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1 Introduction

Based on the request from some Mobile Network Operators and UE Vendors (RAN5 SIG Action Point AP#62.05) the generic preamble of signalling conformance test cases may need to be enhanced to cater for UEs that come up with more than one PDN CONNECTIVITY REQUEST during the initial registration procedure. 
The UE configuration shall still be well defined i.e. there shall be no academic analysis of all hypothetical cases but most common scenarios shall be reflected. Furthermore the simulated network signalling during test case preamble shall be based on regular behaviour (i.e. not based on exceptional behaviour).

The present document contains a detailed analysis of the multi-PDN scenarios that have been identified in previous discussions as potential candidates for inclusion in the conformance signaling test specifications, as well as an initial analysis of its expected impact on the existing test cases. 
The following methodology has been used:

· In discussions about PDN connections to be established automatically during UE registration procedure it seems that different parties use slightly different terminology. For that reason terms are defined as used in this document.
· Based on the terminology used in this document several assumptions are listed.
· Mnemonics are defined for assumptions and conditions.
· Conclusions in general are based on the assumptions made. Nevertheless some cases are shown even for false assumptions but these are marked in red.
2 Definitions

	First PDN connection
	PDN connection established due to PDN CONNECTIVITY REQUEST sent by the UE together with the ATTACH REQUEST.
NOTE: 
In general it seems to be difficult to reject this PDN CONNECTIVITY REQUEST i.e. to get rid of the connectivity to the first PDN.


	Additional PDN connection
	Not the first PDN connection: 
Can be established during UE registration procedure or by stand-alone procedure which needs to have a specific trigger as an MMI/AT command


	Default APN
	Acc. to 23.401: 
"A Default APN is defined as the APN which is marked as default in the subscription data and used during the Attach procedure and the UE requested PDN connectivity procedure when no APN is provided by the UE"


	Explicit APN
	APN explicitly specified by the UE in the Access point name IE of the PDN CONNECTIVITY REQUEST or ESM INFORMATION RESPONSE.
NOTE: 
When an APN is explicit APN it can still be the same APN as the default APN which is stored in the HSS.


	Internet PDN
	Internet or multi-purpose PDN: Access to internet.


	IMS PDN
	Access to IMS if supported by the UE (pc_IMS==true); the related APN (IMS APN) is the IMS well-known APN.

For an IR.92 compliant UE (pc_VoLTE==true) the IMS APN is the default APN; 
for other UE implementations the IMS APN is default APN in case of pc_IMS_APN_default==true.


	XCAP-only PDN
	Access to XCAP server to control supplementary services.

For an IR.92 compliant UE (pc_VoLTE==true) the UE has to use a distinct PDN for XCAP related signalling (XCAP-only PDN); for other UE implementations there is a distinct PDN in case of pc_XCAP_only_APN==true or otherwise the multi-purpose PDN is used (in which case there is no XCAP-only PDN).


	Other PDN
	Neither IMS PDN nor Internet PDN nor XCAP-only PDN



3 Assumptions

	Mnemonic
	Description
	Affects

	ASSUMPTION_1
	First PDN connection does not need to refer to default APN
	Default APN, first PDN connection

	
	There seems to be no restriction acc. to which the first PDN connection has to correlate to the default APN as a UE may provide a specific APN in the ESM INFORMATION RESPONSE; 
if this assumption is not applicable it means that every IR.92 compliant UE has to come up with IMS first (what might be a restriction which is not applicable for all UEs).
	

	ASSUMPTION_2
	Additional PDN connection refers to explicit APN only
	Additional PDN connection

	
	For any additional PDN connection the UE shall provide explicitly the APN in the PDN CONNECTIVITY REQUEST i.e. the default APN is applicable only for the first PDN connectivity procedure (if so)

NOTE:
This is not clearly stated in the core specs but the major purpose of the ESM information request procedure seems to be the lack of security protection at initial attach and note 1 of 24.301 clause 6.5.1.2 can be interpreted that way.
	

	ASSUMPTION_3
	No ESM information request procedure for establishment of additional PDN connection
	Additional PDN connection

	
	As the for establishment of additional PDN connection there is security protection already there is no need for any ESM information request procedure (i.e. a ESM information request procedure may happen for the first PDN connection only)

NOTE:
This is not explicitly stated in the core specs but reflected e.g. in 36.508 clause 4.5A.14.3 (Generic Test Procedure for IMS XCAP establishment in EUTRA)
	

	ASSUMPTION_4
	No other PDN connectivity during UE registration
	Additional PDN connection

	
	During UE registration there is no PDN CONNECTIVITY REQUEST referring to any other PDN and no other PDN can correspond to the default APN.
(other PDN: Neither IMS PDN nor Internet PDN nor XCAP-only PDN)
	

	ASSUMPTION_5
	No XCAP-only connectivity during UE registration
	XCAPonly PDN

	
	During UE registration there is no PDN CONNECTIVITY REQUEST referring to the XCAP PDN i.e. the UE is configured so that it does not automatically connect to the XCAP PDN after switch on.

(
XCAP PDN is not considered to correspond to the default APN

(
With ASSUMPTION_4: Either IMS or Internet PDN corresponds to default APN
	

	ASSUMPTION_5a
	Only in case of ASSUMPTION_5==false:

Even if the UE is configured to automatically connect to the XCAP-only PDN after switch on, the XCAP APN is not considered to be the default APN

( 
With ASSUMPTION_4: Either IMS or Internet PDN corresponds to default APN
	XCAP-only PDN

	ASSUMPTION_6
	first PDN connection shall not be rejected
	first PDN connection

	
	NOTE:
Whether it would be possible to reject the first PDN connection at all and what potential side effects are is out of scope for this document
	

	ASSUMPTION_7
	An additional PDN connection shall not be rejected
	Additional PDN connection

	
	Rejection of a PDN connectivity request seems to be an exceptional case e.g. when a network is running out of resources
( Rejection of a PDN connectivity request is no typical network behaviour

Side effects may occur and result in additional test requirements

When UEs are configured on operators’ demand to automatically connect to several PDNs this can be assumed as being on purpose i.e. it is quite likely not waste of resources

Acc. to the below case study and in conjunction with ASSUMPTION_6 there are scenarios where no rejection is applicable 
( test prose and TTCN need to cope with two PDNs anyway
	


4 UE registration
4.1 MO PDN Connectivity Procedures
MO PDN connectivity procedures are specified in 24.301 cl. 6.5.1. 
4.1.1 First PDN Connection

To establish the first PDN connection a PDN CONNECTIVITY REQUEST message is sent together with an ATTACH REQUEST message.

4.1.1.1 Relevant Messages sent by the UE

PDN CONNECTIVITY REQUEST
	Relevant content
	Conclusion
	Mnemonic 

	Access point name has to be omitted (( 24.301 cl. 6.5.1.2)
	
	

	ESM information transfer flag: false
	no ESM information request procedure; APN is default APN
	PDN1_DefaultAPN

	ESM information transfer flag: true
	ESM information request procedure acc. to 24.301 cl. 6.6.1.2
	


ESM INFORMATION RESPONSE 
(only if ESM information transfer flag is true in PDN CONNECTIVITY REQUEST)
	Relevant content
	Conclusion
	Mnemonic 

	Access point name: omit
	APN is default APN
	PDN1_DefaultAPN

	Access point name: present
	specific APN as requested by the UE
	PDN1_ExplicitAPN


4.1.1.2 Evaluation of the APN
	Case
	Condition
	Conclusion/Comment
	Mnemonic 

	PDN1_DefaultAPN
	pc_IMS and (pc_IMS_APN_default or pc_VoLTE)
	IMS PDN with IMS well known APN (acc. to IR.92) 

NOTE 1
	PDN1_IMS

	
	else
	no IMS PDN ( Internet PDN (ASSUMPTION_5/5a)
	PDN1_Internet

	PDN1_ExplicitAPN
(ASSUMPTION_2)
	APN matches IMS_APN
	IMS PDN with IMS well known APN
(OPEN_ISSUE_1)
	PDN1_IMS

	
	(pc_XCAP_only_APN or pc_VoLTE) and 
APN matches XCAP_APN
	n.a. (ASSUMPTION_5/5a) 
(OPEN_ISSUE_1a)

NOTE 1
	PDN1_XCAP

	
	else
	Internet APN

(ASSUMPTION_4)
	PDN1_Internet


NOTE 1
pc_IMS_APN_default, pc_XCAP_only_APN: see 36.523-2 Table A.4.4-2

4.1.1.3 Response sent by the SS
SS sends RRCConnectionReconfiguration with piggybacked ATTACH ACCEPT and ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST (ASSUMPTION_6):

RRCConnectionReconfiguration
	Relevant content
	Condition 
	Value

	DRB Id
	pc_IMS and PDN1_Internet
	8 (NOTE 1)

	
	else 
	1


ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST
	Relevant content
	Condition 
	Value

	EPS bearer identity
	pc_IMS and PDN1_Internet
	‘1100’B (NOTE 2)

	
	else 
	‘0101’B

	Access point name
	PDN1_Internet and PDN1_DefaultAPN
	px_AccessPointName (36.508, Table 4.7.3-6)

	
	PDN1_Internet and PDN1_ExplicitAPN
	same value as sent by the UE in ESM INFORMATION RESPONSE (36.508, Table 4.7.3-6)

	
	PDN1_IMS and PDN1_DefaultAPN
	IMS.apn.epc.mnc<MNC>.mcc<MCC>.3gppnetwork.org
(36.508, Table 4.7.3-6)

	
	PDN1_IMS and PDN1_ExplicitAPN
	IMS.apn.epc.mnc<MNC>.mcc<MCC>.3gppnetwork.org
(OPEN_ISSUE_2)


NOTE 1
DRB8 is chosen not to affect existing test cases as these typically use DRBs subsequent to DRB1
NOTE 2
Corresponding to DRB8 (DRB Id := EPS BearerId – 4)

4.1.2 Second PDN Connection

2nd PDN CONNECTIVITY REQUEST is sent by the UE after the ATTACH COMPLETE.

4.1.2.1 Applicability

	Condition
	Applicability for 2nd PDN connectivity

	PDN1_Internet and pc_IMS
	mandatory

	PDN1_Internet and not pc_IMS
	not applicable (ASSUMPTION_5)

	PDN1_IMS
	Optional (OPEN_ISSUE_3)


4.1.2.2 Relevant Messages sent by the UE

PDN CONNECTIVITY REQUEST
	Relevant content
	Conclusion/Comment
	Mnemonic 

	Access point name: present
	normal case
	PDN2_ExplicitAPN

	Access point name: omit
	n.a. (ASSUMPTION_2)
	PDN2_DefaultAPN

	ESM information transfer flag: false
	no ESM information request procedure; normal case
	

	ESM information transfer flag: true
	n.a. (ASSUMPTION_3)
	


4.1.2.3 Evaluation of the APN
	Case
	Condition
	Conclusion/Comment
	Mnemonic 

	PDN1_Internet and PDN2_ExplicitAPN
	APN matches IMS_APN
	(OPEN_ISSUE_1)
	PDN2_IMS

	
	APN matches XCAP_APN
	n.a. (ASSUMPTION_5)

(OPEN_ISSUE_1a)
	PDN2_XCAP

	
	else
	n.a. (ASSUMPTION_4)
	

	PDN1_IMS and PDN2_ExplicitAPN
	APN matches XCAP_APN
	n.a. (ASSUMPTION_5)

(OPEN_ISSUE_1a)
	PDN2_XCAP

	
	else
	Internet APN
	PDN2_Internet

	PDN2_DefaultAPN 
	
	n.a. (ASSUMPTION_2)
	


4.1.2.4 Relevant Responses sent by the SS
SS sends RRCConnectionReconfiguration to add another DRB and an ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST (ASSUMPTION_7):

RRCConnectionReconfiguration
	Relevant content
	Condition 
	Value

	DRB Id
	PDN2_Internet
	8 (NOTE 1)

	
	PDN2_IMS
	1

	
	else
	n.a. (ASSUMPTION_4, ASSUMPTION_5)


ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST
	Relevant content
	Condition 
	Value

	EPS bearer identity
	PDN2_Internet
	‘1100’B (NOTE )

	
	PDN2_IMS
	‘0101’B

	
	else
	n.a. (ASSUMPTION_4, ASSUMPTION_5)

	Access point name
	PDN1_Internet
	same value as sent by the UE in PDN CONNECTIVITY REQUEST

	
	PDN2_IMS
	IMS.apn.epc.mnc<MNC>.mcc<MCC>.3gppnetwork.org
(OPEN_ISSUE_2)

	
	else
	n.a. (ASSUMPTION_4, ASSUMPTION_5)


NOTE 1
DRB8 is chosen not to affect existing test cases as these typically use DRBs subsequent to DRB1
NOTE 2
Corresponding to DRB8 (DRB Id := EPS BearerId – 4)

4.1.3 Further PDN Connection

n.a. (ASSUMPTION_4)
4.2 Open Issues
	OPEN_ISSUE_1
	What is the matching criterion to detect the IMS APN in the PDN CONNECTIVITY REQUEST or in the ESM INFORMATION RESPONSE: Is it allowed that the UE just asks for “ims” or does it need to contain network or operator identifiers acc. to 23.003; what about case sensitivity ?? 

( needs to be clarified in 36.508.

	OPEN_ISSUE_1a
	What is the matching criterion to detect a non IMS APN (e.g. XCAP) ??
(in general that is only needed when ASSUMPTION_5==false)

	OPEN_ISSUE_2
	When the UE explicitly provides the APN in the Access Point Name IE of the PDN CONNECTIVITY REQUEST or in the ESM INFORMATION RESPONSE what shall be used in the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST:

· IMS.apn.epc.mnc<MNC>.mcc<MCC>.3gppnetwork.org

· “same value as sent by the UE in ESM INFORMATION RESPONSE” or
“same value as sent by the UE in PDN CONNECTIVITY REQUEST” resp.

( needs to be clarified in 36.508.

	OPEN_ISSUE_3
	A criterion needs to be defined how long to wait for the additional PDN CONNECTIVITY REQUEST (the easiest should be a timer as for other optional procedures during UE registration).


4.3 Impact on Prose and TTCN
4.3.1 UE Registration (36.508 clause 4.5.2)
The (optional) 2nd PDN CONNECTIVITY REQUEST needs to be handled for the different cases. When the 2nd is accepted, the RRC connection needs to be reconfigured to have another AM DRB for the additional default EPS bearer.

For both PDNs IP address allocation may happen always after the SS has sent a ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST. Additionally IMS registration may happen after IP address allocation for the IMS PDN (if any).

4.3.2 UE Registration, UE Test Mode Activated (36.508 clause 4.5.3)
Similar changes are needed for 36.508 clause 4.5.3 as for clause 4.5.3.

4.3.3 Default contents of ESM messages (36.508 clause 4.7.3)
PDN CONNECTIVITY REQUEST and ESM INFORMATION RESPONSE: 
e.g. matching criteria for IMS in Access point name IE (OPEN_ISSUE_1)

ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST:
Clarification which APN exactly to be used in case of IMS being contained in the Access point name IE of the PDN CONNECTIVITY REQUEST (OPEN_ISSUE_2)

4.3.4 Further changes for RRC procedures

Depending on the decision whether or not the 2nd PDN shall be maintained during the test cases RRC procedures need to be reviewed: When there are two PDNs there are two EPS default bearers being mapped to AM DRBs. At least for the first RRC connection establishment after UE registration resources shall be provided to the UE for both PDNs (see next clause).

4.3.5 Impact on test cases

At least prose to 9 and 10 series test cases need to be reviewed regarding additional signalling for 2nd PDN; FFS.
5 After UE Registration

After UE registration in general the UE is in idle mode. Depending on the different scenarios we have

	Scenario
	Conditions
	EPS Bearer
	Comment

	IMS only
	PDN1_IMS
	‘0101’B
	covered by current 36.508 already

	Internet only
	PDN1_Internet
	‘0101’B
	covered by current 36.508 already

	IMS + Internet
	PDN1_IMS
	‘0101’B
	For any subsequent RRC connection establishment in addition to DRB1 and the DRBs related to dedicated bearers DRB8 needs to be considered as radio bearer for the additional default bearer

	
	PDN2_Internet
	‘1100’B
	

	Internet + IMS
	PDN1_Internet
	‘1100’B
	For any subsequent RRC connection establishment in addition to DRB1 and the DRBs related to dedicated bearers DRB8 needs to be considered as radio bearer for the additional default bearer

	
	PDN2_IMS
	‘0101’B
	


( For “IMS + Internet” and “Internet + IMS” when during the next RRC connection establishment the UE does not get RRC resources for the Internet Bearer (‘1100’B) the UE will locally deactivate the EPS bearer contexts (see 24.301 clause 6.4.4.6). This may result in the UE trying to re-connect, i.e. in unexpected signalling what may fail the test case.

( As long as the UE is connected to both PDNs it shall get RRC resources for both EPS bearers whenever an RRC connection is established.

( There are at least two possibilities to cope with that:

1. The second PDN gets maintained during test cases:

· Common procedures in 36.508 need to be enhanced

· All test cases need to be reviewed to check for potential impact

· In TTCN common functions need to be enhanced; test case specific implementation needs to be checked

( Extensive prose and TTCN code review, as well as full regression testing may be required. 
2. One of the two PDN connections gets disconnected by the user (i.e. by AT command; see 27.007 clause 10.1.10 (+CGACT) and 10.1.1 (+CGDCONT)):
In this case there is no reason for the UE anymore trying to re-connect (assuming the UE obeys the user).

· As user-initiated PDN disconnection requires AT/MMI command it may not be realistic to do that at the end of the UE registration procedure but another procedure shall be defined to perform the disconnection starting from idle mode and to return back to idle.

· During this procedure the second PDN needs to be maintained i.e. a DRB (DRB8) needs to be added for the 2nd EPS bearer (‘1100’B)

· Details are FFS.

· After running that procedure the UE is in the same state as for the “IMS only” case.
NOTE: For test cases not requiring IMS it can also be discussed to use the Internet PDN as active PDN i.e. to disconnect the IMS PDN (FFS).

( Apart from the changes for the UE registration procedures and an additional PDN disconnection procedure no impact on existing test cases in prose and TTCN.
6 Conclusion
In order to enable the detailed prose and TTCN work necessary to enhance the signaling test specifications with the support of multi-PDN connection requests at registration, RAN5 is asked to:
· Confirm the assumptions made in this document:
If some of the assumptions are not valid this document can be revised accordingly.

· Provide clarification and guidance on the open issues. 

· Provide guidance about whether or not the 2nd PDN shall be maintained during the test cases.
Depending on the outcome to the above questions prose CRs can be revised or additional prose CRs can be raised; TTCN implementation would be done based on the agreed prose CRs; regression testing and even additional verification may be needed. 
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