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1. Introduction
TS 24.501 already specifies the UE behaviour for numerous cases of fallback indication when the UE is in 5GMM-CONNECTED mode (section 5.3.1.2) or in 5GMM-CONNECTED mode with RRC inactive indication (section 5.3.1.4), nevertheless there are still some aspects that are missing, while others require clarifications and/or a consistent description across the relevant procedures e.g. the description of the registration procedure or service request procedure. 
2. Discussion
This section lists the aspects that are missing or require clarifications and proposes a way forward for their specification.

2.1 Missing case of fallback indication for a UE in 5GMM-CONNECTED mode and there is no pending NAS procedure and no pending uplink user data

Section 5.3.1.2 on the reception of fallback indication while the UE is in 5GMM-CONNECTED mode addresses most cases but one case is still missing, specifically reception of fallback indication but the UE has no pending NAS procedure and no pending uplink user data.
Note that this should not be confused with the following text that is specified in section 5.3.1.2 which addresses the case of no pending NAS procedure but there is pending uplink user data:

When the UE in 5GMM-CONNECTED mode over 3GPP access receives a fallback indication from lower layers, and the UE has pending uplink user data but no pending NAS procedure, the UE shall:

a)
enter 5GMM-IDLE mode; and

b)
initiate the service request procedure and include the Uplink data status IE in the SERVICE REQUEST message indicating the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication (see subclause 5.6.1 for further details).

Proposal 1a: In section 5.3.1.2, specify that when the UE in 5GMM-CONNECTED mode receives fallback indication but there is no pending NAS procedure and no pending uplink user data, the UE transitions to 5GMM-IDLE mode and initiates the registration procedure. The UE also includes the Uplink data status IE in the REGISTRATION REQUEST message indicating the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication, if any.
Proposal 1b: update case o) in section 5.5.1.3.2 to also refer to section 5.3.1.2 as follows:

o)
when the UE receives a fallback indication from the lower layers without resume request from NAS (i.e. when the lower layer requests NAS signalling connection recovery, see subclauses 5.3.1.4 and 5.3.1.2);

2.2 Clarification of “pending NAS procedure other than a registration procedure, a service request procedure, or a de-registration procedure”
Section 5.3.1.2 states the following:
When the UE in 5GMM-CONNECTED mode over 3GPP access receives a fallback indication from lower layers, and the UE has a pending NAS procedure other than a registration procedure, a service request procedure, or a de-registration procedure, the UE shall:

a)
enter 5GMM-IDLE mode;

b)
initiate the service request procedure and include the Uplink data status IE in the SERVICE REQUEST message indicating the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication, if any (see subclause 5.6.1 for further details); and

c)
upon successful service request procedure completion, proceed with any pending procedure.

Apart from the procedures listed above, the only other NAS procedure that can be pending is the transmission of an UL NAS TRANSPORT message which can carry a 5GSM message or other payload type (e.g. SMS) as defined in section 5.4.5.1. However, if the above is not made to explicitly refer to the NAS transport procedure that is handled by the 5GMM entity, then it can be interpreted as a 5GSM procedure that has been initiated (i.e. the 5GSM message has been sent) but not completed (i.e. no response has been received from the network) and thus it is “pending”. In turn, “proceed with any pending procedure” can be interpreted that the 5GSM procedure must be re-initiated and the corresponding 5GSM timer should be reset.
Since fallback indication and NAS connection recovery should be in scope of the 5GMM entity only (i.e. no fallback indication is provided to the 5GSM entity), it is then proposed to modify the text above such that it refers to the NAS transport procedure i.e. replace the above with 

…“UE has a pending NAS transport procedure”

…

…“proceed with the pending NAS transport procedure”

Since section 5.3.1.4 has similar text (pasted below), the proposed modification also applies to that text:

If the UE requests the lower layers to transition to RRC_CONNECTED state for other reason than initiation of a registration procedure, or for other reason than a service request procedure, or for other reason than a de-registration procedure, upon fallback indication from lower layers, the UE shall:

-
enter 5GMM-IDLE mode;

-
initiate service request procedure (see subclause 5.6.1 for further details); and

-
upon successful service request procedure completion, proceed with any pending procedure.

Also, case i) of the service request procedure (pasted below) would require a similar change: 

i)
the UE, in 5GMM-CONNECTED mode over 3GPP access or in 5GMM-CONNECTED mode with RRC inactive indication, receives a fallback indication from the lower layers (see subclauses 5.3.1.2 and 5.3.1.4) and or the UE has a pending NAS procedure other than a registration, service request, or de-registration procedure.

Proposal 2a: modify the existing text in sections 5.3.1.2 and 5.3.1.4 to explicitly refer to the NAS transport procedure.
Proposal 2b: modify case i) in sections 5.6.1.1 to explicitly refer to the NAS transport procedure.

2.3 Reception of a fallback indication when the UE is in 5GMM-CONNECTED mode and the UE is in a restricted service area
Section 5.3.1.2 states the following:

In the above cases when the UE receives a fallback indication from lower layers, if the UE is in non-allowed area or not in allowed area, the UE shall behave as specified in subclause 5.3.5.

Note: 
· “Restricted service area” refers to the UE either being in a non-allowed area, or the UE is not in an allowed area.
· It is assumed that the UE does not have an emergency PDU session and the UE is not configured for high priority access.
One of the cases that “above” refers to is:
When the UE in 5GMM-CONNECTED mode over 3GPP access receives a fallback indication from lower layers, and the UE has pending uplink user data but no pending NAS procedure, the UE shall:

a)
enter 5GMM-IDLE mode; and

b)
initiate the service request procedure and include the Uplink data status IE in the SERVICE REQUEST message indicating the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication (see subclause 5.6.1 for further details).

If the UE is not in a restricted service area, the UE is supposed to send a SERVICE REQUEST message (after transitioning to 5GMM-IDLE mode) to re-establish the NAS signalling connection. However, because the UE is in a restricted area (described in 5.3.5), then following section 5.3.5, the UE will not be able to initiate the service request as described below:

“1)
if the UE is in 5GMM-IDLE mode over 3GPP access, the UE:

i)
shall not perform the registration procedure for mobility and periodic registration update with Uplink data status IE except for emergency services or for high priority access; and

ii)
shall not initiate a service request procedure except for emergency services, high priority access or for responding to paging or notification; and”

The fact that the UE is not able to send a SERVICE REQUEST message (when the conditions above are not met) would cause issues for the RRC layer since a NAS message is needed in the RRCSetupComplete message. Figure 5.3.7.1-2 shown below from TS 38.331 describes how a fallback can happen in 5GMM-CONNECTED mode (as this is for re-establishment hence the RRC is in connected state).
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Figure 5.3.7.1-2: RRC re-establishment, fallback to RRC establishment, successful

To avoid that no NAS message is provided to the RRC, the NAS should send a REGISTRATION REQUEST message (without the Uplink user data IE) instead of a SERVICE REQUEST message. This allows the UE to re-establish the connection while the rules regarding which messages can be sent in a restricted area are not violated.
Proposal 3: if the UE in 5GMM-CONNECTED mode gets a fallback indication, the UE has pending uplink user data but no pending NAS procedure, and the UE is in a restricted service area, the UE should perform a registration procedure to re-establish the NAS connection. The UE however does not include the Uplink data status IE except if the UE has a PDU session for emergency service or the UE is configured for high priority access.
2.4 Clarification of “pending uplink user data”
Section 5.3.1.2 states the following:

When the UE in 5GMM-CONNECTED mode over 3GPP access receives a fallback indication from lower layers, and the UE has pending uplink user data but no pending NAS procedure, the UE shall:

a)
enter 5GMM-IDLE mode; and

b)
initiate the service request procedure and include the Uplink data status IE in the SERVICE REQUEST message indicating the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication (see subclause 5.6.1 for further details).

The “pending uplink user data” is for PDU sessions that had user-plane resources established prior to the fallback indication and not for PDU sessions that would require user-plane establishment (as this would have otherwise triggered a service request procedure which means this condition would not be met).
For clarity, it is suggested that to add the following text: 

“… and the UE has pending uplink user data for PDU session(s) with user-plane resources already established but no pending NAS procedure,…”
Without this clarification, the existing text can be erroneously interpreted to also indicate (in the Uplink data status IE) the PDU sessions for which no resources were setup prior to the fallback. 

Proposal 4: for the first paragraph in section 5.3.1.2, clarify that the “pending uplink user data” is for PDU session(s) with user-plane resources already established.

2.5 Missing description for the handling of the Uplink user data status IE when the UE performs a registration procedure following a fallback indication 
Section 5.3.1.4 states the following:

The UE shall transition from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-IDLE mode over 3GPP access and initiate the registration procedure for mobility and periodic registration update used for mobility (i.e. the 5GS registration type IE set to "mobility registration updating" in the REGISTRATION REQUEST message) for N1 NAS signalling connection recovery as specified in subclause 5.5.1.3.2, upon receiving from the lower layers:

a)
indication that the transition from RRC_INACTIVE state to RRC_CONNECTED state has failed; or

b)
fallback indication without resume request from NAS.

There is no description regarding the inclusion of the Uplink data status IE to reestablish the user-plane resources that were active for PDU sessions prior to the fallback indication. This is captured for all other cases of fallback in sections 5.3.1.4 and 5.3.1.2. 

For example, the following text is captured in the same section i.e. 5.3.1.4, and requires the UE to include the Uplink data status IE when the UE performs a registration procedure following a fallback indication as described below:

“If the UE requests the lower layers to transition to RRC_CONNECTED state at initiation of a registration procedure, a service request procedure or a de-registration procedure, upon fallback indication from lower layers, the UE shall:

-
enter 5GMM-IDLE mode; 

-
proceed with the pending procedure; and

-
if the pending procedure is a service request or registration request procedure, the UE shall include the Uplink data status IE in the SERVICE REQUEST message, or in the REGISTRATION REQUEST message, indicating the PDU session(s) without active user-plane resources the UE has pending user data to be sent and the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication, if any (see subclauses 5.5.1.3 and 5.6.1 for further details).”

Furthermore, there is no text in section 5.5.1.3.2 specifying that the UE should include the Uplink data status IE for the corresponding trigger i.e. case o):

“o)
when the UE receives a fallback indication from the lower layers without resume request from NAS (i.e. when the lower layer requests NAS signalling connection recovery, see subclause 5.3.1.4);”

Therefore, to avoid inconsistent UE behaviours when handling fallback indications, it should be clarified in section 5.5.1.3.2 that for case o) the UE should include the Uplink data status IE indicating the PDU session(s) without active user-plane resources for which the UE has pending user data to be sent and the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication, if any.

Proposal 5: for case o) in section 5.5.1.3.2, clarify that the UE shall include the Uplink data status IE indicating the PDU session(s) without active user-plane resources for which the UE has pending user data to be sent, and the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication, if any.
2.6 Missing trigger for the service request due to fallback indication and the UE has pending uplink user data but no NAS procedure
Section 5.6.1.1 introduced case i) that is also described in section 5.3.1.2 and 5.3.1.4. However, the following case that also exists in these section 5.3.1.2, 
When the UE in 5GMM-CONNECTED mode over 3GPP access receives a fallback indication from lower layers, and the UE has pending uplink user data but no pending NAS procedure, the UE shall:

a)
enter 5GMM-IDLE mode; and

b)
initiate the service request procedure and include the Uplink data status IE in the SERVICE REQUEST message indicating the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication (see subclause 5.6.1 for further details).

and in section 5.3.1.4,

If the UE in 5GMM-CONNECTED mode with RRC inactive indication receives a fallback indication from lower layers, and the UE has pending uplink user data but no pending NAS procedure, the UE shall: 

-
enter 5GMM-IDLE mode; and

-
initiate the service request procedure and include the Uplink data status IE in the SERVICE REQUEST message indicating the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication, if any (see subclause 5.6.1 for further details).

currently have no corresponding trigger in section 5.6.1.1, so these triggers need to be added.
Proposal 6a: in section 5.6.1.1, add a trigger to initiate the service request procedure after fallback indication is received and the UE has pending uplink user data for which user-plane resources were active prior to the fallback indication.

Proposal 6b: in section 5.6.1.2, add a general statement that the Uplink data status IE may be included for the existing case i), and the new trigger suggested in Proposal 6a), if the UE had user-plane resources prior to the fallback indication.

3. Conclusion

This document has discussed several aspects related to fallback indication, some of which are missing from TS 24.501 while others require further clarifications to avoid erroneous behaviour. Based on the points discussed in the previous sections, the following proposals are suggested as a way forward.
Proposal 1a: In section 5.3.1.2, specify that when the UE in 5GMM-CONNECTED mode receives fallback indication but there is no pending NAS procedure and no pending uplink user data, the UE transitions to 5GMM-IDLE mode and initiates the registration procedure. The UE also includes the Uplink data status IE in the REGISTRATION REQUEST message indicating the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication, if any.
Proposal 1b: update case o) in section 5.5.1.3.2 to also refer to section 5.3.1.2 as follows:

o)
when the UE receives a fallback indication from the lower layers without resume request from NAS (i.e. when the lower layer requests NAS signalling connection recovery, see subclauses 5.3.1.4 and 5.3.1.2);

Proposal 2a: modify the existing text in sections 5.3.1.2 and 5.3.1.4 to explicitly refer to the NAS transport procedure.

Proposal 2b: modify case i) in sections 5.6.1.1 to explicitly refer to the NAS transport procedure.

Proposal 3: if the UE in 5GMM-CONNECTED mode gets a fallback indication, the UE has pending uplink user data but no pending NAS procedure, and the UE is in a restricted service area, the UE should perform a registration procedure to re-establish the NAS connection. The UE however does not include the Uplink data status IE except if the UE has a PDU session for emergency service or the UE is configured for high priority access.
Proposal 4: for the first paragraph in section 5.3.1.2, clarify that the “pending uplink user data” is for PDU session(s) with user-plane resources already established.

Proposal 5: for case o) in section 5.5.1.3.2, clarify that the UE shall include the Uplink data status IE indicating the PDU session(s) without active user-plane resources for which the UE has pending user data to be sent, and the PDU session(s) for which user-plane resources were active prior to receiving the fallback indication, if any.

Proposals 1a, 1b, 2, 3, 4, and 5 are implemented in C1-191255 for Rel-15 as they address scenarios currently not covered by the specifications or unclear requirements.

Proposal 6a: in section 5.6.1.1, add a trigger to initiate the service request procedure after fallback indication is received and the UE has pending uplink user data for which user-plane resources were active prior to the fallback indication.

Proposal 6b: in section 5.6.1.2, add a general statement that the Uplink data status IE may be included for the existing case i), and the new trigger suggested in Proposal 6a), if the UE had user-plane resources prior to the fallback indication.

Proposal 6a and 6b are implemented in C1-191256 for Rel-16 as they are only about alignment between subclauses.
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