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1. Introduction
In CT1#120, the agreed document C1-196978 specified that, during a network initiated PDU session modification procedure, the UE shall first complete the ongoing procedure (i.e. send the PDU SESSION MODIFICATION COMPLETE message) before sending a PDU SESSION MODIFICATION REQUEST message to delete an erroneous QoS rule for the same PDU session identity. Otherwise the network will ignore the 5GSM message from the UE as specified in case d) of section 6.3.2.5 (copied below):
d)
Collision of UE-requested PDU session modification procedure and network-requested PDU session modification procedure.


If the network receives a PDU SESSION MODIFICATION REQUEST message during the network-requested PDU session modification procedure, and the PDU session indicated in the PDU SESSION MODIFICATION REQUEST message is the PDU session that the network had requested to modify, the network shall ignore the PDU SESSION MODIFICATION REQUEST message received in the state PDU SESSION MODIFICATION PENDING. The network shall proceed with the network-requested PDU session modification procedure as if no PDU SESSION MODIFICATION REQUEST message was received from the UE.

The main condition for the SMF to ignore the 5GSM message from the UE is the 5GSM state “PDU SESSION MODIFICATION PENDING” which the SMF enters upon transmission of the PDU SESSION MODIFICATION COMMAND message as shown in Figure 6.1.3.3.1.1 of TS 24.501 (see below):
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When the UE initiates a PDU session modification procedure by sending a PDU SESSION MODIFICATION REQUEST message, the SMF (if it accepts the message) responds by sending the PDU SESSION MODIFICATION COMMAND message and then enters the 5GSM state “PDU SESSION MODIFICATION PENDING”. This means that if the UE sends another PDU SESSION MODIFICATION REQUEST message before the existing procedure is completed, the SMF will ignore the new 5GSM message and proceed with the existing procedure. This can cause a lot of signalling and delays as will be described next for which this document proposes a way forward.

Observation 1: the UE cannot initiate a new PDU session modification procedure before the completion of any existing PDU session modification procedure.
2. Discussion

During a PDU session modification procedure, the UE can detect different errors related with the mapped EPS bearer contexts, QoS rules or QoS flow descriptions. The table below provides some excerpts from sections 6.3.2.3 and 6.3.2.4 of TS 24.501 on the different error types, and cases per error type, for which the UE sends a PDU SESSION MODIFICATION REQUEST message with a specific 5GSM cause:
	Type of Error
	UE Behavior per Error Case
	5GSM cause code

	Semantic error in the mapped EPS bearer operation
	Otherwise, after sending the PDU SESSSION MODIFICATION COMPLETE for the ongoing PDU session modification procedure, the UE shall initiate a PDU session modification procedure by sending a PDU SESSION MODIFICATION REQUEST message to delete the mapped EPS bearer context with 5GSM cause #85 "Invalid mapped EPS bearer identity"
	#85 "Invalid mapped EPS bearer identity"

	Semantic errors in TFT operations
	In case iii, if the packet filters belong to a dedicated EPS bearer context, the UE shall process the new deletion request and, if no error according to items b, c, and d was detected, after sending the PDU SESSSION MODIFICATION COMPLETE for the ongoing PDU session modification procedure, the UE shall initiate a PDU session modification procedure by sending a PDU SESSION MODIFICATION REQUEST message to delete the mapped EPS bearer context with 5GSM cause #41 "semantic error in the TFT operation"
	#41 "semantic error in the TFT operation"

	Syntactical error in the TFT operation
	Otherwise, after sending the PDU SESSSION MODIFICATION COMPLETE for the ongoing PDU session modification procedure, the UE shall initiate a PDU session modification procedure by sending a PDU SESSION MODIFICATION REQUEST message to delete the mapped EPS bearer context with 5GSM cause #42 "syntactical error in the TFT operation".
	#42 "syntactical error in the TFT operation"

	Semantic errors in packet filters
	After sending the PDU SESSSION MODIFICATION COMPLETE for the ongoing PDU session modification procedure, the UE shall initiate a PDU session modification procedure by sending a PDU SESSION MODIFICATION REQUEST message to delete the mapped EPS bearer context with 5GSM cause #44 "semantic errors in packet filter(s)".
	#44 "semantic errors in packet filter(s)"

	Syntactical errors in packet filters
	In case i, if two or more packet filters with identical packet filter identifiers are contained in the new request, after sending the PDU SESSSION MODIFICATION COMPLETE for the ongoing PDU session modification procedure, the UE shall initiate a PDU session modification procedure by sending a PDU SESSION MODIFICATION REQUEST message to delete the mapped EPS bearer context with 5GSM cause #45 "syntactical error in packet filter(s)".

…

Otherwise, after sending the PDU SESSSION MODIFICATION COMPLETE for the ongoing PDU session modification procedure, the UE shall initiate a PDU session modification procedure by sending a PDU SESSION MODIFICATION REQUEST message to delete the mapped EPS bearer context with 5GSM cause #45 "syntactical error in packet filter(s)"
	#45 "syntactical error in packet filter(s)"

	Semantic errors in QoS operations
	In case 5, if the old QoS rule (i.e. the QoS rule that existed before the PDU SESSION MODIFICATION COMMAND message was received) is not the default QoS rule, the UE shall not diagnose an error, shall further process the new request and, if it was processed successfully, shall delete the old QoS rule which has identical precedence value. Furthermore, the UE shall send a PDU SESSION MODIFICATION REQUEST message with 5GSM cause #83 "semantic error in the QoS operation" to delete the QoS rule.
In case 6, if the QoS rule is not the default QoS rule, the UE shall send a PDU SESSION MODIFICATION REQUEST message with 5GSM cause #83 "semantic error in the QoS operation" to delete the QoS rule.
	#83 "semantic error in the QoS operation"


Observation 2a: during a single network initiated PDU session modification procedure, the UE may detect numerous and different errors with the mapped EPS bearer contexts or QoS rules.

Based on Observation 2a, the UE would need numerous PDU session modification procedures to report the different types of detected errors since the current PDU SESSION MODIFICATION REQUEST message can only include one 5GSM cause IE. Moreover, as per Observation 1, the UE would need to first complete one PDU session modification procedure before a second one can be started and so on.
Observation 2b: if 6 different error types that are detected as listed above, the UE is then required to initiate 6 PDU session modification procedures since only one 5GSM cause code can be reported at a time.
When the UE sends a PDU SESSION MODIFICATION REQUEST message, the SMF (if it accepts the procedure) will send a PDU SESSION MODIFICATION COMMAND message that finally results in the UE sending a PDU SESSION MODIFICATION COMPLETE message. Therefore, one PDU session modification procedure results in 3 5GSM messages that are sent over the air (OTA).

Therefore, a total of 18 OTA messages will be needed if the UE needs to report 6 different 5GSM causes resulting from 6 different errors as described above.

Observation 2c: for 6 different detected errors, a total of 18 5GSM messages will be sent OTA.
Note that the need to perform a PDU session modification procedure due to errors can also happen during a PDU session establishment procedure as copied in the table below from section 6.4.1.3:
	Type of Error
	UE Behavior per Error Case
	5GSM cause code

	Semantic errors in QoS operations
	In case 4, if the rule operation is for a non-default QoS rule, the UE shall send a PDU SESSION MODIFICATION REQUEST message to delete the QoS rule with 5GSM cause #83 "semantic error in the QoS operation".

In case 6, the UE shall send a PDU SESSION MODIFICATION REQUEST message to delete the QoS flow description with 5GSM cause #83 "semantic error in the QoS operation".
	#83 "semantic error in the QoS operation"

	Syntactical errors in QoS operations
	In case 1, case 2 or case 3, if the QoS rule is not the default QoS rule, the UE shall send a PDU SESSION MODIFICATION REQUEST message including a requested QoS rule IE to delete the QoS rule with 5GSM cause #84 "syntactical error in the QoS operation".
	#84 "syntactical error in the QoS operation"

	Semantic errors in packet filters
	Otherwise, the UE shall send a PDU SESSION MODIFICATION REQUEST message to delete the QoS rule with 5GSM cause #44 "semantic error in packet filter(s)"
	#44 "semantic error in packet filter(s)"

	Syntactical errors in packet filters
	Otherwise, the UE shall send a PDU SESSION MODIFICATION REQUEST message to delete the QoS rule with 5GSM cause #45 "syntactical errors in packet filter(s)"
	#45 "syntactical errors in packet filter(s)"


Observation 2d: sending several PDU SESSION MODIFICATION REQUEST messages to report different errors related to QoS rules or QoS flow descriptions can occur during a PDU session establishment procedure i.e. some of the observations above are not limited to a PDU session modification procedure only.
Possible solutions to avoid the drawbacks discussed above are proposed in the next section.
3. Solutions

Two possible methods can be used to avoid sending numerous 5GSM messages by the UE as discussed previously.
Option 1: the UE can request several operations e.g. to delete more than one erroneous QoS rule and/or to delete more than one mapped EPS bearer context and/or to delete more than on QoS flow descriptions, however, the UE includes one 5GSM cause code even if it does not reflect the cause for some of the delete operations. 

For example, if the UE detects a Semantic error in the mapped EPS bearer operation, a Semantic errors in QoS operations, and Syntactical errors in QoS operations, the UE sets the 5GSM cause to #85 "Invalid mapped EPS bearer identity" or #83 "semantic error in the QoS operation" or #84 "syntactical error in the QoS operation". Which value the UE sets the 5GSM cause to would be up to UE implementation.
Option 2: enable a method by which the UE can indicate more than one 5GSM cause when several different errors are detected. For this to work, the UE and the SMF have to support this method and therefore a capability indication needs to be negotiated at the 5GSM layer.

If supported by both the UE and SMF, the UE can indicate multiple 5GSM cause codes by means of a new IE. 
The table below summarized the pros and cons of these options.
	
	Pros
	Cons

	Option 1
	· Backwards compatible

· Does not require a new IE
	· SMF cannot know all the encountered errors in the UE i.e. only one 5GSM cause code is reported

	Option 2
	· Backwards compatible

· Multiple errors can be reported

· Reduced 5GSM signalling when multiple errors exist 
	· Exchange of capability indication required

· New IE required


Although with Option 1 the SMF will not be aware of each and every error, the solution can allow the UE to delete multiple erroneous QoS rules, QoS flow descriptions, and mapped EPS bearer contexts using one procedure, which reduces the number of signalling that network would experience. 
Proposal 1: adopt Option 1 as a way forward.

Observation 3a: although option 1 doesn’t allow the SMF to know all the errors encountered by the UE, it enables the deletion of multiple erroneous QoS rules, QoS flow descriptions, and mapped EPS bearer contexts using one 5GSM procedure while reducing overall signalling in the system.
If Option 2 is deemed preferable, then the following would need to be modified to enable this option:

1. The UE indicates its capability to report multiple 5GSM cause codes in the 5GSM capability IE

2. The SMF indicates in the 5GSM network feature support IE that it supports and allows the use of multiple 5GSM cause codes 

3. A 5GSM cause code should be reported for each delete operation as otherwise it may not be possible to correlate the operation with the 5GSM cause

· Note: from the tables above, all the operations to recover from the detected errors are delete operations 

Bullet 3) above can be enabled by appending a 5GSM cause field to the QoS rule and QoS flow description as shown below:
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Figure 9.11.4.13.2: QoS rule (u=m+2)
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Figure 9.11.4.12.2: QoS flow description 
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Figure 9.11.4.8.2: Mapped EPS bearer context

Note that the above can be done because:

· For the QoS rule, if the operation is “Delete existing QoS rule”, the packet filter list shall be empty. Hence, the 5GSM cause value can be appended directly after octet 7 in Figure 9.11.4.13.2
· For the QoS flow description, if the operation is “Delete existing QoS flow description”, the E bit is encoded as 0 i.e. “parameters list is not included”. This means the 5GSM cause value can be appended directly after octet 6

· For the Mapped EPS bearer context, if the operation is “Delete existing EPS bearer”, bit 5 of octet 7 (i.e. the E bit) is ignored which means no EPS parameter list will be included
Observation 3b: to report multiple errors within one PDU session modification procedure, a 5GSM cause value should be appended to the QoS rule, QoS flow description, or Mapped EPS bearer context so that the SMF can correlate an operation with its corresponding cause.

Observation 3c: when an error is encountered, the common operation is a delete operation for which no parameter is included after the mandatory fields (i.e. after octet 7) of the QoS rule, after the mandatory fields (i.e. after octet 6) of the QoS flow description, or after the mandatory fields (i.e. octet 7) of the Mapped EPS bearer context. Hence, the 5GSM cause value can be appended after the mandatory fields in all cases. 

Proposal 2: CT1 should discuss the above observations and adopt one of the presented solutions as a way forward.

4. Conclusion

This document analysed the existing restrictions with the PDU session modification procedure and made the following observations.

Observation 1: the UE cannot initiate a new PDU session modification procedure before the completion of any existing PDU session modification procedure.

Observation 2a: during a single network initiated PDU session modification procedure, the UE may detect numerous and different errors with the mapped EPS bearer contexts or QoS rules.

Observation 2b: if 6 different error types that are detected as listed above, the UE is then required to initiate 6 PDU session modification procedures since only one 5GSM cause code can be reported at a time.

Observation 2c: for 6 different detected errors, a total of 18 5GSM messages will be sent OTA.

Observation 2d: sending several PDU SESSION MODIFICATION REQUEST messages to report different errors related to QoS rules or QoS flow descriptions can occur during a PDU session establishment procedure i.e. some of the observations above are not limited to a PDU session modification procedure only.

Proposal 1: adopt Option 1 as a way forward.

Observation 3a: although option 1 doesn’t allow the SMF to know all the errors encountered by the UE, it enables the deletion of multiple erroneous QoS rules, QoS flow descriptions, and mapped EPS bearer contexts using one 5GSM procedure while reducing overall signalling in the system.

If Option 2 is deemed preferable, then the SMF should be aware of the 5GSM cause value for every operation that the UE is requesting.

Observation 3b: to report multiple errors within one PDU session modification procedure, a 5GSM cause value should be appended to the QoS rule, QoS flow description, or Mapped EPS bearer context so that the SMF can correlate an operation with its corresponding cause.

Observation 3c: when an error is encountered, the common operation is a delete operation for which no parameter is included after the mandatory fields (i.e. after octet 7) of the QoS rule, after the mandatory fields (i.e. after octet 6) of the QoS flow description, or after the mandatory fields (i.e. octet 7) of the Mapped EPS bearer context. Hence, the 5GSM cause value can be appended after the mandatory fields in all cases. 

Proposal 2: CT1 should discuss the above observations and adopt one of the presented solutions as a way forward.

Option 1 can be found in C1-198122. Option 2 can be found in C1-198123.
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