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1. Discussion
1.1. UE Identity for UP CIoT 5GC Optimization:

In Rel-15, RRC_INACTIVE state was introduced for LTE connected to 5GC and NR. I-RNTI (40 bits long consisting of both NG-RAN Id and UE Id) was used to identify RRC_INACTIVE UE context. The I-RNTI provides the new NG-RAN node a reference to the UE context in the old NG-RAN node.
When the UE is resuming RRC Connection from RRC_INACTIVE state, UE will send the full I-RNTI or short I-RNTI and security is re-activated prior to sending RRCConnectionResumeRequest. Due to the message size limitation and also to distinguish between legacy Rel-13 EPC UP Optimization Resume and R15 5GC RRC_INACTIVE Resume procedure at ng-eNB, a critical extension of RRCConnectionResumeRequest was created to carry the I-RNTI or Short I-RNTI. In addition, a UE in RRC_INACTIVE enters RRC_IDLE and releases the UE Inactive AS context when it switches to another CN type, i.e. EPS. Similarly a UE in RRC_IDLE in ‘Suspended’ state in EPS can only initiate RRC Connection Establishment when switching to 5GC type. 
For eMTC and NB-IoT connected to 5GC, SA2 agreed and introduced UP CIoT 5GC optimization solution, i.e. the RRC connection resumption when accessing 5GC will take place when the UE is RRC_IDLE with suspend, same as when connected to EPS. RAN2 also agreed to introduce UP Optimization for both eMTC and NB-IoT connected to 5GC.
For eMTC connected to 5GC, for consistent handling of UE Identity when connected to 5GC for both RRC_INACTIVE and UP CIoT 5GC Optimization, same I-RNTI can be adopted for UP CIoT 5GC Optimization and this also minmizes any RAN3 impact for handling different UE Identity for different features for 5GC connectivity. This allows usage of Rel-15 introduced critical extension version of RRCConnectionResumeRequest for eMTC connected to 5GC. When UE is resuming connection for from either RRC_INACTIVE state or UP Optimization RRC_IDLE suspended state, there is no issue for target ng-eNB to resume RRC Connection by fetching UE context from anchor ng-eNB because anchor ng-eNB uses either UP CIoT 5GC Optimization or RRC_INACTIVE for a given UE at any one time, there should not be any ambiguity for anchor ng-eNB connected to 5GC (i.e anchor ng-eNB is ng-eNB where UE was suspended into RRC_INACTIVE state) to uniquely identify UE context. We do not see any reason to adopt EPC resumeID for 5GC UP Optimization. For any specific network implementation handling, if needed, we can also consider to use spare bit to explicitly indicate whether UE resuming connection from either RRC_INACTIVE or UP Optimization.
Observation 1. When UE is connected to eMTC connected to 5GC, ng-eNB uses either UP optimization or RRC_INACTIVE at any given instance of time and there is no ambiguity to identify UE context uniquely by using same I-RNTI. 

Observation 2. When UE is connected to 5GC, usage of common UE identity I-RNTI for both RRC_INACTIVE and UP Optimization avoids ng-eNB and UE requiring to maintain two different Ids based on which solution is used and also minimizes any impact.

For NB-IoT connected to 5GC, in order to keep consistent handling of UE Identity when connected to 5GC, same I-RNTI can be used as the UE identity.   

Proposal 1. For NB-IoT and eMTC connected to 5GC, adopt I-RNTI as UE identity for UP CIoT 5GC Optimisation.
RRC Connection Releases message to used to trigger UE transition from RRC Connected state to either RRC_INACTIVE state or UP CIoT 5GC Optimization. In order to provide explicit indication of which optimization is used for UE, we can introduce an explicit IE indication to indicate UP CIOT 5GC Optimization.
Proposal 2. For eMTC connected to 5GC, in RRC Connection Release message introduce new IE to explicitly indicate UE about UP CIoT 5GC Optimisation.
1.2.  RRC indication to NAS about RRC_INACTIVE Vs UP Optimization:

In Rel-16, eMTC UEs connected to 5GC will be either in RRC_INACTIVE or UP Optimization. 

From 5G NAS, perspective 

· For RRC_INACTIVE state, NAS will be in CM_CONNECTED state 
· For UP CIoT 5GC Optimization, 5G NAS will be in CM_IDLE with suspended state

Observation 3. For RRC_INACTIVE state, 5G NAS will be in CM_CONNECTED state and for UP CIoT 5GC Optimization, 5G NAS will be in CM_IDLE with suspended state. 
When UE AS enters into either RRC_INACTIVE and UP CIoT 5GC Optimization, RRC has to indicate to indicate to 5G NAS about which AS optimization is used to enable 5G NAS to use appropriate 5G NAS procedures. Current RRC specification uses following common text for both RRC_INACTIVE and UP CIoT 5GC Optimization in sections 5.3.8.7 and 5.3.12. See Appendix.
2>
indicate the suspension of the RRC connection to upper layers;
Proposal 3.  For eMTC connected to 5GC, when UE RRC enters into either RRC_INACTIVE state or UP CIoT 5GC Optimization, RRC procedure has to clearly indicate about RRC state to 5G NAS to enable 5G NAS using appropriate procedure.
3. Conclusion

In this contribution, we discussed proposals about what is UE to be used for eMTC/5GC UP CIoT 5GC Optimization and how RRC indicates its status to 5G NAS.    
Observation 1.
When UE is connected to eMTC connected to 5GC, ng-eNB uses either UP optimization or RRC_INACTIVE at any given instance of time and there is no ambiguity to indetify UE context uniquely by using same I-RNTI.
Observation 2.
When UE is connected to 5GC, usage of common UE identity I-RNTI for both RRC_INACTIVE and UP Optimization avoids ng-eNB and UE requiring to maintain two different Ids based on which optimization is used and also avoids any RAN3 impact.

Observation 3.
For RRC_INACTIVE state, 5G NAS will be in CM_CONNECTED state and for UP CIoT 5GC Optimization, 5G NAS will be in CM_IDLE with suspended state.



Proposal 1.
For NB-IoT and eMTC connected to 5GC, adopt I-RNTI as UE identity for UP CIoT 5GC Optimisation.
Proposal 2.
For eMTC connected to 5GC, in RRC Connection Release message introduce new IE to explicitly indicate UE about UP CIoT 5GC Optimisation.
Proposal 3.
For eMTC connected to 5GC, when UE RRC enters into either RRC_INACTIVE state or UP CIoT 5GC Optimization, RRC procedure has to clearly indicate about RRC state to 5G NAS to enable 5G NAS using appropriate procedure.
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Appendix:

5.3.8.7
UE actions upon entering RRC_INACTIVE

Upon entering RRC_INACTIVE, the UE shall:

1>
reset MAC and release the default MAC configuration if any;

1>
stop all timers that are running except T302, T309, T320 and T325;
1>
if the RRCConnectionRelease message is including the waitTime:

2>
start timer T302, with the timer value set according to the waitTime;

2>
inform the upper layer that access barring is applicable for all access categories except categories '0' and '2';
1>
if T309 is running:

2>
stop timer T309 for all access categories;

2>
perform the actions as specified in 5.3.16.4.
1>
re-establish RLC entities for all SRBs and DRBs;

1>
apply the received rrc-InactiveConfig;
1>
if the RRCConnectionRelease message was received in response to an RRCConnectionResumeRequest:

2>
in the stored UE Inactive AS context:

3>
replace the KeNB and KRRCint keys with the current KeNB and KRRCint keys;

3>
replace the C-RNTI with the temporary C-RNTI which the UE has used to receive the RRCConnectionRelease message;

3>
replace the cellIdentity with the cellIdentity of the PCell at the time the UE has received the RRCConnectionRelease message;

3>
replace the previously stored physical cell identity with the physical cell identity of the PCell at the time the UE has received the RRCConnectionRelease message;

1>
else:

2>
in the UE Inactive AS Context, the current KeNB and KRRCint keys, the ROHC state, the C-RNTI used in the source PCell, the cellIdentity and the physical cell identity of the source PCell, and all other parameters configured;

1>
if the periodic-RNAU-timer is included:

2>
start timer T380, with the timer value set to the periodic-RNAU-timer;

1>
suspend all SRB(s) and DRB(s), except SRB0;
1>
indicate PDCP suspend to lower layers of all DRBs;

1>
indicate the suspension of the RRC connection to upper layers;
1>
enter RRC_INACTIVE and perform procedures as specified in TS 36.304 [4], clause 5.2.7;

Upon selecting to an inter-RAT cell or switching to another CN type, the UE shall:

1>
perform the actions upon leaving RRC_INACTIVE as specified in 5.3.12, with release cause 'other';
5.3.12
UE actions upon leaving RRC_CONNECTED or RRC_INACTIVE

Upon leaving RRC_CONNECTED or RRC_INACTIVE, the UE shall:

1>
reset MAC;
1>
if leaving RRC_INACTIVE was not triggered by the reception of RRCConnectionRelease including idleModeMobilityControlInfo:

2>
if entering RRC_IDLE was not triggered by reception of the RRCConnectionRelease message:
3>
stop the timer T320, if running;

3>
if stored, discard the cell reselection priority information provided by the idleModeMobilityControlInfo;

1>
else if T302 is running:

2>
stop timer T302;
2>
if the UE is connected to 5GC:
3>
perform the actions as specified in 5.3.16.4;

1>
if T309 is running:

2>
stop timer T309 for all access categories;

2>
perform the actions as specified in 5.3.16.4.
1>
stop all timers that are running except T302, T320, T322, T325, T330, T331;

1>
if entering RRC_IDLE was triggered by reception of the RRCConnectionRelease message including a waitTime:

2>
start timer T302, with the timer value set according to the waitTime;

2>
inform the upper layer that access barring is applicable for all access categories except categories '0' and '2';
1>
if leaving RRC_CONNECTED was triggered by suspension of the RRC:

2>
re-establish RLC entities for all SRBs and DRBs, including RBs configured with NR PDCP;
2>
store the UE AS Context including the current RRC configuration, the current security context, the PDCP state including ROHC state, C-RNTI used in the source PCell, the cellIdentity and the physical cell identity of the source PCell;

2>
store the following information provided by E-UTRAN:

3>
the resumeIdentity;

3>
the nextHopChainingCount, if present. Otherwise discard any stored nextHopChainingCount that does not correspond to stored key KRRCint;

3>
the drb-ContinueROHC, if present. Otherwise discard any stored drb-ContinueROHC;

2>
suspend all SRB(s) and DRB(s), including RBs configured with NR PDCP, except SRB0;

2>
indicate the suspension of the RRC connection to upper layers;
2>
configure lower layers to suspend integrity protection and ciphering;

NOTE 1:
Except for UP-EDT, ciphering is not applied for the subsequent RRCConnectionResume message used to resume the connection and an integrity check is performed by lower layers, but merely upon request from RRC.

1>
else:

2>
upon leaving RRC_INACTIVE:

3>
discard the UE Inactive AS context;

3>
discard the KeNB, the KRRCenc key, the KRRCint and the KUPenc key;

2>
release the rrc-InactiveConfig, if configured;
2>
release all radio resources, including release of the MAC configuration, the RLC entity and the associated PDCP entity and SDAP (if any) for all established RBs;

2>
indicate the release of the RRC connection to upper layers together with the release cause;

1>
if leaving RRC_CONNECTED was triggered neither by reception of the MobilityFromEUTRACommand message nor by selecting an inter-RAT cell while T311 was running; or

1>
if leaving RRC_INACTIVE was not triggered by the inter-RAT cell reselection:
2>
if timer T350 is configured:

3>
start timer T350;

3>
apply rclwi-Configuration if configured, otherwise apply the wlan-Id-List corresponding to the RPLMN included in SystemInformationBlockType17;

2>
else:

3>
release the wlan-OffloadConfigDedicated, if received;

3>
if the wlan-OffloadConfigCommon corresponding to the RPLMN is broadcast by the cell:

4>
apply the wlan-OffloadConfigCommon corresponding to the RPLMN included in SystemInformationBlockType17;

4>
apply steerToWLAN if configured, otherwise apply the wlan-Id-List corresponding to the RPLMN included in SystemInformationBlockType17;
2>
enter RRC_IDLE and perform procedures as specified in TS 36.304 [4], clause 5.2.7;
1>
else:

2>
release the wlan-OffloadConfigDedicated, if received;

NOTE 2:
BL UEs or UEs in CE verifies validity of SI when released to RRC_IDLE.
1>
release the LWA configuration, if configured, as described in 5.6.14.3;
1>
release the LWIP configuration, if configured, as described in 5.6.17.3;
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