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1. Background 
At RAN#82, revision of the Rel-16 work items on additional enhancements for NB-IoT and MTC enhancements for LTE were agreed to include support of connection to 5GC and further revised at RAN2#84 [1], [2]. 
One of the common objective is as follows:
· Support of User Plane CIoT optimization
· [bookmark: _Hlk516676832]Support of EDT for Data over NAS and User Plane CIoT optimization 


RAN2#107 discussed the AS Release Assistance Information agreed in SA2 to enable fast release of the connection and the following agreements were made [3]:
We will introduce a AS Release Assistance Information (RAI) that conveys at least the following information:
· No further UL/DL higher layer PDUs.
· No further UL, 1 single DL higher layer PDU expected. 
Further details including CP/UP applicability can be discussed in the next meeting.

Compared to R2-1910182, the following changes were made:
· Take into account the agreement of RAN2#107 and address the comments raised during the discussion
· Discuss more in details the two options (RRC or MAC) for reporting the AS RAI

In this document we discuss further the support of AS Release Assistance Information.
2. Discussion 
2.1 Background on NAS/ AS Release Assistance Information  
SA2 has agreed to introduce an AS Release Assistance Indication to assist the NG-RAN in deciding when to trigger the AN release, see extract from TS 23.502 [5] section 4.2.6:
	The initiation of AN release may be due to:
-	(R)AN-initiated with cause e.g. O&M Intervention, Unspecified Failure, (R)AN (e.g. Radio) Link Failure, User Inactivity, Inter-System Redirection, request for establishment of QoS Flow for IMS voice, Release due to UE generated signalling connection release, mobility restriction, Release Assistance information (RAI) from the UE, etc.; or
-	AMF-initiated with cause e.g. Unspecified Failure, etc.



Although the details are not captured yet in SA2 stage 2 specification, the intention of the AS RAI was described in TR 23.724 [5], Solution 1 (Infrequent small data transfer via NAS-SM and N6), as below:

	Option 2 (Release Assistance Indication in AS - AS RAI plus N2 RAI):
-	The UE sends AS Release Assistance Indication (AS RAI) to the NG-RAN. The AS RAI indicates whether no further uplink/downlink transmissions or only a single downlink transmission is expected.
NOTE 4:	This differs from the AS RAI defined in Rel-14 EPS (see TS 36.321 [27], TS 36.331 [23]).
-	When NG-RAN receives the AS RAI from the UE, NG-RAN shall maintain the UE's RRC connection in case RRC connection establishment procedure was executed, and include an N2 RAI indication (no further uplink/downlink transmissions or only a single downlink transmission) in the Initial UE message, in the next Uplink NAS transport message or in an RAI specific NGAP indication;
-	The AMF evaluates the N2 RAI as follows:
-	If the N2 RAI indicates no further uplink/downlink transmissions and the AMF is not aware of any pending DL data for the UE (e.g. a pending SMS or pending DL data buffered e.g. in SMF/UPF as part of extended buffering), the AMF sends the N2 UE Context Release Command to NG-RAN as per the AN Release procedure (TS 23.502 [7], clause 4.2.6).
-	If the N2 RAI indicates only a single downlink transmission is expected, the AMF sends the N2 UE Context Release Command to NG-RAN as per the AN Release procedure (TS 23.502 [7], clause 4.2.6) once the AMF has forwarded the next downlink NAS transport message with container type "SM data transfer" to the UE and unless the AMF is aware of other pending MT traffic.
NOTE 5:	The Release Assistance Indication in AS can also support UP-based data delivery. In this case the RAN is expected to send the N2 UE Context Release Request including the N2 RAI to the AMF. The AMF sends the N2 UE Context Release Command to NG-RAN unless the AMF is aware of other pending MT traffic. The RAN releases the UE once it has received the N2 UE Context Release Command from the AMF and once an outstanding UP downlink transmission has been received (if applicable).
	The UE may choose which option to use, allowing it to take advantage of the different optimisation that each option brings and how the UL traffic the RAI is associated with is being transferred. The UE should not use NAS RAI when the last UL traffic is via DRBs or data via AMF is not being used as in these cases any efficiencies will be lost. The UE may use AS RAI at any time.
NOTE 6:	The details of Option 2 are to be defined by RAN WGs.
NOTE 7:	The AS RAI and related N2 RAI apply only to Higher Layer PDUs (i.e. NAS PDU, NAS Signalling, UP Data, but not RLC signalling).



Later on, SA2 has introduced a NAS release assistance indication that is carried with the NAS Data PDU and defined as follows:
· no further Uplink and Downlink Data transmissions are expected
· only a single Downlink data transmission subsequent to this Uplink Data transmission is expected.
SA2 has agreed that during a data transfer using the control plane solution, the Rel-14 MAC RAI shall not be used when using Control Plane CIoT 5GS Optimisations. 
SA2 has also agreed that the AS RAI can be used by the eNB to trigger the AN Release, see extract from TS 23.502 [7] and SA2 is still discussing the details.
	[bookmark: _Toc11173275]4.2.6	AN Release
This procedure is used to release the logical NG-AP signalling connection for the UE between the (R)AN and the AMF and the associated N3 User Plane connections, and (R)AN signalling connection between the UE and the (R)AN and the associated (R)AN resources.
When the NG-AP signalling connection is lost due to (R)AN or AMF failure, the AN release is performed locally by the AMF or the (R)AN as described in the procedure flow below without using or relying on any of the signalling shown between (R)AN and AMF. The AN release causes all UP connections of the UE to be deactivated.
The initiation of AN release may be due to:
-	(R)AN-initiated with cause e.g. O&M Intervention, Unspecified Failure, (R)AN (e.g. Radio) Link Failure, User Inactivity, Inter-System Redirection, request for establishment of QoS Flow for IMS voice, Release due to UE generated signalling connection release, mobility restriction, Release Assistance Indication from the UE, etc.; or
-	AMF-initiated with cause e.g. Unspecified Failure, etc.



2.1 Definition of AS Release Assistance Information
Definition of Higher Layer PDUs
SA2 has agreed that the details of AS Release Assistance Indication was up to RAN2 and RAN2 has agreed to introduce an AS Release Assistance Information (RAI) that conveys at least the following information:
· No further UL/DL higher layer PDUs. 
· No further UL, 1 single DL higher layer PDU expected. 
During the meeting, it was commented that we needed to clarify what was meant by ‘higher layer PDUs’.  
The NAS RAI is carried within a NAS data PDU and is only related to user data. This is because the AMF can determine otherwise whether signalling or SMS is ongoing before triggering the release of the connection. For the AS RAI, it will be different because the eNB cannot know whether NAS signalling or SMS is ongoing, So, in our understanding, the AS RAI should not only indicate the status of the user data but also indicate that no further NAS traffic (data, signalling or SMS) is expected. Note that in TR 23.724 [5], SA2 has used different wording for NAS RAI and AS RAI :
· NAS RAI indicates that no further uplink or downlink data transmissions are expected or only a single downlink data transmission subsequent to this uplink data transmission is expected. 
· AS RAI indicates that indicates whether no further uplink/downlink transmissions or only a single downlink transmission is expected.
On the other hand, it is not feasible for the UE to predict RRC signalling or lower layer retransmission and in any case, the eNB can determine by itself if a RRC procedure or a RLC retransmission is pending. Thus the AS RAI should not take into account any RRC or lower layer transmissions.
Based on the above, we propose to clarify that a higher layer PDU is either a NAS PDU or a user plane PDCP SDU (i.e. a PDU from layers above the AS).
Proposal 1: A higher layer PDU is either a NAS PDU or a user plane PDCP SDU (i.e. a PDU from layers above the AS).

Applicability of the AS RAI to the control plane optimisation
SA2 has now agreed to introduce a NAS RAI for the control plane CIoT 5GS optimisation thus the purpose of the AS RAI is primarily for the user plane CIoT 5GS optimisation. However, in our understanding, it is not restricted to the user plane CIoT 5GS optimisation and can be used when the UE uses both CP+UP or even when the UE uses CP only. This was quite explicit in TR 23.724 [5].
	NOTE 5:	The Release Assistance Indication in AS can also support UP-based data delivery. In this case the RAN is expected to send the N2 UE Context Release Request including the N2 RAI to the AMF. The AMF sends the N2 UE Context Release Command to NG-RAN unless the AMF is aware of other pending MT traffic. The RAN releases the UE once it has received the N2 UE Context Release Command from the AMF and once an outstanding UP downlink transmission has been received (if applicable).
	The UE may choose which option to use, allowing it to take advantage of the different optimisation that each option brings and how the UL traffic the RAI is associated with is being transferred. The UE should not use NAS RAI when the last UL traffic is via DRBs or data via AMF is not being used as in these cases any efficiencies will be lost. The UE may use AS RAI at any time.



In particular, the NAS RAI is included within a NAS Data PDU, thus it is not possible to send the NAS RAI if the UE determines only later on that no further data are expected. For this case at least, the AS RAI would be beneficial to the control plane optimisations. 
Proposal 2: The AS Release Assistance Information (RAI) can be used with the user plane CIoT 5GS optimisation but also with N3 data transfer and with the control plane CIoT 5GS optimisation.

Coexistence with REL-14 AS RAI
SA2 has requested RAN2 to introduce a new AS release assistance information because the legacy mechanism does not provide the mean to indicate that only one subsequent DL packet is expected and thus does not provide the necessary assistance to the eNB for releasing the connection. In these conditions, it does not make sense to carrying on using the rel-14 mechanism.
Proposal 3: The Rel-14 AS RAI shall not be used by a NB-IoT or eMTC UE connected to 5GC.

Other
In our view, the AS Release assistance Information (RAI) is an essential mechanism for CIoT in 5GC. As there is no legacy eNB and does not require any UE configuration, it can be made a mandatory feature for CIoT in 5GC.
Proposal 4: The new AS Release assistance information is always enabled for NB-IoT or eMTC UE accessing via 5GC. It does not require any configuration via system information or dedicated signalling.

On the UE side, some UEs may prefer to use only the NAS RAI if they support only the control plane CIoT optimisations.  Still, considering that there is no need for eNB configuration and that absence of reporting means no information, there is no need for a capability.
Proposal 5: Support of the new AS Release assistance information is optional at the UE without capability reporting.

2.2 Reporting the AS Release Assistance Information
The goal of the release assistance information is to save power consumption at the UE by enabling the immediate release of the connection when it is known that there will be no further transmission, it also avoid to release the connection too early when further data are expected. This means that the mechanism should allow to report the information together with the last UL transmission. This is essential for EDT as this will help the eNB to decide whether to keep the UE in RRC_IDLE or move it to RRC_CONNECTED but this is also important when the UE is not using EDT, e.g. because the data are too big.  

For the NAS RAI mechanism, the information is reported in the same transmission than the last UL packet. Considering that, over the control plane, the packets are delivered in sequence, there is no ambiguity on what is the last uplink data transmission.
For the AS RAI, the situation is different as the different packets can go on different bearers and then arrive in a different order than provided by the upper layers. In that case, it may be difficult at the eNB to identify the actual ‘last uplink packet’ or ‘last downlink packet’. In the uplink, this should not be a problem as we expect that the eNB will wait for all pending uplink traffic to be transmitted before initiating the release. However, in the downlink, the eNB should be aware before the last DL packet is received. Thus, the AS RAI, once triggered by the upper layer, should have higher priority than the data.
Proposal 6: It is possible to report the AS Release assistance information together with the last UL Higher PDU transmission.
Proposal 7: The AS Release Assistance Information (RAI), when triggered by the upper layers, has higher priority than any uplink transmission.

Note that it should also be possible to report the information independently of an UL Higher PDU transmission, e.g. if the UE determines that there will be no further data only after the reception of a DL transmission.
Proposal 8: It is possible to report the AS Release assistance information without a UL Higher PDU transmission.

For the reporting mechanism itself, there are two obvious approaches, one is to report at RRC level and the other to report at MAC level.
If the reporting is performed at RRC level, based on proposal 6, the AS Release assistance information needs to be included in the messages that are always transmitted together with an UL Higher PDU:
· RRCEarlyDataRequest(-NB) (could be avoided if we rely on NAS RAI for this case)
· RRCConnectionSetupComplete(-NB) (could be avoided if we rely on NAS RAI for this case)
· ULInformationTransfer(-NB) (could be avoided if we rely on NAS RAI for this case)
· RRCConnectionResumeRequest(-NB) for UP-EDT
· RRCConnectionResumeComplete(-NB)
And, based on proposal 8, it also needs to be included in a standalone message (e.g. new message or e.g. extension of UEAssistanceInformation message)
Observation 1: If the reporting is done at RRC level, the AS Release assistance information should be introduced at least in RRCConnectionResumeRequest(-NB) for UP-EDT, RRCConnectionResumeComplete(-NB) and a standalone message (e.g. new message or extension of UEAssistanceInformation message). If we allow the usage of AS RAI when sending data over the control plane, it should also be included in RRCEarlyDataRequest(-NB), RRCConnectionSetupComplete(-NB) and ULInformationTransfer(-NB), 

Introducing a 2-bit information in RRCConnectionResumeRequest for UP-EDT will require to use the last reserved bit for eMTC/LTE and to modify the EDT fallback procedure as the message will not fit anymore in the legacy grant. Even for NB-IoT, it is not desirable to use 2 of the last 3 reserved bits.
Observation 2: Reporting the AS RAI in RRCConnectionResumeRequest for UP-EDT will require to use the last reserved bit for eMTC/LTE and to modify the EDT fallback procedure.

Alternatively, the reporting can be done via a MAC CE triggered by upper layers. One issue with this approach is the shortage of LCID for LTE/eMTC, 
Observation 3:  If the reporting is done via a MAC CE triggered by upper layers then a LCID needs to be found for eMTC/LTE (reserved one or rewamped one).

In our view, it would be beneficial to have a single mean to send the indication and avoid modifying multiple RRC messages and procedures. This will reduce the complexity and the code size as well simplifying the testing and maintenance, thus we have a preference for a MAC mechanism. We think that using a MAC mechanism will have negligible impact on power consumption as at most it will add two bytes and only in the cases where there would have been no padding. 
We think there are different ways that could be considered to report at MAC level, e.g.: 
· For NB-IoT EDT, the RAI could be carried in the DVPR, as the DV shall be 0 if the data are included.
· For NB-IoT non EDT, the RAI could be carried in the BSR reserved bits of the LCG ID. 
· For eMTC, a new BSR format could be defined for 5GC carrying the RAI and reusing the same LCID. The new format would always apply when the UE connected to 5GC. 
· For both eMTC, use a reserved LCID or a LCID not used for eMTC (e.g. AUL)
· …
Proposal 9: RAN2 to consider a MAC mechanism for the reporting of the AS Release assistance information. 
2.3	New AS Release Assistance Information for EPS
In RAN2#105, it was agreed to discuss the introduction of an AS RAI for the User Plane CIoT EPS optimisation in order to inform the eNB of whether further DL data were expected.
The motivation is similar to new AS release assistance information in 5GC, namely that the Rel-14 RAI mechanism does not provide information about the DL data. We also think that this is not restricted to EDT, thus we propose to introduce the new AS release assistance information also in EPS.
Proposal 10: Consider to use the Rel-16 AS RAI in EPS for NB-IoT and eMTC UEs.
If proposal 10 is agreed, it may be useful to inform SA2 as it may require changes to their specifications.
[bookmark: _Toc512892215][bookmark: _Toc505612407][bookmark: _Toc505612410]3. Conclusion
In this contribution, we have discussed the introduction of a new AS release assistance information for NB-IoT and eMTC UEs connected to 5GC and we have made the following proposals:
Proposal 1: A higher layer PDU is either a NAS PDU or a user plane PDCP SDU (i.e. a PDU from layers above the AS).
Proposal 2: The AS Release Assistance Information (RAI) can be used with the user plane CIoT 5GS optimisation but also with N3 data transfer and with the control plane CIoT 5GS optimisation.
Proposal 3: The Rel-14 AS RAI shall not be used by a NB-IoT or eMTC UE connected to 5GC.
Proposal 4: The new AS Release assistance information is always enabled for NB-IoT or eMTC UE accessing via 5GC. It does not require any configuration via system information or dedicated signalling.
Proposal 5: Support of the new AS Release assistance information is optional at the UE without capability reporting.
Proposal 6: It is possible to report the AS Release assistance information together with the last UL Higher PDU transmission.
Proposal 7: The AS Release Assistance Information (RAI), when triggered by the upper layers has higher priority than any uplink transmission.
Proposal 8: It is possible to report the AS Release assistance information without a UL Higher PDU transmission.
Observation 1: If the reporting is done at RRC level, the AS Release assistance information should be introduced at least in RRCConnectionResumeRequest(-NB) for UP-EDT, RRCConnectionResumeComplete(-NB) and standalone message (e.g. new message or extension of UEAssistanceInformation message). If we allow the usage of AS RAI when sending data over the control plane, it should also be included in RRCEarlyDataRequest(-NB), RRCConnectionSetupComplete(-NB) ULInformationTransfer(-NB), 
Observation 2: Reporting the AS RAI in RRCConnectionResumeRequest for UP-EDT will require to use the last reserved bit for eMTC/LTE and to modify the EDT fallback procedure.
Observation 3:  If the reporting is done via a MAC CE triggered by upper layers then a LCID needs to be found for eMTC/LTE (reserved one or rewamped one).
Proposal 9: RAN2 to consider a MAC mechanism for the reporting of the AS Release assistance information. 
Proposal 10: Consider to use Rel-16 AS RAI in EPS for NB-IoT and eMTC UEs.
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