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1 Introduction

This contribution analyses the AS/NAS functionality and interaction required to enable the light connection feature taking into consideration the 3 possible UE models agreed in RAN2#95bis meeting and the corresponding drafted CRs to 36.331 discussed over email discussion [95bis#20].
	Model
	UE RRC state
	UE EMM state
	RRC procedure to get RRC_CONNECTED

	A-1
	RRC_CONNECTED w/ light RRC connection
	ECM_CONNECTED w/ light RRC connection
	RRC Conn. Re-establishment procedure 

	A-2
	
	
	RRC Conn. Resume procedure

	B
	RRC_IDLE w/ 
light RRC connection
	ECM_IDLE with
light RRC connection
	RRC Conn. Resume procedure 


2 AS/NAS discussion for light connection
This section discusses the AS/NAS technical details, focusing on the required changes and identified concerns for each mode (in sub-sections 2.1, 2.2. and 2.2), and also provides a cross modelling comparison (in sub-section 2.4). 
The following list of points (P#) describes the key and impacted topics to be analysed for each model:
P#0. Paging reception handling by UEs in light RRC connection.
P#1. Idle mode procedures (e.g. PLMN selection, cell (re-)selection, CSG and PO/PF operation) applicability/usage to UEs in light RRC connection.
P#2. Procedure to get from light RRC connection to legacy RRC_CONNECTED.
P#3. Initial Access Control over radio interface (e.g. ACB, EAB, ACDC, SSAC).

P#4. RRC Cause when resuming or re-establishing the RRC connection for access/congestion control.

P#5. Action upon when network rejects the UE's access back into light connection or, potentially idle mode, due to network congestion.
P#6. Action upon when network does not find a UE AS context.

P#7. Actions upon it is trigger a failure when re-establishing or resuming the light RRC connection e.g. if cell reselection occurs and T300 is running, or if T300/301 expires, or if the selected cell no longer suitable.
P#8. Signaling procedure to move from RRC_CONNECTED to light connection.
These symbols are used to categorize the different kinds of entries done within the following tables:
(   ( No NAS/AS changes are required (i.e. legacy behaviour), or the procedure is transparent to NAS/AS.
(   ( Some minor NAS/AS change is required, or minor concerns.

(   ( Major concerns.
(   ( Short description of the key changes identified to be done by NAS/AS.
(  ( Changes that are common in Model A-1 & A-2 (mainly related to RRC_CONNECTED model).
2.1 Model A-1: AS/NAS analysis
Table 1 summarizes the key characteristics, NAS/AS impacts and changes for Model A-1 (RRC_CONNECTED with light RRC connection & re-establishment procedure) taking into consideration the email discussion [95bis#20]. In addition, few NOTES are also added to further clarify some of the points.
Table 1. Model A-1: AS/NAS analysis for light RRC connection feature
	Model A-1: AS/NAS analysis

	Functionality
	AS impact and changes
	NAS impact and changes

	P#0:  
Paging 
	· (  Some AS change is required.

· (  (  Upon paging reception addressed to the UE ID, UE AS needs to trigger the re-establishment of the light RRC connection.
	· (  No NAS change is required.

	P#1:  
Idle mode proc.
	· (  Some AS change is required.
· (  (  To update TS 36.304 idle mode procedures to be used by a UE "RRC_CONNECTED with light RRC connection"
	· (  Some NAS change is required.

· (  (  To update NAS spec. to allow idle mode related procedures to be used by a UE "ECM_CONNECTED with light RRC connection".

	P#2: 
Procedure to get successfully into legacy connected mode
	· ( A 2-step RRC procedure: re-establishment followed by reconfiguration. [NOTE-1]
· ( The ReestabUE-Identity might not be uniquely identified across cells. [NOTE-2]
· (  NAS PDU is not sent until after reestablishmentComplete. [NOTE-3]
· ( The T311 might not be an appropriate timer.

· (  Some AS change is required.
· (  The msg.3 needs a (new) indication that the re-establishment is from light RRC connection. [NOTE-4]
	· ( No NAS change is required.

	P#3:  

Initial Access Control 
	· (  No AS change is required.

· (  (  SSAC access control is only allowed. [NOTE-5]
	· (  No NAS change is required.

· (  (  SSAC access control is only allowed. [NOTE-5]

	P#4: 
RRC Cause 
	· (  No indication of the RRC cause is sent via msg.3.
	· NA

	P#5: 
Reject handling due to congestion
	· (   No AS change is required 

· (  The RRC Conn. Reestablishment Reject does not allow setting any waitTimer. [NOTE-6]
· (  If waitTimer were defined, expiry of waitTimer is handled similar to legacy. 
	· (  No NAS change is required.
· ( If waitTimer were defined, expiry of waitTimer is handled similar to legacy.

	P#6: 

UE AS context is not found in the network
	· (  No AS change is required.

· UE AS triggers the legacy actions upon leaving RRC_CONNECTED w/ release cause 'RRC connection failure'.
	· (  No NAS change is required.

· UE NAS triggers legacy actions (i.e. establishment of a new RRC connection).

	P#7: 

Failure when resuming the light RRC connection

	· (  No AS change is required.

· (  UE AS triggers the legacy actions upon leaving RRC_CONNECTED w/ release cause 'RRC connection failure'.
	· (  No NAS change is required.

· (  UE NAS triggers legacy actions (i.e. establishment of a new RRC connection).

	P#8: 

Signaling to get into light RRC connection
	· ( Some AS change is required.

· (  (  Upon receiving RRCConnection Reconfiguration or RRCConnection Release with new light connection indication, UE AS enter into light RRC connection. [NOTE-7]

· (  (  UE AS informs NAS of entering into light RRC connection
	· ( Some NAS change is required.

· (  (  UE NAS action upon entering into light RRC connection


[NOTE-1]: Legacy RRCConnectionReestablishment message (msg.4) is sent as a CCCH message without security (i.e. carried over SRB0) and it may contain SRB1 configuration information.  The SRBs and DRBs are resumed upon the first reconfiguration after the re-establishment procedure. This two-step legacy RRC procedure (re-establishment followed by reconfiguration) leads to additional delay and signalling compared to legacy RRC resume procedure while bringing no additional benefit.
[NOTE-2]: The ReestabUE-Identity, which carries the C-RNTI, and PhysCellId, might not be uniquely identified across cells and/or within a given RAN paging area. For same reason, during Rel-13 UP CIoT optim. discussion, RAN2 agreed to define a 40bits ResumeIdentity.
[NOTE-3]:  Legacy RRCConnectionReestablishmentComplete message (msg.5) does not allow sending any NAS PDU; for this first NAS PDU, it will require a subsequent UL RRC message to send it.
[NOTE-4]: This indication would allow the eNB to differentiate the UEs re-establishing a light RRC connection vs UEs that triggers this mechanism due to a other legacy cases e.g. RLF.
[NOTE-5]: The legacy idle access control mechanism (e.g. ACB, EAB, ACDC, SSAC) are considered as not needed for a UE in light connection (from RAN2 point of view); however if CT1 indicates different view, RAN2 would need to re-consider the agreement.
[NOTE-6]: As the RRC Conn. Reestablishment Reject does not allow setting any waitTimer, when there might be network access congestion, these UEs’ AS upon receiving the reject message would inform the NAS of the failure of the RRC connection and the establishment of a new connection would be triggered immediately by NAS (which would not be a preferable case under congestion). This concern could potentially be handled by defining a new IE with this timer, and enabling the congestion notification/alleviation associated with the start/stop of the waitTimer.
[NOTE-7] Two possible mechanisms could be considered for the eNB to indicate entering into light RRC connection to the UE:

· Option (1) The RRCConnectionRelease message including a new light connection indication.
· Option (2) The RRCConnectionReconfiguration message including a new light connection indication, and idle mode related fields (such as idleModeMobilityControlInfo).
2.2 Model A-2: AS/NAS analysis

Table 2 summarizes the key characteristics, NAS/AS impacts and changes for Model A-2 (RRC_CONNECTED with light RRC connection & resume procedure) taking into consideration the email discussion [95bis#20]. In addition, few NOTES are also added to further clarify some of the points.

Table 2. Model A-2: AS/NAS analysis for light RRC connection feature
	Model A-2: AS/NAS analysis

	Functionality
	AS impact and changes
	NAS impact and changes

	P#0:  

Paging 
	· (  Some AS change is required.

· (  (  Upon paging reception addressed to the UE ID, UE AS needs to trigger the re-establish of the light RRC connection.
	· (  No NAS change is required.



	P#1:  

Idle mode proc.
	· (  Some AS change is required.

· (  (  To update TS 36.304 idle mode procedures to be used by a UE in "RRC_CONNECTED with light RRC connection"
	· (  Some NAS change is required.

· (  (  To update NAS spec. to allow idle mode related procedures to be used by a UE in "ECM_CONNECTED with light RRC connection"

	P#2: 

Procedure to get successfully into legacy connected mode
	· (  1-step RRC procedure: resume.
· (  Some AS change is required.
· (  UE AS needs to trigger the start of the resumption procedure from light RRC connection.
	· (  Procedure is transparent to NAS.

	P#3:  

Initial Access Control 
	· (  No AS change is required.

· (  ( SSAC access control is only allowed. [NOTE-5]
	· (  No NAS change is required.

· (  ( SSAC access control is only allowed. [NOTE-X]

	P#4: 

RRC Cause 
	· (  Some AS change is required.

· (  UE AS needs to set the RRC cause e.g. MO-data, MO-signaling, paging response or highPriorityAccess.
	· (  Transparent to NAS.

	P#5: 

Reject handling due to congestion
	· (  Some AS change is required 

· (  AS notifies NAS of congestion and alleviation of waitTimer (T302) when resuming a light RRC conn.
	· (  Some NAS change is required 

· (  NAS handles the AS notification of congestion and alleviation when resuming a light RRC conn

	P#6: 

UE AS context is not found in the network
	· (  Some AS change is required.

· (  Handling of the network indication that the UE AS context is not valid. CT1 input is desirable on preferred approach (e.g. resumption fallbacks to establishment or to trigger a light RRC connection failure). [NOTE-8]

	· (  Some NAS change i required.

· ( Handling of the network indication that the UE AS context is not valid. CT1 input is desirable on preferred approach.[NOTE-8]


	P#7: 

Failure when resuming the light RRC connection

	· (  Some AS change is required.

· (  UE enters in RRC_IDCLE and UE AS informs NAS of the failure of the resumption for the light RRC connection.
	· (  Some NAS change is required.

· (  UE NAS triggers the establishment of a new RRC connection due to previous light RRC conn. failure.

	P#8: 

Signaling to get into light RRC connection
	· ( Some AS change is required.

· (  (  Upon receiving RRCConnection Reconfiguration or RRCConnection Release with new light connection indication, UE AS enter into light RRC connection. [NOTE-7]

· (  (  UE AS informs NAS of entering into light RRC connection
	· ( Some NAS change is required.

· (  (  UE NAS action upon entering into light RRC connection


[NOTE-8]: If the UE AS context is not found within the network, when resuming a light RRC connection (RRCConnectionResumeRequest was sent as msg.3), the following cases are possible: 
· Case (1) if eNB uses RRCConnectionReject upon msg.4, the UE AS triggers e.g. the legacy actions upon leaving 'RRC_CONNECTED w/ release cause 'RRC connection failure', and
· Case (2) if eNB uses RRCConnectionSetup upon msg.4, the UE AS would need to inform UE NAS that the resume of a light RRC connection is fallback to establish the RRC connection. Therefore the NAS would need to generate a new NAS PDU as 1st NAS PDU non-ciphered (as an "initial NAS message"). 

From RRC point of view, both cases are feasible, but the CT1 impact will need to be considered, therefore we suggest to wait until CT1 provides their input on how to address the case when the UE context is not found on the network while resuming a light RRC connection. 
2.3 Model B: AS/NAS analysis

Table 3 summarizes the key characteristics, NAS/AS impacts and changes for Model B (RRC_IDLE with light RRC connection & resume procedure) taken into consideration the email discussion [95bis#20]. In addition, few NOTES are also added to further clarify some of the points.

Table 3. Model B: AS/NAS analysis for light RRC connection feature
	Model B: AS/NAS analysis

	Functionality
	AS impact and changes
	NAS impact and changes

	P#0:  

Paging 
	· (  No AS is change required.
	· (  No NAS change is required.

	P#1:  

Idle mode proc.
	· (  Some AS change is required.
· (  Even if I-eDX is configured, I-eDRX should not be used.


	· (  Some NAS change is required.

· (  Even if I-eDX is configured, I-eDRX should not be used while in light conn.
· (  Even if PSM is configured, PSM should not be used while in light conn.

· (  UE should not trigger periodic TAU

	P#2: 

Procedure to get successfully into legacy connected mode
	· (  1-step RRC procedure: resume

· (  No AS change is required.


	· (  Some NAS change is required.

· (  When resuming to send a NAS PDU, the 1st NAS PDU needs to be ciphered and integrity protected. [NOTE-9]

	P#3:  

Initial Access Control 
	· (  No AS change is required.

· (  All idle mode access control mechanism are only allowed.
	· ( No NAS change is required.

· ( All idle mode access control mechanism are only allowed.

	P#4: 

RRC Cause 
	· (  No AS change is required
	· (  No NAS change is required
· NAS informs AS of the call type and establishment cause.

	P#5: 

Reject handling due to congestion
	· (  No AS change is required.

· AS handles the waitTimer and informs NAS of the congestion start/stop.
	· (  No NAS change is required.

· (  NAS handles the recovery procedure upon congestion alleviation as legacy.

	P#6: 

UE AS context is not found in the network
	· (  No AS change is required

· (  Fall-back to resume can be enabled.
	· (  No NAS change is required.

	P#7: 

Failure when resuming the light RRC connection

	· ( Some AS change is required.
· (  AS informs NAS of failure to resume the light RRC connection.
	· ( Some NAS change is required.

· (  NAS handles recovery mechanism upon AS information of the failure to resume the light RRC connection.

	P#8: 

Signaling to get into light RRC connection
	· ( Some AS change is required.

· (  Upon receiving RRCConnectionRelease with new light connection indication, UE AS enter into light RRC connection.
· (  UE AS informs NAS of entering into light RRC connection
	· ( Some NAS change is required.

· (  UE NAS action upon entering into light RRC connection


[NOTE-9]: For the Rel-13 resume procedure, the UE always generates the 1st NAS PDU non-ciphered (as a "initial NAS message") because the MME sees the UE as ECM_IDLE with suspend indication. However, when resuming successfully from light RRC connection, this would need to be handled differently as MME still sees the UE as ECM_CONNECTED and expects receiving ciphered NAS PDU(s) (moreover, the MME is not aware whether a UE is in light RRC connection). 
2.4 Cross-Modeling: AS/NAS analysis

Table 4 provides a high level summary of the information provided on Tables 1, 2, 3 using only the symbols.
Table 4. Cross-Modeling AS/NAS analysis for light RRC connection feature
	Functionality
	Mode A-1
	Model A-2
	Model B

	P#0:  Paging 
	· AS:     (  (
· NAS:  (  
	· AS:     (  (
· NAS:  (  
	· AS:     (
· NAS:  (

	P#1:  Idle mode proc.
	· AS:     (  (
· NAS:  (  (
	· AS:     (  (
· NAS:  (  (
	· AS:     (  
· NAS:  ( 

	P#2:  Procedure to get successfully into legacy connected mode
	· AS:     ( ( (  ( (
· NAS:  (
	· AS:     ( (
· NAS:  ( 
	· AS:     ( (
· NAS:  (

	P#3:  Initial Access Control 
	· AS:     ( (  (
· NAS:  ( (  (
	· AS:     ( (  (
· NAS:  ( (  (
	· AS:     ( (
· NAS:  ( (

	P#4:  RRC Cause 
	· AS:     (
· NAS:  -
	· AS:     (
· NAS:  ( 
	· AS:     (
· NAS:  (

	P#5:  Reject handling due to congestion
	· AS:     (
· NAS:  (
	· AS:     (
· NAS:  (
	· AS:     (
· NAS:  (

	P#6:  UE AS context is not found in the network
	· AS:     (
· NAS:  (
	· AS:     (
· NAS:  (
	· AS:     (
· NAS:  (

	P#7:  Failure when resuming the light RRC connection

	· AS:     (
· NAS:  (
	· AS:     (
· NAS:  (
	· AS:     (  
· NAS:  (  

	P#8:  Signaling to get into light RRC connection
	· AS:     (  (
· NAS:  (  (
	· AS:     (  (
· NAS:  (  (
	· AS:     (  
· NAS:  (  


Based on Table 1 and 4, our preference is not to use the Model A-1 because re-establishment procedure is not really suitable for Resumption from Light Connected; e.g, it requires a two-step RRC procedure (re-establishment followed by reconfiguration), and it does not carry all the relevant information.  Hence, Model A-1 has larger impact on UE RRC/AS and NAS (Note: the details of NAS impacts still need to be evaluated by CT1). Between model A-2 and B, we have slight preference towards Model B but based on the views provided by companies on the email discussion [95bis#20], we understand that Model A-2 might be an agreeable compromise between companies (as it avoids a mis-match state between UE NAS and MME. Therefore we suggest agreeing to the following points based on Table 2 of Model A-2.
Proposal 1. A UE in light RRC connection is modelled as RRC_CONNECTED with a light connection using resume procedure (based on model A-2). 

Proposal 2. The resume procedure is used when getting into RRC_CONNECTED (legacy) from light Connected (which involves RRCConnectionResumeRequest, RRCConnectionResume, and RRCConnectionResumeComplete messages). 
Proposal 3. When a UE enter into light connection, UE AS informs UE NAS to use applicable idle mode procedure (i.e. UE NAS is aware that UE AS is in light RRC Connection). 
Proposal 4. RAN2 assumes that a UE in light connection does not need to perform idle mode access control mechanisms (e.g. ACB, ACDC, EAB) except for legacy SSAC (which is applicable for RRC_CONNECTED UEs in light connection). 
Proposal 5. When resuming from light connection, the resume cause is set by AS transparent to NAS (MO-data, MO-signaling, paging response or high priority access).

Proposal 6. Upon successfully resuming the RRC connection from light connection, AS informs NAS about the resumption and the idle mode procedure should be stopped.

Proposal 7. When a resume request from light connection is rejected (due to congestion), RAN2 assumes that NAS needs to be aware about the congestion start and alleviation situation.
Proposal 8. CT1 is asked to provide their preferred handling when the UE AS context is not found on the network, e.g. whether (a) to enable fall-back from resumption of a light connection to the RRC connection establishment (similar to the fall-back mechanism defined for Rel-13 resume) or (b) to trigger a failure of the resumption of a light RRC connection (which would imply getting the UE into RRC_IDLE and NAS to trigger the establishment request of a new RRC connection).

Proposal 9. Upon failure of the resumption of the light connection (e.g. due to T300 expiry or due to cell reselection occurs and T300 is running), UE AS informs NAS about a failure of the resumption of the light RRC connection (which implies getting the UE into idle mode and UE NAS to trigger an immediate request to establish a new RRC connection).

Proposal 10. To discuss if a UE gets into light connection upon (a) release or (b) reconfiguration indication. 

Proposal 10.1. If (a), a new light connection indication IE is defined in RRCConnectionRelease message.

Proposal 10.2. If (b), to define in RRCConnectionReconfiguration message a new light connection indication IE and relevant idle mode related IEs, such as idleModeMobilityControlInfo. 
Proposal 11. Inform CT1 on the above agreements and ask for their view.

3  Conclusion

The proposals captured are the following:
Proposal 1.
A UE in light RRC connection is modelled as RRC_CONNECTED with a light connection using resume procedure (based on model A-2).
Proposal 2.
The resume procedure is used when getting into RRC_CONNECTED (legacy) from light Connected (which involves RRCConnectionResumeRequest, RRCConnectionResume, and RRCConnectionResumeComplete messages).
Proposal 3.
When a UE enter into light connection, UE AS informs UE NAS to use applicable idle mode procedure (i.e. UE NAS is aware that UE AS is in light RRC Connection).
Proposal 4.
RAN2 assumes that a UE in light connection does not need to perform idle mode access control mechanisms (e.g. ACB, ACDC, EAB) except for legacy SSAC (which is applicable for RRC_CONNECTED UEs in light connection).
Proposal 5.
When resuming from light connection, the resume cause is set by AS transparent to NAS (MO-data, MO-signaling, paging response or high priority access).
Proposal 6.
Upon successfully resuming the RRC connection from light connection, AS informs NAS about the resumption and the idle mode procedure should be stopped.
Proposal 7.
When a resume request from light connection is rejected (due to congestion), RAN2 assumes that NAS needs to be aware about the congestion start and alleviation situation.
Proposal 8.
CT1 is asked to provide their preferred handling when the UE AS context is not found on the network, e.g. whether (a) to enable fall-back from resumption of a light connection to the RRC connection establishment (similar to the fall-back mechanism defined for Rel-13 resume) or (b) to trigger a failure of the resumption of a light RRC connection (which would imply getting the UE into RRC_IDLE and NAS to trigger the establishment request of a new RRC connection).
Proposal 9.
Upon failure of the resumption of the light connection (e.g. due to T300 expiry or due to cell reselection occurs and T300 is running), UE AS informs NAS about a failure of the resumption of the light RRC connection (which implies getting the UE into idle mode and UE NAS to trigger an immediate request to establish a new RRC connection).
Proposal 10.
To discuss if a UE gets into light connection upon (a) release or (b) reconfiguration indication.
Proposal 10.1.
If (a), a new light connection indication IE is defined in RRCConnectionRelease message.
Proposal 10.2.
If (b), to define in RRCConnectionReconfiguration message a new light connection indication IE and relevant idle mode related IEs, such as idleModeMobilityControlInfo.
Proposal 11.
Inform CT1 on the above agreements and ask for their view.


