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1
Introduction
RAN5 decided few meetings back to introduce provisions to allow the 5G test specifications to handle multiple, i.e. unrestricted number of, PDUs establishments in order not to impose requirements on the UE to be pre-configured for testing purposes to operate not as it may operate in real life. These provisions however are not comprehensive enough to handle different UE configurations.

Furthermore, no provisions have been introduced to handle multiple, i.e. unrestricted number of, PDNs establishments when a 5GS and EPS capable UE moves between the two systems (i.e. between S1 and N1 modes). This resulting in requiring such a UE, although being allowed full freedom to establish unrestricted number of PDUs in 5GS (and hence operate close to how it may operate in real life), to be pre-configured to limit its PDNs when it is in EPS (S1 mode) to max of 2 PDNs (and hence not operate as it may operate in real life).

It should be noted that depending on their deployment targets some UEs can of course require just 2 PDUs/PDNs and those from the types the current 5G test spec can handle. This, as well as UE pre-configuration to require only 2 PDUs/PDNs for test purposes, even if it may need more in real life, are the reasons why the tests are working today.
To allow better flexibility the present paper highlights some of the issues and outlines some possible solutions. CRs comprising the detailed changes needed for the outlined in general solutions are provided separately.

2
Problems details

2.1
Multi PDUs
The current provisions for handling multiple, i.e. unrestricted number of, PDUs establishments are having the following problems:

a)
If the UE does not provide a DNN at PDU establishment then, the SS will assign a single chosen QoS rule (a rule used for Internet DNN) for this PDU. This requires the UE to be pre-configured to accept this exact QoS otherwise the UE will attempt PDU modification which the tests will normally not be handling and this will result in a FAIL (or INCONCLUSIVE) verdict.

b)
A consequence of a) would also be that the UE shall be pre-configured to have as default DNN always the Internet one and not the IMS one, something we do not do even in LTE.

c)
If the UE provides DNN at PDU establishment then, the SS at the moment would be able to provide relevant QoS rules only if the DNN is either for Internet or IMS and nothing else. If the UE requests PDU for a DNN which require other QoS rules then the test will not be able to handle this and this will result in a FAIL (or INCONCLUSIVE) verdict.
d)
Whether or not IMS signalling in the User plane may take place during PDU establishment is currently allowed only if the DNN for the particular PDU is provided, and, only if it is a DNN for IMS. If however the DNN is for different services which also require IMS signalling in the UE plane then the test will not be able to handle this and this will result in a FAIL (or INCONCLUSIVE) verdict.

A PDU (and respective DNN when provided) for Mission Critical Services is an example of PDU establishment which will definitely result in FAIL (or INCONCLUSIVE) verdict for cases c) and d), and, depending on UE configuration possibly for cases a) and b) as well. Other services, different to Internet and IMS, for which a PDU would be needed will result in similar outcome if they expect different QoS and/or include IMS signalling in the User plane.
2.2
Multi PDNs

The current provisions, taken form LTE, can handle only 2 PDNs establishments and these being only either Internet or IMS. That is, for the purposes of testing inter system change between S1 and N1 modes, for operation in S1 mode, the UE needs to be pre-configured to act the "LTE" way i.e.:
-
Limit the number of transferred PDN/PDUs to two only

-
Limit the type of PDN/PDUs which can be transfer to Internet and IMS only


These requirements undermine the reasoning behind the flexibility allowed when the UE is in N1 mode and in reality most likely would result in the UE being pre-configured, for test purposes only, with the same restricted behaviour also when the UE is in N1 mode.
2.3
Inter-system change between modes S1 and N1 (either direction)

The current provisions can handle only the case when:

-
The UE is configured to have the same number of PDNs and PDUs (and from the same type) when on each of the two systems
-
The UE is configured to transfer all of those PDU/PDN during inter-system change

-
The NWK supports N26 interface
NOTE 1:
In regard to the first bullet above it should be noted that

- Today RAN5 5G specs have different ways of handling multiple PDUs and multiple PDNs. The consequence from this is that every time we need to specify something new or update something existing in the inter-system change between S1 and N1 modes tests or generic procedures, we need to look for different ways of describing the same thing when on S1 and when on N1. The CRs in R5-201487 and R5-201488 aim at unifying the handling of multiple PDUs and multiple PDNs to facilitate changes and maintenance. They specify a multi PDN establishment procedure and a Registration in EPS procedure exactly as those we have for multi PDUs and Registration in 5GS from structural point of view (of course different procedures and messages are used inside). By structural point of view here is meant similar step sequences, similar branching, looping, etc.

- Secondly although when in N1 the UE is allowed to establish PDUs on a new connection when it moves to S1 PDN establishments only on the same connection are allowed. This would require the UE to be configured for different behaviour when operating in the different modes (S1 or N1) which is very unlikely to be the case when the UE operates in real life and may not even be possible to be configured for testing - if there are applications which would start a PDU establishment in N1 on a new connections they would try to do so also when in S1.
3
Some proposals/solutions

Proposal 1: In order handling of inter-system S1-N1 mode change to facilitate changes and maintenance of the relevant procedures, it is proposed that instead of referring to LTE procedures, handling of multiple, i.e. unrestricted number of, PDN is introduced in 5G specs in a similar manner (i.e. utilising similar concept and procedures) as the handling of unrestricted PDUs present in today's 5G specs. No impact on the LTE testing (i.e. not impact on the LTE test cases defined in the 36.523 series which do not include UE moving to 5G).
NOTE 1:
At the moment it is suggested that the EN-DC is kept as it is and unrestricted number of PDNs is not handled. This is in order to keep the EN-DC solution as close as possible to the LTE's one. However, if inter-RAT testing between e.g. EN-DC and SA Option 2 is considered then, this view may be re-visited, or, a special handling applicable only to those tests considered.
NOTE 2:
If the proposal is agreed, review of all tests which specify inter-system change between S1 and N1 modes need to be carried out (about 30+ test cases) and wherever applicable references to the LTE should be replaced with references to the procedure defined in 5G.
Proposal 2: To allow more comprehensive flexibility the multi PDU handling should be updated and similar as this updated approach should be specified for the multi PDN handling. All relevant to PDU/PDN establishment information required for specification of test procedures and messages contents should be consolidated at a single place (in the form of APN/DNN relevant data records IXIT). How this can be done is described below.
NOTE:
The proposed solution is introduced in R5-201487, R5-201488, R5-201489, R5-201490, R5-201491, R5-201492, R5-201493, R5-201494, R5-201495, R5-201496. Note that the Tdoc numbers provided are for information and may not reflect the numbers, nor the content, of the final agreed CRs, if any.
Solution for Proposal 2

It is proposed to introduce a sufficiently comprehensive APN/DNN declaration table, in the form of IXIT, where the UE vendor will be requested to provide details on each and every APN/DNN the UE will attempt to establish connection to during its operation in S1 and N1 modes. The SS will use the IXIT provided to determine how to react in the particular test scenario including what the message content of the message sent by SS or the UE should be.
Today our specs allow both multi PDUs and multi PDNs. We have different procedures for making these possible. The problem the IXIT table concept is trying to solve is not in the procedures it is in the message contents used in these procedures. What we have today in these messages contents is as follows 

IF the DNN is IMS THEN SS indicates in the message QoS for IMS ELSE SS indicates in the message QoS which is used for example for Internet

This allows today the UE to establish unrestricted number of PDUs, for example it can establish 10 PDUs, as long as only one of those needs IMS QoS and the rest are happy with the QoS used for Internet.

The proposal is aiming at providing a mechanism (a framework) for the SS to be able to handle also other types of services in those messages. For example for MCPTT the PDUs need different than the handled today 2 QoS and the mechanism would allow MCPTT PDUs to be handled easily when RAN5 agrees that MCPTT PDUs should be handled.
It is replacing the current approach with an approach in which the SS will decide which QoS to indicate based on knowing the DNN Identity and the type of QoS needed for this DNN, both provided by IXIT.

The proposed IXIT solution is just a mechanism which would allow RAN5 in the future to introduce such services without the need of a serious change to the RAN5 specs. It does not specify any new QoS and therefore before PDU/PDN for new services can be handled such services need to be specified.
The second related issue in regard to PDU/PDN establishment is that certain Services may have signalling in the User plane while others would not. Today RAN5 specs can handle only IMS signalling. MCPTT for example has a different signalling. The proposal, in similar way as with the QoS, had also an IXIT question for the type of signalling, if any, which may happen during the PDU/PDN establishment.

These 2 issues need the proposed IXIT handling (IXIT table). For the solution of the other issues described in the discussion paper earlier, this IXIT approach is not a must.

Today RAN5 specs handle some of those issues, or similar to those issues, with ICS. RAN5 can of course continue doing so. The proposal however is suggesting to replace these ICS (some already existing and some new) by IXIT for the sole purpose of having all information consolidated at a single place.

Because the IXIT proposal does not change the procedures, no impact on test procedures should be expected. For example if RF/RRM tests today do not have a problem with the fact that RAN5 specs are allowing multiple PDUs then they will not have problem also after the introduction of the proposed here IXIT concept. The problem the IXIT table concept is trying to solve is not in the procedures it is in the message contents used in these procedures.
EXAMPLES of how this can be done are provided below. The examples are taken from CRs implementing proposal 2 which are submitted to RAN5#87-e. The highlights in green and yellow are used for facilitating reading purposes.
Examples of IXIT definitions and the requested parameters ...
Table 9.4-1: UE PDN/PDU IXIT
	
	Parameter Name
	Parameter Type
	Supported Value
	Description

	1
	px_noOf_PDUsSameConnection
	integer
	NOTE 1
	Number of UE-requested PDU session establishments after REGISTRATION during the same signalling connection

	2
	px_noOf_PDUsNewConnection
	integer
	NOTE 1
	Number of UE-requested PDU session establishments after REGISTRATION in a new signalling connection

	3
	px_noOf_PDNsSameConnection
	integer
	NOTE 1
	Number of UE-requested PDN connection establishments during UE registration to the EPS on the same signalling connection.

This number shall include the PDN connection which is established during the attach procedure.

	4
	px_noOf_PDNsNewConnection
	integer
	NOTE 1
	Number of UE-requested PDN connections establishments after registration in a new signalling connection

	5
	px_noOf_PDXsSameConnection_Transferred_N1S1
	integer
	NOTE 1
	Number of PDU sessions / PDN connections out of all the UE-requested PDU sessions / PDN connection establishments during UE registration to the 5GS / EPS on the same signalling connection, which the UE will transfer after inter-system change between N1/S1 modes

	6
	px_noOf_PDXsNewConnection_Transferred_N1S1
	integer
	NOTE 1
	Number of PDU sessions / PDN connections out of all the UE-requested PDU sessions / PDN connection establishments after registration in a new signalling connection, which the UE will transfer after inter-system change between N1/S1 modes

	NOTE 1:
The values of the ICS in the present table shall be calculated using the information provided in table 9.4-2.


Table 9.4-2: UE APN/DNN IXIT
	
	Parameter Name
	Parameter Type
	Default Value
	Supported Value
	Description

	APN/DNN01
	px_APN01_ID
	charstring
	internet
	
	The APN/DNN Network Identifier portion of the Access Point / Data Network Name, as defined in TS 23.003 [x1], subclause 9.1.

(NOTE 3)

	
	px_APN01_provided
	boolean
	FALSE
	
	Will the UE provide the APN/DNN or not (i.e. it needs to be provided by the NWK)?

	
	px_APN01_EPS_QoS
	charstring
	#1
	
	Reference default EPS bearer contexts as specified in TS 36.508 [10], Table 6.6.1-1.

The value provided shall include only the number taken from the title of the relevant table preceded by "#", e.g. '#1', '#2', etc.

(NOTE 4)

	
	px_APN01_5GS_QoS
	charstring
	#1
	
	Reference QoS rule as specified in subclause TS 38.508-1 [5], 4.8.2.1.

The value provided shall include only the number taken from the title of the relevant table preceded by "#", e.g. '#1', '#2', etc.

(NOTE 4)

	
	px_APN01_IMS_Signalling
	boolean
	FALSE
	
	Will IMS signalling in the U-plane take place during the default bearer establishment? TS 36.508 [10], subclause 4.5A.3

	
	px_APN01_PDN
	boolean
	TRUE
	
	Will the UE establish a PDN for this APN when on EPS?

	
	px_APN01_PDU
	boolean
	TRUE
	
	Will the UE establish a PDU for this DNN when on 5GS?

	
	px_APN01_SameConnection
	boolean
	TRUE
	
	Will the UE request PDN/PDU establishments during UE registration procedure on the same signalling connection?

(NOTE 5)

	
	px_APN01_Transferred
	boolean
	TRUE
	
	Will the PDN/PDU be transferred during inter-system change (between S1 and N1 and between N1 and S1)?

TS 24.301 [18], TS 24.501 [26]

(NOTE 5)

	APN/DNN02
	px_APN02_ID
	charstring
	ims
	
	The APN/DNN Network Identifier portion of the Access Point / Data Network Name, as defined in TS 23.003 [x1], subclause 9.1.

(NOTE 3)

	
	px_APN02_provided
	boolean
	TRUE
	
	Will the UE provide the APN/DNN or not (i.e. it needs to be provided by the NWK)?

	
	px_APN02_EPS_QoS
	charstring
	#2
	
	Reference default EPS bearer contexts as specified in TS 36.508 [10], Table 6.6.1-1.

The value provided shall include only the number taken from the title of the relevant table preceded by "#", e.g. '#1', '#2', etc.

(NOTE 4)

	
	px_APN02_5GS_QoS
	charstring
	#2
	
	Reference QoS rule as specified in TS 38.508-1 [5], subclause 4.8.2.1.

The value provided shall include only the number taken from the title of the relevant table preceded by "#", e.g. '#1', '#2', etc.

(NOTE 4)

	
	px_APN02_IMS_Signalling
	boolean
	TRUE
	
	Will IMS signalling in the U-plane take place during the default bearer establishment? TS 36.508 [10], subclause 4.5A.3

	
	px_APN02_PDN
	boolean
	TRUE
	
	Will the UE establish a PDN for this APN when on EPS?

	
	px_APN02_PDU
	boolean
	TRUE
	
	Will the UE establish a PDU for this DNN when on 5GS?

	
	px_APN02_SameConnection
	boolean
	TRUE
	
	Will the UE request PDN/PDU establishments during UE registration procedure on the same signalling connection?

(NOTE 5)

	
	px_APN02_Transferred
	boolean
	TRUE
	
	Will the PDN/PDU be transferred during inter-system change (between S1 and N1 and between N1 and S1)?

TS 24.301 [18], TS 24.501 [26]

(NOTE 5)
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	APN/DNN15
	px_APN15_ID
	charstring
	n/a
	
	The APN/DNN Network Identifier portion of the Access Point / Data Network Name, as defined in TS 23.003 [x1], subclause 9.1.

(NOTE 3)

	
	px_APN15_provided
	boolean
	
	
	Will the UE provide the APN/DNN or not (i.e. it needs to be provided by the NWK)?

	
	px_APN15_EPS_QoS
	charstring
	
	
	Reference default EPS bearer contexts as specified in TS 36.508 [10], Table 6.6.1-1.

The value provided shall include only the number taken from the title of the relevant table preceded by "#", e.g. '#1', '#2', etc.

(NOTE 4)

	
	px_APN15_5GS_QoS
	charstring
	
	
	Reference QoS rule as specified in TS 38.508-1 [5], subclause 4.8.2.1.

The value provided shall include only the number taken from the title of the relevant table preceded by "#", e.g. '#1', '#2', etc.

(NOTE 4)

	
	px_APN15_IMS_Signalling
	boolean
	
	
	Will IMS signalling in the U-plane take place during the default bearer establishment? TS 36.508 [10], subclause 4.5A.3

	
	px_APN15_PDN
	boolean
	
	
	Will the UE establish a PDN for this APN when on EPS?

	
	px_APN15_PDU
	boolean
	
	
	Will the UE establish a PDU for this DNN when on 5GS?

	
	px_APN15_SameConnection
	boolean
	
	
	Will the UE request PDN/PDU establishments during UE registration procedure on the same signalling connection?

(NOTE 5)

	
	px_APN15_Transferred
	boolean
	
	
	Will the PDN/PDU be transferred during inter-system change (between S1 and N1 and between N1 and S1)?

TS 24.301 [18], TS 24.501 [26]

(NOTE 5)

	NOTE 1:
The present table concerns parameters needed for establishing default EPS bearers (and their context) for PDN connections to APNs pre-configured, in the UE (including the USIM), and/or, DNNs in the case of access to 5GS. For simplicity the parameters names use the notation "APN" although it may be a DNN from UE point of view.
The parameters are grouped in groups with members relevant to one particular APN/DNN identified by its ID parameter. In the present version of the specification it is assumed that a maximum of 15 (including the default if there is a default) APNs can be specified. This assumption is based on the requirement that max of 15 EPS contexts can be active in parallel as specified in TS 24.301 [18], subclause 6.5.0 (the clause in general specified how the UE determines the UE's maximum number of active EPS bearer contexts in a PLMN). This max number is applied also to DNNs


NOTE 2;
For each IUT it shall be ensured that all pre-configured APN/DNN relevant information is reflected in the present table. And, all ID parameters shall be set to "n/a" if they are not configured.
If in a test the UE tries to establish a PDN connection to an APN / PDU session to and DNN for which details are not provided, this may fail the test. Similarly a test may fail if ID parameters values are not set to "n/a" if an APN/DNN with that ID is not pre-configured in the UE


NOTE 3:
The ID parameters should be set in accordance with the UE configuration. The 'ims' name shall be used only for APN/DNNs which comply with IR.92 [x2]. In the case of a default APN/PDN, i.e. an APN/PDN for which the px_APNxx_provided is set to FALSE, any character string can be entered as long as it complies with the UE configuration e.g if the default APN is for IMS services then the 'ims' shall be entered as APN name.
All ID parameters shall be set to "n/a" if they are not configured. When the ID parameter is set to "n/a" then the relevant to that same APN/DNN other parameters shall be ignored.

NOTE 4:
Only specified in the relevant test specification QoS can be listed. If the expected QoS in not specified then it needs to be specified before it can be referred to.

NOTE 5:
It is assumed that if an APN will be accessed on both 5GS and EPS then the relevant to each case PDU/PDN will be established in both cases either on the same connection or on a new connection, and, they will both be either transferrable or not.


An example how these IXIT are then used in tests:

Conditions definition ...

	Condition
	Explanation

	DefaultDNN
	Usage: Condition determining specific message contents.

Meaning: The UE does not provide a DNN in the UL NAS TRANSPORT sent prior to the message containing the condition.

	IMSSignallingUplane
	Usage: Parameter determining procedure sequence.


Whether the value of the parameter is TRUE or FALSE is determined by IXIT for the particular DNN for which the PDU session is established specified in TS 38.523-3 [23], Table 9.4-2. For example for the DNN specified in px_APN01_ID, this will be provided by the px_APN01_IMS_Signalling.

Meaning: For the DNN to which a PDU session is to be established, IMS signalling in the U-plane will take place during the default bearer establishment.

	ExpectedNumberOfNewPDUSessions
	Usage: Parameter determining procedure sequence.


A value for this parameter shall be provided when the procedure is called.


Unless the test requires specific number of PDU sessions to be established the value should be either px_noOf_PDUsSameConnection or px_noOf_PDUsNewConnection, as specified in TS 38.523-3 [23], table 9.4-2.

Meaning: The number of PDU sessions which are expected to happen. Depends on the UE configuration and/or the context in which the procedure is used.


Procedure description ...

	-
	EXCEPTION: Step 6a1 describes behaviour depending UE implementation; the "lower case letter" identifies a step sequence that take place if the UE performs a specific action.
	-
	-

	6a1
	IF IMSSignallingUplane THEN the generic procedure for IMS signalling in the U-plane specified in subclause 4.5A.4 takes place.
	-
	-


Specific message content ...

Table 4.5A.2.2.3-3: UL NAS TRANSPORT (step 1, Table 4.5A.2.2.2-2)

	Derivation Path: Table 4.7.1-10.

	Information Element
	Value/remark
	Comment
	Condition

	DNN
	pc_APNxx_ID
	One of the DNNs provided in TS 38.523-3 [23], Table 9.4-2 for which the pc_APNxx_provided=TRUE.

"xx" is used here for presentation purposes.
	NOT DefaultDNN

	
	Not present
	
	DefaultDNN


Procedure description ...

	12Aa1
	IF 'Interworking without N26 interface not supported' THEN

IF this is the first time in a test case that the UE moves from S1 to N1 THEN

UE performs the procedure for UE-requested PDU session modification after the first S1 to N1 mode change according to Table 4.9.14.2.2-1, with ExpectedNumberOfPDUSessionModifications = (px_noOf_PDXsSameConnection_Transferred_N1S1 + px_noOf_PDXsNewConnection_Transferred_N1S1).

(NOTE 2, NOTE 3, NOTE 4)
	-
	-
	-
	-

	-
	EXCEPTION: Steps 12Aa2a1 to 12Aa2a9 describe a step sequence depending on test case scenario; the "lower case letter" identifies a step sequence that take place if the UE performs a specific action.
	-
	-
	-
	-

	12Aa2a1
	IF (px_noOf_PDUsNewConnection - px_noOf_PDXsNewConnection_Transferred_N1S1)> 0 THEN the SS transmits an RRCRelease message to release RRC connection and moves the UE to RRC_IDLE.
	<--
	NR RRC: RRCRelease
	-
	-

	12Aa2a2-12Aa2a9
	Steps 1-8 of the procedure in table 4.5.2.2-4 take place.

For the referred in step 8, table 4.5.2.2-4, generic procedure for UE-requested PDU session establishment, specified in subclause 4.5A.2, the ExpectedNumberOfNewPDUSessions = (px_noOf_PDUsNewConnection - px_noOf_PDXsNewConnection_Transferred_N1S1).
	-
	-
	-
	-


