypeRestrictionsForEquivalent,


id-CNTypeRestrictionsForServing,


id-CommonNetworkInstance,

id-DataForwardingNotPossible,


id-DL-NGU-UP-TNLInformation,


id-EndpointIPAddressAndPort,


id-LastEUTRAN-PLMNIdentity,


id-LocationReportingAdditionalInfo,


id-MaximumIntegrityProtectedDataRate-DL,


id-NetworkInstance,


id-OldAssociatedQosFlowList-ULendmarkerexpected,


id-PDUSessionAggregateMaximumBitRate,


id-PDUSessionResourceFailedToSetupListCxtFail,


id-PDUSessionResourceReleaseResponseTransfer,


id-PDUSessionType,


id-PSCellInformation,


id-QosFlowAddOrModifyRequestList,


id-QosFlowSetupRequestList,


id-QosFlowToReleaseList,


id-SecondaryRATUsageInformation,


id-SecurityIndication,


id-SecurityResult,


id-S-NSSAI,


id-TNLAssociationTransportLayerAddressNGRAN,


id-UL-NGU-UP-TNLInformation,


id-UL-NGU-UP-TNLModifyList,


id-ULForwarding,


id-ULForwardingUP-TNLInformation,

id-ExtendedPacketDelayBudget,

maxnoofAllowedAreas,

maxnoofAllowedS-NSSAIs,


maxnoofBPLMNs,


maxnoofCellIDforWarning
>>> NEXT CHANGE <<<
Dynamic5QIDescriptor ::= SEQUENCE {


priorityLevelQos


PriorityLevelQos,


packetDelayBudget


PacketDelayBudget,


packetErrorRate



PacketErrorRate,


fiveQI





FiveQI












OPTIONAL,


delayCritical



DelayCritical










OPTIONAL,

-- The above IE shall be present in case of GBR QoS flow


averagingWindow



AveragingWindow










OPTIONAL,

-- The above IE shall be present in case of GBR QoS flow


maximumDataBurstVolume

MaximumDataBurstVolume








OPTIONAL,


iE-Extensions

ProtocolExtensionContainer { {Dynamic5QIDescriptor-ExtIEs} }
OPTIONAL,


...

}

Dynamic5QIDescriptor-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {


{ ID id-ExtendedPacketDelayBudget
CRITICALITY ignore
TYPE ExtendedPacketDelayBudget

PRESENCE optional },...

}

>>> NEXT CHANGE <<<
ExpectedUEMovingTrajectoryItem-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {


...

}

ExtendedPacketDelayBudget ::= INTEGER (0..65535, ...)

>>> NEXT CHANGE <<<
-- G

GBR-QosInformation ::= SEQUENCE {


maximumFlowBitRateDL

BitRate,


maximumFlowBitRateUL

BitRate,


guaranteedFlowBitRateDL

BitRate,


guaranteedFlowBitRateUL

BitRate,


notificationControl


NotificationControl








OPTIONAL,


maximumPacketLossRateDL

PacketLossRate









OPTIONAL,


maximumPacketLossRateUL

PacketLossRate









OPTIONAL,


iE-Extensions

ProtocolExtensionContainer { {GBR-QosInformation-ExtIEs} }
OPTIONAL,


...

}

GBR-QosInformation-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {

{ ID id-ExtendedPacketDelayBudget
CRITICALITY ignore
TYPE ExtendedPacketDelayBudget

PRESENCE optional },

...}

>>> NEXT CHANGE <<<
9.4.7
Constant Definitions

-- ASN1START

-- **************************************************************

--

-- Constant definitions

--

-- **************************************************************

>>> NEXT CHANGE <<<

id-NewGUAMI











ProtocolIE-ID ::= 162


id-ULForwarding










ProtocolIE-ID ::= 163


id-ULForwardingUP-TNLInformation





ProtocolIE-ID ::= 164


id-CNAssistedRANTuning








ProtocolIE-ID ::= 165


id-CommonNetworkInstance







ProtocolIE-ID ::= 166


id-NGRAN-TNLAssociationToRemoveList





ProtocolIE-ID ::= 167


id-TNLAssociationTransportLayerAddressNGRAN



ProtocolIE-ID ::= 168


id-EndpointIPAddressAndPort







ProtocolIE-ID ::= 169


id-LocationReportingAdditionalInfo





ProtocolIE-ID ::= 170


id-SourceToTarget-AMFInformationReroute




ProtocolIE-ID ::= 171

id-ExtendedPacketDelayBudget






ProtocolIE-ID ::= XXX

