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1. Abstract
This paper analyzes stage-2 requirements on URSP provisioning in EPS.
This paper evaluates solutions available in May 2023 CT1 meeting in various real world deployment cases.
2. Discussion
2.1 Introduction
23.501 contains stage-2 requirements for providing UE STATE INDICATION in EPS when URSP provisioning in EPS is supported.
2.2 Stage-2 analysis
23.501 (based on S2-2305475) states:
-----------------
During Initial Attach with default PDN connection establishment procedure in EPS, the UE provides the Indication of URSP Provisioning Support in EPS PCO in the PDN connectivity request to SMF+PGW-C. If the SMF+PGW-C supports URSP provisioning in EPS, it provides the Indication of URSP Provisioning Support in EPS PCO to UE in the PDN Connectivity Accept message.
NOTE 1:	The ePCO capability negotiation between UE and network is done during Attach procedure as defined in TS 24.301 [13].
When the UE receives the URSP Provisioning Support in EPS PCO and ePCO support indication from EPC, then the UE initiates the UE requested bearer resource modification procedure and includes the UE Policy Container ePCO in the Request Bearer Resource Modification message, the UE Policy Container ePCO will be further forwarded by MME to SMF+PGW-C. When the UE Policy Container ePCO is received by SMF+PGW-C, it forwards transparently the UE Policy Container to PCF for the PDU Session, then the PCF for the PDU Session establishes the UE Policy Association with PCF for the UE. The PCF for the UE generates the corresponding URSP rules in a similar way as it is done in 5GS and sends the URSP rules to UE in the UE Policy Container as described in clause 4.11.0a.5 of TS 23.502 [3].
If the UE does not receive the URSP Provisioning Support in EPS PCO and ePCO support indication from EPC, then the UE does not initiate the UE requested bearer resource modification procedure to send the UE Policy Container ePCO to EPC.
-----------------
In stage-3 terms, stage-2 requirements require:
-	UE indicates support of URSP provisioning in EPS in PDN CONNECTIVITY REQUEST included in ATTACH REQUEST;
-	network indicates support of URSP provisioning in EPS in ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST;
-	if the network indicates support of URSP provisioning in EPS in ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST, the UE provides UE STATE INDICATION in BEARER RESOURCE MODIFICATION REQUEST otherwise the UE does not provide UE STATE INDICATION.
Stage-2 requirements mandate usage of ePCO IE in BEARER RESOURCE MODIFICATION REQUEST.
Stage-2 requirements do not restrict APN indicated in the PDN CONNECTIVITY REQUEST included in ATTACH REQUEST, so the PDN connection where URSP provisioning in EPS is to be used can also be used for existing services (e.g. Internet, MMS, IMS, ....)
Stage-2 requirements do not restrict the functionality above by UE configuration.
2.3 Stage-3 solution provided or discussed so far
2.3.1 Solution-1 from Ericsson
This solution is documented in C1-234046 and C1-234306.
The principles of this solution are:
-	the UE includes the URSP provisioning in EPS support indicator in the PDN CONNECTIVITY REQUEST message;
-	the network includes the URSP provisioning in EPS support indicator in the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST message; and
-	if the URSP provisioning in EPS support indicator is in the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST message, the UE includes the UE policy container with length of two octets containing the UE STATE INDICATION message in the BEARER RESOURCE MODIFICATION REQUEST message.
This solution is aligned with stage-2 requirements.
This solution is aligned with stage-3 requirements as in TS 24.301 subclauses 6.6.1.1, 8.3.20.4, 8.3.20.8.
This solution is complete.
2.3.2 Solution-2 from Lenovo
This solution is documented in C1-233344 and C1-234309.
The principles of this solution are:
-	the UE includes the UE policy management support (in PCO IE) and the UE policy container with length of two octets containing the UE STATE INDICATION message (in ePCO IE) in the PDN CONNECTIVITY REQUEST message.
NOTE:	The UE includes the UE policy container with length of two octets in ePCO IE of the PDN CONNECTIVITY REQUEST message even if the network does not support URSP provisioning in EPS.
-	if the UE policy management support (in PCO IE) and the UE policy container with length of two octets containing the UE STATE INDICATION message (in ePCO IE) are in the PDN CONNECTIVITY REQUEST message, the network includes the UE policy management in the EPS in the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST message.
This solution contradicts stage-2 as:
-	the UE policy container with length of two octets is included in a message different than expected in stage-2.
	the UE policy container with length of two octets is included regardless whether the network supports UE policy container with length of two octets.
This solution contradicts stage-3 requirements as in TS 24.301 subclauses 6.6.1.1, 8.3.20.4, 8.3.20.8.
This solution is incomplete as it does not specify whether the legacy PCO parameters (e.g. PDU session ID, P-CSCF Re-selection support, 3GPP PS data off UE status, ATSSS request, PCO parametes for operator specific use ....) are included in PCO IE, ePCO IE or both, of the PDN CONNECTIVITY REQUEST message.
2.3.3 Solution-3
This solution was verbally mentioned in May 2023 CT1 meeting. CRs with this solution were not provided.
The principles of this solution are:
-	the UE includes the UE policy container with length of two octets containing the UE STATE INDICATION message (in ePCO IE) in the PDN CONNECTIVITY REQUEST message.
NOTE:	The UE includes the UE policy container with length of two octets in ePCO IE of the PDN CONNECTIVITY REQUEST message even if the network does not support URSP provisioning in EPS.
-	ePCO IE is included in the PDN CONNECTIVITY REQUEST message and carries all PCO parameters, including legacy PCO parameters.
-	PCO IE is NOT included in the PDN CONNECTIVITY REQUEST message.
This solution contradicts stage-2 as:
-	the UE policy container with length of two octets is included in a message different than expected in stage-2.
	the UE policy container with length of two octets is included regardless whether the network supports UE policy container with length of two octets.
This solution contradicts stage-3 requirements as in TS 24.301 subclauses 6.6.1.1, 8.3.20.4, 8.3.20.8.
2.4 Evaluation of solutions in different deployments
2.4.1 Case-1
Deployment: UE is in WB-S1 mode, the PDN connection is IP based and not for APN for UAS services. The network supports URSP provisioning in EPS.
Evaluation of solution-1:
The UE includes URSP provisioning in EPS support indicator in PCO IE (based on TS 24.301 6.6.1.1) of PDN CONNECTIVITY REQUEST. The protocol configuration options (including any legacy PCO parameters) are correctly handled by the network since support of PCO IE in PDN CONNECTIVITY REQUEST is mandatory since Rel-8.
The network includes URSP provisioning in EPS support indicator in ePCO IE of ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST.
Since the URSP provisioning in EPS support indicator is in the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST message, the UE includes the UE STATE INDICATION in the UE policy container with length of two octets in the protocol configuration options carried in ePCO IE of BEARER RESOURCE MODIFICATION REQUEST. The UE STATE INDICATION is handled correctly since SMF+PGW-C supports the URSP provisioning in EPS and thus supports the UE policy container with length of two octets.
As result:
-	UE STATE INDICATION is provided fine.
-	legacy PCO parameters in PDN CONNECTIVITY REQUEST are correctly received so existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) work fine.
Evaluation of solution-2:
The UE includes UE policy management support (in PCO IE) and the UE policy container with length of two octets containing the UE STATE INDICATION (in ePCO IE) in the PDN CONNECTIVITY REQUEST.
Since the UE policy management support (in PCO IE) and the UE policy container with length of two octets containing the UE STATE INDICATION message (in ePCO IE) are in the PDN CONNECTIVITY REQUEST message, the network includes the UE policy management in the EPS in the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST message.
As result:
-	UE STATE INDICATION is provided fine.
-	it is not possible to evaluate whether the existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) work, as the solution does not specify in which IE (in PCO IE, ePCO IE or both) of PDN CONNECTIVITY REQUEST the UE includes the legacy PCO parameters.
Evaluation of solution-3:
The UE includes the UE policy container with length of two octets containing the UE STATE INDICATION (in ePCO IE) in the PDN CONNECTIVITY REQUEST. The UE also includes any legacy PCO parameters in ePCO IE of the PDN CONNECTIVITY REQUEST. 
NOTE:	PCO IE is not included in the PDN CONNECTIVITY REQUEST.
MME supports the URSP provisioning in EPS and thus forwards ePCO IE to the SMF+PGW-C in Create Session Request.
The UE STATE INDICATION is handled correctly since SMF+PGW-C supports the URSP provisioning in EPS and thus supports the UE policy container with length of two octets.
Legacy PCO parameters are handled correctly since SMF+PGW-C supports the URSP provisioning in EPS and supports ePCO IE in Create Session Request.
As result:
-	UE STATE INDICATION is provided fine.
-	legacy PCO parameters in PDN CONNECTIVITY REQUEST are correctly received so existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) work fine.
2.4.2 Case-2
Deployment: UE is in WB-S1 mode, the PDN connection is IP based and not for APN for UAS services. The network does NOT support URSP provisioning in EPS and does not support ePCO IE.
NOTE:	When a network does not support NB-S1 mode, non-IP and Ethernet PDN types, inter-system change with 5GS, UAS services, and enforcement of use of DNS over (D)TLS, network is not required to support ePCO IE.
Evaluation of solution-1:
The UE includes URSP provisioning in EPS support indicator in PCO IE (based on TS 24.301 6.6.1.1) of PDN CONNECTIVITY REQUEST. The protocol configuration options (including any legacy PCO parameters) are correctly handled by the network since support of PCO IE in PDN CONNECTIVITY REQUEST is mandatory since Rel-8.
Since the network does not support URSP provisioning in EPS, network does not include any indications related to the URSP provisioning in EPS in ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST.
Since the URSP provisioning in EPS support indicator is not in the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST message, the UE does not provide the UE STATE INDICATION.
As result:
-	UE STATE INDICATION is NOT provided. This is OK since network does not support URSP provisioning in EPS.
-	legacy PCO parameters in PDN CONNECTIVITY REQUEST are correctly received so existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) work fine.
Evaluation of solution-2:
The UE includes UE policy management support (in PCO IE) and the UE policy container with length of two octets containing the UE STATE INDICATION (in ePCO IE) in the PDN CONNECTIVITY REQUEST.
Since the network does not support URSP provisioning in EPS, network does not include any indications related to the URSP provisioning in EPS in ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST. Since ePCO IE is an unknown IE for the network, the network ignores ePCO IE.
As result:
-	UE STATE INDICATION is provided and ignored. This is OK since network does not support URSP provisioning in EPS.
-	it is not possible to evaluate whether the existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) work, as the solution does not specify in which IE (in PCO IE, ePCO IE or both) of PDN CONNECTIVITY REQUEST the UE includes the legacy PCO parameters.
Evaluation of solution-3:
The UE includes the UE policy container with length of two octets containing the UE STATE INDICATION (in ePCO IE) in the PDN CONNECTIVITY REQUEST. The UE also includes any legacy PCO parameters in ePCO IE of the PDN CONNECTIVITY REQUEST. 
NOTE:	PCO IE is not included in the PDN CONNECTIVITY REQUEST.
Since ePCO IE is not supported by the network, the network ignores ePCO IE.
As result:
-	UE STATE INDICATION is provided and ignored. This is OK since network does not support URSP provisioning in EPS.
-	existing services of the PDN connection requiring protocol configuration options in PDN CONNECTIVITY REQUEST do not work, as protocol configuration options were included in ePCO IE of PDN CONNECTIVITY REQUEST and ePCO IE is an unknown IE for the network and thus ignored by the network.
2.4.3 Case-3
Deployment: UE is in WB-S1 mode, the PDN connection is IP based and not for APN for UAS services. The network does NOT support URSP provisioning in EPS and is Rel-17 only complaint, MME supports ePCO IE, P-GW (or SMF/PGW-C) of the PDN connection supports ePCO IE.
Evaluation of solution-1:
The UE includes URSP provisioning in EPS support indicator in PCO IE (based on TS 24.301 6.6.1.1) of PDN CONNECTIVITY REQUEST. The protocol configuration options (including any legacy PCO parameters) are correctly handled by the network since support of PCO IE in PDN CONNECTIVITY REQUEST is mandatory since Rel-8.
Since the network does not support URSP provisioning in EPS, network does not include any indications related to the URSP provisioning in EPS in ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST.
Since the URSP provisioning in EPS support indicator is not in the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST message, the UE does not provide the UE STATE INDICATION.
As result:
-	UE STATE INDICATION is NOT provided. This is OK since network does not support URSP provisioning in EPS.
-	legacy PCO parameters in PDN CONNECTIVITY REQUEST are correctly received so existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) work fine.
Evaluation of solution-2:
The UE includes UE policy management support (in PCO IE) and the UE policy container with length of two octets containing the UE STATE INDICATION (in ePCO IE) in the PDN CONNECTIVITY REQUEST.
Since the UE breaks 24.301 subclauses 6.6.1.1, 8.3.20.4, 8.3.20.8 Rel-17, the MME (which is compliant to Rel-17 only) can consider inclusion of both ePCO IE and PCO IE as a semantic error, as 24.007 states "A message is defined to have semantically incorrect contents if it contains information which, possibly dependant on the state of the receiver, is in contradiction to the resources of the receiver and/or to the procedural part.". As the message is semantically incorrect, the MME acts as in 24.301 subclause 7.8 and depending on the MME implentation can (a) ignore ePCO IE and forward towards the P-GW (or SMF/PGW-C) only PCO IE, (b) ignore PCO IE and forward towards the P-GW (or SMF/PGW-C) only ePCO IE, or (c) forward towards the P-GW (or SMF/PGW-C) both PCO IE and ePCO IE.
If the MME ignores ePCO IE and forwards towards the P-GW (or SMF/PGW-C) only PCO IE, it is not possible to evaluate whether the existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) work, as as the solution does not specify in which IE (in PCO IE, ePCO IE or both) of PDN CONNECTIVITY REQUEST the UE includes the legacy PCO parameters.
If the MME ignores PCO IE and forwards towards the P-GW (or SMF/PGW-C) only ePCO IE, the P-GW (or the SMF/PGW-C) is unable to skip the UE policy container with length of two octets in ePCO IE as the P-GW (or SMF/PGW-C) is unaware that this PCO parameter has length indicator (i.e. the length of container ID n+1 contents field) of two octets. As result, the P-GW (or SMF/PGW-C) considers that the UE policy container with length of two octets is an unknown PCO parameter with length of one octet and determines the length of this unknown PCO parameter from only the 1st octet of the length field of the UE policy container with length of two octets, and handles the 2nd octet of the length field of the UE policy container with length of two octets as the 1st octet of the value of the unknown PCO parameter. Octets of the value of the UE policy container with length of two octets after the incorrectly determines length will be considered as additional PCO parameters. As result, P-GW (or SMF/PGW-C) will determine incorrect legacy PCO parameters.
If the MME forwards towards the P-GW (or SMF/PGW-C) both PCO IE and ePCO IE, it is not specified whether the P-GW (or SMF/PGW-C) would use PCO parameters from only PCO IE, only ePCO IE, or both PCO IE and ePCO IE. Thus, depending on implentation, the P-GW (or SMF/PGW-C) can (a) ignore ePCO IE and use parameters from only PCO IE, (b) ignore PCO IE and use parameters from only ePCO IE, (c) use parameters from both PCO IE and ePCO IE. For (c), if a PCO parameter is in both PCO IE and ePCO IE, it is not specified whether the value is taken from PCO IE or ePCO IE.
If the MME forwards towards the P-GW (or SMF/PGW-C) both PCO IE and ePCO IE and the P-GW (or SMF/PGW-C) uses PCO parameters from:
-	PCO IE, it is not possible to evaluate whether the existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) work, as the solution does not specify in which IE (in PCO IE, ePCO IE or both) of PDN CONNECTIVITY REQUEST the UE includes the legacy PCO parameters.
-	ePCO IE only, P-GW (or SMF/PGW-C) is unable to skip the UE policy container with length of two octets as the P-GW (or SMF/PGW-C) and determines incorrect legacy PCO parameters, due to the same reason as identified above for situation when the the MME ignores PCO IE and forwards towards the P-GW (or SMF/PGW-C) only ePCO IE. Furthermore, it is not possible to evaluate whether the existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) work, as the solution does not specify in which IE (in PCO IE, ePCO IE or both) of PDN CONNECTIVITY REQUEST the UE includes the legacy PCO parameters.
-	both PCO IE and ePCO IE, P-GW (or SMF/PGW-C) is unable to skip the UE policy container with length of two octets as the P-GW (or SMF/PGW-C) and determines incorrect legacy PCO parameters, due to the same reason as identified above for situation when the the MME ignores PCO IE and forwards towards the P-GW (or SMF/PGW-C) only ePCO IE. The determined incorrect legacy PCO parameters can include PCO parameters with the same container ID as PCO parameters in PCO IE, and depending on the P-GW (or SMF/PGW-C) implementation, the P-GW (or SMF/PGW-C) would use the PCO parameters from PCO IE or the determined incorrect legacy PCO parameters from ePCO IE.
As result:
-	UE STATE INDICATION is provided but NOT handled. This is OK since network does not support URSP provisioning in EPS.
-	Existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) will not work, as legacy PCO parameters in PDN CONNECTIVITY REQUEST are not correctly received.
Evaluation of solution-3:
The UE includes the UE policy container with length of two octets containing the UE STATE INDICATION (in ePCO IE) in the PDN CONNECTIVITY REQUEST. The UE also includes any legacy PCO parameters in ePCO IE of the PDN CONNECTIVITY REQUEST. 
NOTE:	PCO IE is not included in the PDN CONNECTIVITY REQUEST.
Since the UE breaks 24.301 subclauses 6.6.1.1, 8.3.20.4, 8.3.20.8 Rel-17, the MME (which is compliant to Rel-17 only) can consider inclusion of ePCO IE as a semantic error, as 24.007 states "A message is defined to have semantically incorrect contents if it contains information which, possibly dependant on the state of the receiver, is in contradiction to the resources of the receiver and/or to the procedural part.". As the message is semantically incorrect, the MME acts as in 24.301 subclause 7.8 and depending on the MME implentation can (a) ignore ePCO IE, or (b) forward ePCO IE towards the P-GW (or SMF/PGW-C).
If the MME ignores ePCO IE, existing services of the PDN connection requiring protocol configuration options in PDN CONNECTIVITY REQUEST do not work, as protocol configuration options were included in ePCO IE of PDN CONNECTIVITY REQUEST and ePCO IE was ignored by the MME.
If the MME forwards ePCO IE towards the P-GW (or SMF/PGW-C), the P-GW (or the SMF/PGW-C) is unable to skip the UE policy container with length of two octets in ePCO IE as the P-GW (or SMF/PGW-C) is unaware that this PCO parameter has length indicator (i.e. the length of container ID n+1 contents field) of two octets. As result, the P-GW (or SMF/PGW-C) considers that the UE policy container with length of two octets is an unknown PCO parameter with length of one octet and determines the length of this unknown PCO parameter from only the 1st octet of the length field of the UE policy container with length of two octets, and handles the 2nd octet of the length field of the UE policy container with length of two octets as the 1st octet of the value of the unknown PCO parameter. Octets of the value of the UE policy container with length of two octets after the incorrectly determines length will be considered as additional PCO parameters. As result, P-GW (or SMF/PGW-C) will determine incorrect legacy PCO parameters.
As result:
-	UE STATE INDICATION is provided but NOT handled. This is OK since network does not support URSP provisioning in EPS.
-	Existing services of the PDN connection (including existing services requiring protocol configuration options in PDN CONNECTIVITY REQUEST) will not work, as legacy PCO parameters in PDN CONNECTIVITY REQUEST are not correctly received.
3 Conclusion
	
	Solution-1
	Solution-2
	Solution-3

	Is aligned with stage-2 requirements?
	Yes
	No
	No

	Is aligned with stage-3 requirements as in TS 24.301 subclauses 6.6.1.1, 8.3.20.4, 8.3.20.8?
	Yes
	No
	No

	Is complete solution?
	Yes
	No
	Not possible to evaluate as solution was only mentioned verbally

	Works in case-1?
	Yes
UE STATE INDICATION is correctly received.
Legacy PCO parameters are correctly received, i.e. existing services of the PDN connection work.
	No
UE STATE INDICATION is correctly received.
Not possible to evaluate whether the existing services of the PDN connection work as the solution is incomplete.
	Yes
UE STATE INDICATION is correctly received.
Legacy PCO parameters are correctly received, i.e. existing services of the PDN connection work.

	Works in case-2?
	Yes.
Legacy PCO parameters are correctly received - existing services work.
NOTE: UE STATE INDICATION is not transported (OK as network does not support URSP provisioning in EPS)
	No.
Not possible to evaluate whether the existing services of the PDN connection work as the solution is incomplete.
NOTE: UE STATE INDICATION is transported and discarded (OK as network does not support URSP provisioning in EPS)
	No.
Legacy PCO parameters are NOT correctly received - existing services do NOT work.
NOTE: UE STATE INDICATION is transported and discarded (OK as network does not support URSP provisioning in EPS)

	Works in case-3?
	Yes.
Legacy PCO parameters are correctly received - existing services work.
NOTE: UE STATE INDICATION is not transported (OK as network does not support URSP provisioning in EPS)
	No.
Not guaranteed that legacy PCO parameters are transported, i.e. existing services of the PDN connection not guaranteed to work. PCO parameters can be decoded incorrectly.
NOTE: UE STATE INDICATION is transported and discarded (OK as network does not support URSP provisioning in EPS)
	No.
Legacy PCO parameters are NOT correctly received - existing services do NOT work.
NOTE: UE STATE INDICATION is transported and discarded (OK as network does not support URSP provisioning in EPS)



4. Proposal
It is proposed to discuss the above and agreed related CRs.
