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Abstract of the contribution:
This contribution discusses scenarios in which the RRC_INACTIVE needs to be enabled under the control of 5GC.
1
Introduction
Similar as LTE Light Connection (LC), the main motivation of RRC_INACTIVE state in 5GS is to reduce the radio interface signalling traffic load between the UE and the gNB as well as N2 interface signalling overhead between the gNB and the AMF caused by UE 5G CM state transitioning between CM-IDLE state and CM-CONNECTED state, and 5GC initiated paging.
It needs to be evaluated:

· Which scenario and for which type of UEs the RRC_INACTIVE state needs to be enabled;

· Whether the motivation of introducing RRC_INACTIVE state can be satisfied or whether any essential downside effect will be caused by introducing the RRC_INACTIVE state for a given UE usage.

This paper attempts to evaluate variety of scenarios and UE types for which whether enabling RRC_INACTIVE state provides the intended benefits or not. Based on that it is proposed that, the enabling of RRC_INACTIVE shall be controlled by the 5GC due to 5GC holds more UE contexts, subscriptions, policy and other useful information to take this decision.. 
2
Discussion

In TS 23.501 section 5.3.3.2.5, it indicates that:

"The AMF, based on network configuration provides assistance information to the NG RAN, to assist the NG RAN’s decision whether the UE can be sent to RRC inactive state."
It is rather unclear what "network configuration" refers to and clearly it is not enough to only base on it for enabling RRC_INACTIVE state for a UE, e.g. at least the UE RRC inactive capability needs to be counted.
In addition to UE capability, UE operation mode (e.g. MICO, eDRX, PSM), UE mobility pattern, UE roaming status needs to be taken into account by 5GC to enable RRC_INACTIVE state for a UE as well.
Furthermore, still many Editorial Notes remain under this section for FFS and need to be resolved, e.g.:

"Editor's note:
It is FFS if the UE provides indication of support for RRC inactive state on NAS or AS layer."
"Editor's note:
PLMN selection for UE in CM-CONNECTED with RRC inactive mode is FFS."
The evaluation on enabling RRC_INACTIVE state for a UE based on per scenarios and per UE type can be summarized in below Table.

	Scenarios & UE types
	Characteristics
	Evaluation on the benefits of enabling RRC_INACTIVE in this scenario
	Proposal

	#1. UEs with high mobility
	Like smart phones, OBU on the bike/car/train, these UEs have high mobility and will change the serving gNB very often (assuming the serving area of a gNB will not greater than the serving area of an eNB in LTE).

As per TS 38.300, RAN-based notification area (RNA) covers a single or multiple cells, and is smaller than CN area (i.e. TAI list constitute a RA), hence, the inter-gNB mobility will cause more frequent inter-RNA mobility.
	If RRC_INACTIVE state is enabled, more RRC/Xn/N2 signalling load will be created than CM-IDLE mode due to frequent inter-RNA mobility which triggers a RAN-based location area update (RLAU) procedure in which there are 8 messages needs to be exchanged over RRC, Xn and N2 interfaces (see Figure 1 copied from TS 38.300 subclause 9.2.2.4.1). If the RNA is much smaller (e.g. a single cell), more RRC/Xn/N2 signalling load will be created.
While in CM-IDLE mode, no RLAU will be performed but only mobility registration update when the UE moves out the registered TAI list. Hence, less RRC/N2 signalling load is created due to the area of TAI list is much greater than a RNA.
	No clear benefit and hence propose to not enable RRC_INACTIVE state for these UEs.

	#2. UEs without RRC_INACTIVE capability
	There is no requirement to mandate all 5G UEs to support RRC_INACTIVE capability
	There is no point in enabling RRC_INACTIVE for this case as UE can’t support it.
	No benefit and propose to not enable RRC_INACTIVE state for these UEs.
The UE needs to provide its RRC_INACTIVE capability indication to AMF over NAS.

	#3. UEs with power saving requirement (PSM/eDRX in EPC alike)
	Like sharing bicycles and NB-IoT devices (e.g. meters), these UEs have a strong requirement on power saving. When the UE enters RRC_INACTIVE state, both UE NAS and AS layers do not switched off and hence will make the UE batter drain soon.
	By enabling RRC_INACTIVE for these UEs, some signalling savings can be achieved but it overkills the power saving requirements for these UEs
	The benefit of RRC_ INACTIVE cannot overwhelm the power saving and hence propose to not enable RRC_INACTIVE state for these UEs.

	#4. UEs in MICO mode
	Like sensors, these UEs have only UL data to be sent and do not transport data very often, there is no much RRC/N2 signalling load created due to 5G CM state transition between CM-IDLE state and CM-CONNECTED state.
	In any case, since there are not much RRC/N2 signalling load created due to 5G CM state transition between CM-IDLE state and CM-CONNECTED state for MICO mode UEs. So there is no real benefit of enabling RRC_INACTIVE state for such UEs.
	No clear benefit and hence propose to not enable RRC_INACTIVE state for these UEs.

	#5. UEs in roaming
	There is a requirement that a UE in VPLMN shall periodically search the higher priority PLMNs in order to select and register to a higher priority PLMN. This requirement exists since 2G to 4G and we believe this requirement is still valid in 5G.

There is a principle since 2G to 4G that the higher priority PLMN search and selection in VPLMN can only be performed by UEs in the idle mode. We cannot see any problem to force this principle to be broken in 5G.

The UE NAS will still stays in the CM CONNECTED mode when enters RRC_INACTIVE state. Hence, following above principle, UEs in the RRC_INACTIVE state will not perform higher priority PLMN search and selection in VPLMN.
	By enabling RRC_INACTIVE for these UEs, signalling savings on the radio as well as N2 can be achieved, but it overkills the requirement of higher priority PLMN search and selection in VPLMN.
	The benefit of RRC_ INACTIVE cannot overwhelm the requirement of higher priority PLMN search and selection in VPLMN and hence propose to not enable RRC_INACTIVE state for these UEs.



[image: image1.emf]New gNB Old gNB

AMF

6.PATH SWITCH REQUEST

8. UE CONTEXT RELEASE

3. RETRIEVE UE CONTEXT RESPONSE

2. RETRIEVE UE CONTEXT REQUEST

7.PATH SWITCH REQUEST RESPONSE

UE

4. RRCConnectionResume

UE in RRC_INACTIVE / 

CM-CONNECTED

1. RRCConnectionResumeRequest

UE in RRC_ACTIVE / CM-

CONNECTED

5. DATA FORWARDING ADDRESS 

INDICATION


Figure 1
3
Proposal

Based on the discussion and evaluation given in section 2, it proposes:

Proposal#1: for 5GC, it only provides the CN assistance information to gNB to enable the RRC_INACTIVE state for a UE which is:

(1) a UE with low mobility;
(2) a UE supporting RRC_INACTIVE capability;
(3) a UE without power saving requirement;
(4) a UE not in MICO mode; and

(5) a UE not in roaming.
Proposal#2: for gNB, it shall not enable the RRC_INACTIVE state for a UE when there is no CN assistance information received from the 5GC.

Proposal#3: for 5G UE, it shall provide the indication of support for RRC inactive state over NAS to the 5GC.

2. Proposed text to TS 23.501

                  ***    First Change   ***
5.3
Registration and Connection Management
5.3.3.2.5
CM-CONNECTED with RRC inactive state

RRC inactive state applies to NG RAN (i.e. it applies to NR and E-UTRA connected to 5G CN) and is under the control of 5GC. 

NOTE:
By default, RRC inactive state is disabled at NG RAN for a UE.
If the UE supports RRC inactive state, the UE shall indicate this to the AMF in the UE 5GCN Capability IE during the Registration procedure.
The AMF, based on network configuration and UE capability, provides assistance information to the NG RAN, to assist the NG RAN to enable the RRC inactive state for a UE which is:
-
a UE with low mobility;

-
a UE supporting RRC inactive state;

-
a UE not using any power savings feature;

-
a UE not in MICO mode; and

-
a UE not in roaming.

Editor’s note: It is FFS how does the AMF determine a UE has low mobility, e.g. based on the statistics of the UE mobility information.
Editor’s note: It is FFS if the UE provides indication of support for RRC inactive state on AS layer.

The "RRC inactive assistance information" includes:
-  the UE_ID (e.g. SUPI mod 1024) information; 
-
UE specific DRX values for RAN paging while in RRC inactive state;
-
the Registration Area provided to the UE.
Editor’s Note: It is FFS which additional information is needed by RAN to perform RAN paging. It is FFS whether paging prioritization information is needed and how it is provided to the RAN. It is also FFS whether some mobility history related data (CN or RAN based history knowledge) may be included.

Editor's Note: Whether other information is needed is FFS

Editor's Note: Whether, apart from the UE’s Registration Area, other information mentioned above is mandatory to be always included in FFS

The CN assistance information mentioned above (e.g. UE_ID, DRX, Registration Area) is provided by the AMF during N2 activation with the (new) serving NG RAN node (i.e. during Registration, service request, path switch) to assist the NG RAN’s decision whether the UE can be sent to RRC inactive state. The NG RAN shall not enable RRC inactive state for a UE when the CN assistance information mentioned above has not been received.

Editor's Note: The mechanism to update the CN assistance info to RAN while the UE is CM-CONNECTED e.g. to update the TAI-list is FFS, but it is assumed that protocol functions are available that allow the update of UE Context data at RAN.
The state of the N2 and N3 reference points are not changed by the UE entering CM-CONNECTED with RRC inactive state. A UE in RRC inactive state is aware of the RAN notification area.
Editor's Note: It is FFS if CN shall be aware that UE entered RRC Inactive state.
When the UE is CM-CONNECTED with RRC inactive state, the UE may resume the RRC connection due to: 

-
Uplink data pending;
-
Mobile initiated signalling procedure (e.g. periodic registration update);

-
As a response to RAN paging;

-
Notifying the network that it has left the RAN notification area.

If the UE resumes the connection in a different NG-RAN node within the same PLMN, the UE AS context is retrieved from the old NG RAN node and a procedure is triggered towards the CN (see TS 23.502 [3]). 
If a UE is in CM-CONNECTED with RRC inactive state performs cell selection to GERAN/UTRAN/EPS, it shall follow idle mode procedures.

Editor’s note: The handling of mobility from NR to E-UTRAN connected in EPC, in RRC inactive state in RAN is FFS. 

In addition, a UE in CM-CONNECTED state with RRC inactive state shall enter CM-IDLE mode and follow relevant NAS procedure in the following cases:

-
If RRC resume procedure fails,
-
in any other failure scenario that cannot be resolved in RRC inactive mode and requires the UE to move to CM-IDLE mode.

Editor’s note: It is FFS which scenarios trigger a network transition from CM-CONNECTED with RRC inactive mode to CM-IDLE. 


Editor's Note: How to handle UE location accuracy when the UE is in CM-CONNECTED with RRC inactive state is FFS.

Editor's Note: Whether and how access control/barring applies for UE in CM-CONNECTED with RRC inactive state is FFS.

Editor's Note: The UE behaviour if it receives paging from the Core Network is FFS. 

Editor's note:
The UE behaviour if the UE camps on a cell that does not support RRC inactive mode is FFS.

*** End of the Changes ***
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