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Introduction

Due to the increasing RRM dependency on vendor specific choices, algorithms and architecture, having the Node B resource utilisation monitored and controlled by means of linear measurement models in the RNC is not sufficient for an optimal RRM solution.

The proposal presented in this document introduces a generic congestion reporting mechanism in NBAP, aiming to allow Node B to indicate the detection of internal resource congestion and indicating efficient resolving actions to the CRNC. The CRNC can react on this congestion indication by requesting reduction of the rate of connection (-parts) or the release of (parts of) connections towards the SRNC. The reporting optionally also allows the Node B to indicate directly which (part of) connections should be targeted in case resource congestion occurs. 
The existing RNSAP mechanism, i.e. RADIO LINK PREEMPTION REQUIRED INDICATION and RADIO LINK  CONGESTION INDICATION, are not changed and can interwork well with the proposed new NBAP mechanisms.

Indication of congestion

In case congestion is detected by a Node B, the Node B sends a congestion indication towards the CRNC. The congestion indication provides cause information to indicate the reason for congestion, separate for UL and DL:

· lack of scheduling power

· lack of HS-SCCH codes

· lack of HS-DPSCH codes

· lack of scheduler HW (e.g. HW for scheduler in DL is lacking)

· lack of total HW (e.g. HW for R99 in DL is lacking, HW for both EUL and R99 in UL is lacking)

The congestion indication allocates one congestion ID per congestion event, allowing different causes for congestion to be simultaneously “active” in the CRNC. For example:

· t1: congestion ID=x, DLcause=lack of scheduling power

· t2: congestion ID=y, DLcause=lack of HS-DPSCH codes

· t3: congestion ID=z, ULcause=lack of total HW

· t4: congestion ID=a, DLcause=lack of total HW
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The CRNC can take actions depending on the combination of causes indicated for all the active congestion IDs. In order to enable the CRNC to re-allocate resources in an efficient way, the congestion indication indicates the highest ARP priority level of the connection (parts) suffering from the congestion situation. For example:

· t1: congestion ID=x, suffering connection  parts have highest ARP = 3

· t2: congestion ID=x, suffering connection  parts have highest ARP = 7

· t3: congestion ID=x, suffering connection  parts have highest ARP = 15

ARP level 15 (‘no priority’) is proposed to be used to indicate the resolution of a congestion situation with a certain congestion ID, i.e. that a particular congestion situation has ceased.

As a complement or alternative to indication of the highest congested ARP level, the Node B may indicate to the CRNC the specific connection (parts) which are proposed to be reduced to resolve the congestion. This reporting is similar to the RADIO LINK CONGESTION INDICATION as defined in the RNSAP protocol. The two alternatives allow a flexible function allocation between Node B and CRNC, to cater for evolution of standards and products.

Change Request

Annex 1 is a draft CR to NBAP, to show a possible implementation. It is currently FDD-specific, but can easily be extended to include TDD.

Conclusion

It is proposed that RAN3 discusses the need for improved HSDPA and EUL congestion detection and actions upon congestion.

If the concepts are agreeable, Ericsson volunteers to provide a complete CR. 

Appendix 1: draft NBAP CR
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-------------------------------First Change--------------------------------

8.1
Elementary Procedures

NBAP procedures are divided into common procedures and dedicated procedures.

-
NBAP common procedures are procedures that request initiation of a Node B Communication Context for a specific UE in Node B or are not related to a specific UE. NBAP common procedures also incorporate logical O&M [1] procedures.

-
NBAP dedicated procedures are procedures that are related to a specific Node B Communication Context in Node B. This Node B Communication Context is identified by a Node B Communication Context identity.

The two types of procedures may be carried on separate signalling links.
In the following tables, all EPs are divided into Class 1 and Class 2 EPs:

Table 2: Class 1

	Elementary Procedure
	Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Cell Setup
	CELL SETUP REQUEST
	CELL SETUP RESPONSE
	CELL SETUP FAILURE

	Cell Reconfiguration
	CELL RECONFIGURATION REQUEST
	CELL RECONFIGURATION RESPONSE
	CELL RECONFIGURATION FAILURE

	Cell Deletion
	CELL DELETION REQUEST
	CELL DELETION RESPONSE
	

	Common Transport Channel Setup
	COMMON TRANSPORT CHANNEL SETUP REQUEST
	COMMON TRANSPORT CHANNEL SETUP RESPONSE
	COMMON TRANSPORT CHANNEL SETUP FAILURE

	Common Transport Channel Reconfiguration
	COMMON TRANSPORT CHANNEL RECONFIGURATION REQUEST 
	COMMON TRANSPORT CHANNEL RECONFIGURATION RESPONSE
	COMMON TRANSPORT CHANNEL RECONFIGURATION FAILURE

	Common Transport Channel Deletion
	COMMON TRANSPORT CHANNEL DELETION REQUEST
	COMMON TRANSPORT CHANNEL DELETION RESPONSE
	

	Physical Shared Channel Reconfiguration
	PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST 
	PHYSICAL SHARED CHANNEL RECONFIGURATION RESPONSE
	PHYSICAL SHARED CHANNEL RECONFIGURATION FAILURE

	Audit
	AUDIT REQUEST 
	AUDIT RESPONSE
	AUDIT FAILURE

	Block Resource
	BLOCK RESOURCE REQUEST
	BLOCK RESOURCE RESPONSE
	BLOCK RESOURCE FAILURE

	Radio Link Setup
	RADIO LINK SETUP REQUEST
	RADIO LINK SETUP RESPONSE
	RADIO LINK SETUP FAILURE

	System Information Update 
	SYSTEM INFORMATION UPDATE REQUEST
	SYSTEM INFORMATION UPDATE RESPONSE
	SYSTEM INFORMATION UPDATE FAILURE

	Common Measurement Initiation
	COMMON MEASUREMENT INITIATION REQUEST
	COMMON MEASUREMENT INITIATION RESPONSE
	COMMON MEASUREMENT INITIATION FAILURE

	Radio Link Addition
	RADIO LINK ADDITION REQUEST
	RADIO LINK ADDITION RESPONSE
	RADIO LINK ADDITION FAILURE

	Radio Link Deletion
	RADIO LINK DELETION REQUEST
	RADIO LINK DELETION RESPONSE
	

	Synchronised Radio Link Reconfiguration Preparation
	RADIO LINK RECONFIGURATION PREPARE
	RADIO LINK RECONFIGURATION READY
	RADIO LINK RECONFIGURATION FAILURE

	Unsynchronised Radio Link Reconfiguration
	RADIO LINK RECONFIGURATION REQUEST
	RADIO LINK RECONFIGURATION RESPONSE
	RADIO LINK RECONFIGURATION FAILURE

	Dedicated Measurement Initiation
	DEDICATED MEASUREMENT INITIATION REQUEST
	DEDICATED MEASUREMENT INITIATION RESPONSE
	DEDICATED MEASUREMENT INITIATION FAILURE

	Reset
	RESET REQUEST
	RESET RESPONSE
	

	Cell Synchronisation Initiation [TDD]
	CELL SYNCHRONISATION INITIATION REQUEST
	CELL SYNCHRONISATION INITIATION RESPONSE
	CELL SYNCHRONISATION INITIATION FAILURE

	Cell Synchronisation Reconfiguration [TDD]
	CELL SYNCHRONISATION RECONFIGURATION REQUEST
	CELL SYNCHRONISATION RECONFIGURATION RESPONSE
	CELL SYNCHRONISATION RECONFIGURATION FAILURE

	Cell Synchronisation Adjustment [TDD]
	CELL SYNCHRONISATION ADJUSTMENT REQUEST
	CELL SYNCHRONISATION ADJUSTMENT RESPONSE
	CELL SYNCHRONISATION ADJUSTMENT FAILURE

	Information Exchange Initiation
	INFORMATION EXCHANGE INITIATION REQUEST
	INFORMATION EXCHANGE INITIATION RESPONSE
	INFORMATION EXCHANGE INITIATION FAILURE


Table 3: Class 2

	Elementary Procedure
	Message

	Resource Status Indication
	RESOURCE STATUS INDICATION

	Audit Required
	AUDIT REQUIRED INDICATION

	Common Measurement Reporting
	COMMON MEASUREMENT REPORT

	Common Measurement Termination
	COMMON MEASUREMENT TERMINATION REQUEST

	Common Measurement Failure
	COMMON MEASUREMENT FAILURE INDICATION

	Synchronised Radio Link Reconfiguration Commit
	RADIO LINK RECONFIGURATION COMMIT

	Synchronised Radio Link Reconfiguration Cancellation
	RADIO LINK RECONFIGURATION CANCEL

	Radio Link Failure
	RADIO LINK FAILURE INDICATION

	Radio Link Restoration
	RADIO LINK RESTORE INDICATION

	Dedicated Measurement Reporting
	DEDICATED MEASUREMENT REPORT

	Dedicated Measurement Termination
	DEDICATED MEASUREMENT TERMINATION REQUEST

	Dedicated Measurement Failure
	DEDICATED MEASUREMENT FAILURE INDICATION

	Downlink Power Control [FDD]
	DL POWER CONTROL REQUEST

	Compressed Mode Command [FDD]
	COMPRESSED MODE COMMAND

	Unblock Resource
	UNBLOCK RESOURCE INDICATION

	Error Indication
	ERROR INDICATION

	Downlink Power Timeslot Control [TDD]
	DL POWER TIMESLOT CONTROL REQUEST

	Radio Link Pre-emption
	RADIO LINK PREEMPTION REQUIRED INDICATION

	Cell Synchronisation Reporting [TDD]
	CELL SYNCHRONISATION REPORT

	Cell Synchronisation Termination [TDD]
	CELL SYNCHRONISATION TERMINATION REQUEST

	Cell Synchronisation Failure [TDD]
	CELL SYNCHRONISATION FAILURE INDICATION

	Information Reporting
	INFORMATION REPORT

	Information Exchange Termination
	INFORMATION EXCHANGE TERMINATION REQUEST

	Information Exchange Failure
	INFORMATION EXCHANGE FAILURE INDICATION

	Bearer Re-arrangement
	BEARER REARRANGEMENT INDICATION

	Radio Link Activation
	RADIO LINK ACTIVATION COMMAND

	Radio Link Parameter Update 
	RADIO LINK PARAMETER UPDATE INDICATION

	MBMS Notification Update
	MBMS NOTIFICATION UPDATE COMMAND

	Generic Congestion Indication [FDD]
	GENERIC CONGESTION INDICATION


------------------------------Next Change--------------------------------

8.3.xy
 GENERIC CONGESTION INDICATION (FDD only)

8.3.xy.1
General

This procedure is started by the Node B when resource congestion is detected and the rate of one or more DCHs, corresponding to one or more radio links, is preferred to be limited in the UL and/or DL. This procedure is also used by the Node B to indicate to the CRNC any change of the UL/DL resource congestion situation, affecting these radio links. 

8.3.xy.2
Successful Operation
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Figure 26C: Node B Congestion procedure, Successful Operation

Start of an UL/DL Resource Congestion Situation

When the Node B detects the start of a UL/DL resource congestion situation and prefers a reconfiguration of the currently allocated resources, it shall send the GENERIC CONGESTION INDICATION message to the RNC. The criteria for a congestion event are implementation-specific. The Node B assigns each reported congestion event a Congestion Indication ID (Congestion ID IE), which is unique within the Node B. 

The Congestion Cause Information IE shall contain at least one of the IEs UL cause or DL cause.
When receiving the GENERIC CONGESTION INDICATION message the CRNC may take action in accordance with the message contents and may forward the situation to relevant SRNCs. 

Note: examples of CRNC actions are RL release and transmission of RADIO LINK PREEMPTION REQUIRED INDICATION or RL CONGESTION INDICATION messages to SRNC. If the Specific Target Information IE is received the CRNC should forward this information to the relevant SRNC(s). If the Congestion Scope Information IE is included then the CRNC should take action to reduce relevant resources.
Change of UL/DL Resource Congestion Situation

The Node B should indicate any change of the UL/DL resource congestion situation by sending the GENERIC CONGESTION INDICATION message. The Node B may indicate a modification of congestion state either by: 

-
using a currently active Congestion ID IE in the latest GENERIC CONGESTION INDICATION message and including updated Congestion Cause Information, Congestion Level Information or Specific Target Information, or

-
ending one Congestion ID and subsequently reporting a new Congestion ID. 

Note: Only major changes should be reported, when at least one of Congestion Cause Information, Congestion Level Information or Specific Target Information is changed. 

End of UL/DL Resource Congestion Situation

Node B shall indicate a ceased congestion state by sending a GENERIC CONGESTION INDICATION message with Congestion ID of ceased congestion event and the Highest Congested Priority Level IE included in Congestion Level Information IE set to the value 15. The Node B may omit the Congestion Cause Information IE only in a GENERIC CONGESTION INDICATION message indicating the end of a Congestion situation. 
8.3.xy.3
Abnormal Conditions

The Node B may repeat the same message. The CRNC may discard multiple identical messages.
-------------------------------Next Change-------------------------------

9.1.xx
GENERIC CONGESTION INDICATION [FDD]

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.46
	
	YES
	ignore

	Transaction ID
	M
	
	9.2.1.62
	
	–
	

	Congestion ID
	M
	
	9.2.2.yy
	
	-
	

	Congestion Scope Information
	C-EndCongestionID
	
	
	
	YES
	ignore

	>Local Cell Group Information
	
	0..<maxLocalCellinNodeB>
	
	
	–
	

	>>Local Cell Group ID
	M
	
	9.2.1.38
	
	–
	

	>Local Cell Information
	
	0..<maxLocalCellinNodeB>
	
	
	–
	

	>>Local Cell ID
	
	
	9.2.1.37A
	
	–
	

	Congestion Cause Information 
	M
	
	
	
	YES
	ignore

	>UL cause
	O
	
	9.2.2.zz
	
	–
	

	>DL cause
	O
	
	9.2.2.tt
	
	–
	

	Congestion Level Information 
	O
	
	
	
	YES
	ignore

	>Highest Congested Priority Level
	O
	
	9.2.2.uu
	
	–
	

	Specific Target Information 
	O
	
	
	
	
	

	>Node B Communication Context Information 
	O
	1..<maxnoofNodeBcommContexts>
	
	
	EACH
	ignore

	>> Node B Communication Context ID
	M
	
	9.2.1.48
	
	-
	

	>HS-DSCH MAC-d Flow Specific Information
	
	0..<maxnoofMACdFlows>
	
	
	EACH
	ignore

	>>HS-DSCH MAC-d Flow ID
	M
	
	9.2.1.31I
	
	–
	

	>RL Information List
	O
	
	
	
	
	

	>>RL Information 
	O
	1..<maxnoofRLs>
	
	
	EACH
	ignore

	>>>RL ID
	M
	
	9.2.1.53
	
	–
	

	>>>DCH Rate Information
	
	1..<maxnoofDCHs>
	
	
	EACH
	ignore

	>>>>DCH ID
	M
	
	9.2.1.20
	
	–
	

	>>>>Allowed Rate Information
	O
	
	9.2.1.aa 
	
	–
	

	>>>> Guaranteed Rate Information
	O
	
	9.2.1.ab 
	
	–
	

	>>>E-DCH MAC-d Flow Specific Information
	
	0..<maxnoofEDCHMACdFlows>
	
	
	EACH
	ignore

	>>>>E-DCH MAC-d Flow ID
	M
	
	9.2.1.74
	
	–
	


	Range bound
	Explanation

	maxLocalCellinNodeB
	Maximum number of cells in the Node B

	maxnoofNodeBcommContexts
	Maximum number of Node B Communication Contexts, which have specific target information

	maxnoofRLs
	Maximum number of radio links for one UE, which have specific target information

	maxnoofDCHs
	Maximum number of DCHs for one UE.

	maxnoofMACdFlows
	Maximum number of HS-DSCH MAC-d flows

	maxnoofEDCHMACdFlows
	Maximum number of E-DCH MAC-d flows, which have specific target information


	Condition
	Explanation

	EndCongestionID
	The IE shall be present if the Highest Congested Priority Level IE has a value in the range 0-14.

The IE shall be absent if the Highest Congested Priority Level IE has a value of 15.


-------------------------------Next Change-------------------------------

9.2.1.46
Message Type

The Message Type uniquely identifies the message being sent.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Procedure ID
	M
	1
	
	

	>Procedure Code
	M
	
	INTEGER (0..255)
	"0" = Audit
"1" = Audit Required
"2" = Block Resource
"3" = Cell Deletion
"4" = Cell Reconfiguration
"5" = Cell Setup
"6" = Common Measurement Failure
"7" = Common Measurement Initiation
"8" = Common Measurement Report
"9" = Common Measurement Termination
"10" = Common Transport Channel Delete
"11" = Common Transport Channel Reconfigure
"12" = Common Transport Channel Setup
"13" = Reset
"14" = Compressed Mode Command
"16" = Dedicated Measurement Failure
"17" = Dedicated Measurement Initiation
"18" = Dedicated Measurement Report
"19" = Dedicated Measurement Termination
"20" = Downlink Power Control
"21" = Error Indication (For Dedicated Procedures)
"23" = Radio Link Addition
"24" = Radio Link Deletion
"25" = Radio Link Failure
"26" = Radio Link Restoration
"27" = Radio Link Setup
"28" = Resource Status Indication
"29" = Synchronised Radio Link Reconfiguration Cancellation
"30" = Synchronised Radio Link Reconfiguration Commit
"31" = Synchronised Radio Link Reconfiguration Preparation
"32" = System Information Update
"33" = Unblock Resource
"34" = Unsynchronised Radio Link Reconfiguration
"35" = Error Indication (For Common Procedures)
"37" = Physical Shared Channel Reconfiguration
"38" = Downlink Power Timeslot Control
"39" = Radio Link Preemption
"40" = Information Exchange Failure
"41" = Information Exchange Initiation
"42" = Information Exchange Termination
"43" = Information Reporting
"44" = Cell Synchronisation Adjustment
"45" = Cell Synchronisation Initiation
"46" = Cell Synchronisation Reconfiguration
"47" = Cell Synchronisation Reporting
"48" = Cell Synchronisation Termination
"49" = Cell Synchronisation Failure
"50" = Bearer Rearrangement
"51" = Radio Link Activation

“52” = Radio Link Parameter Update
"53" = MBMS Notification Update

"54" = Generic Congestion Indication

	>Ddmode
	M
	
	ENUMERATED (

TDD, 

FDD,

Common, 
…)
	Common = common to FDD and TDD.

	Type of Message
	M
	
	ENUMERATED (

Initiating Message, 

Successful Outcome, 

Unsuccessful Outcome, 

Outcome)
	


-------------------------------Next Change-------------------------------

9.2.2.yy
Congestion ID

The Congestion ID identifies unambiguously an active Congestion event reported from one Node B. It is assigned by the Node B. Congestion event can be sended and then the Congestion Indication ID may be re-allocated to another  Congestion event.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Congestion ID
	M
	
	INTEGER(0..4096,…)
	


-------------------------------Next Change-------------------------------

9.2.2.uu
Highest congested priority Level
The Highest Congested Priority level IE reports the lowest value (i.e. highest priority) of any Allocation/Retention priority level experiencing congestion.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Priority Level
	O
	
	INTEGER 

 (0..15)
	This IE indicates the Allocation/Retention priority of the request.

Usage:
Value "0" means "Spare"; It shall be treated as a logical error if received.

Values between "1" and "14" are ordered in decreasing order of priority, "1" being the highest and "14" the lowest.

Value "15" means "No Priority". 


-------------------------------Next Change-------------------------------

9.2.2.zz
UL Cause

The UL Cause IE informs the CRNC about which resource shortage the Node B considers the most important cause for the reported uplink congestion.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Uplink cause
	O
	
	INTEGER (0..255)
	"0" = Any
"1" = excessive received noise rise due to DCH traffic or interference
"2" = lack of scheduler hardware
"3" = lack of total hardware
"4" to “255” = reserved



-------------------------------Next Change-------------------------------

9.2.2.tt
DL Cause

The DL Cause IE informs the CRNC about which resource shortage the Node B considers the most important cause for the reported downlink congestion.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Downlink Cause
	O
	
	INTEGER (0..255)
	"0" = Any
"1" = lack of available HS-DSCH power
"2" = lack of HS-DPSCH codes
"3" = lack of HS-SCCH codes
“4” = lack of scheduler hardware
“5” = lack of total downlink hardware 

"6" to “255” = reserved



-------------------------------Next Change-------------------------------

9.2.1.aa
Allowed Rate Information

The Allowed Rate Information IE indicates the TFI corresponding to the highest allowed bit rate for the uplink and/or the downlink of a DCH. The information is forwarded by the CRNC to the SRNC. The SRNC is allowed to use any rate being lower than or equal to the rate corresponding to the indicated TFI.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Allowed UL Rate
	O
	
	INTEGER(1..maxTFcount)
	"1": TFI 0,

"2": TFI 1,

"3": TFI 2,

…



	Allowed DL Rate
	O
	
	INTEGER(1..maxTFcount)
	"1": TFI 0,

"2": TFI 1,

"3": TFI 2,

…




-------------------------------Next Change-------------------------------

9.2.1.ab
Guaranteed Rate Information

The Guaranteed Rate Information IE indicates the TFI corresponding to the guaranteed bit rate for the uplink and/or the downlink of a DCH.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Guaranteed UL Rate
	O
	
	INTEGER(1..maxTFcount)
	"1": TFI 0,

"2": TFI 1,

"3": TFI 2,

…



	Guaranteed DL Rate
	O
	
	INTEGER(1..maxTFcount)
	"1": TFI 0,

"2": TFI 1,

"3": TFI 2,

…




-------------------------------Next Change-------------------------------

9.3 Message and Information Element Abstract Syntax (with ASN.1)

<To be added in final CR, if the concept is acceptable to RAN3>
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