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1
Introduction
After the RAN#71 meeting, a new WI was agreed [1] main objective of which is to develop a new radio access technology. One of the requirements for a new radio access technology is to allow a UE to stay in "always connected" mode, which effectively embraces a number of scenarios such as initial establishment of connection and/or transition to a state when a UE can start exchanging data with the network. To accomplish this goal, RAN WG2 has already agreed to introduce a new RRC state hence referred to as RRC_INACTIVE. 

As already discussed, agreed and captured in TS 38.300, a UE in the RRC_INACTIVE state can perform independently cell re-selection process and move from one cell to another without exchanging explicitly RRC messages with RAN. In that sense RRC_INACTIVE state behaviour is identical to RRC_IDLE. As it is impossible to assume that NR coverage will be continuous having no coverage holes, there will be cases when a UE will fail to perform re-selection process resorting for finding any suitable cell and/or camping on acceptable cells. As there is no RRC_INACTIVE state in LTE, cell re-selection/selection process was effectively completely transparent to RAN as the UE was in the RRC_IDLE state as perceived by the network side. As for NR, there is a new question on how cell re-selection/selection process coexists with other RRC states. 

During the RAN2#101bis meeting several contributions were made, based on which RAN WG2 made a decision that the baseline solution is that a UE moves to RRC_IDLE state once it leaves "camped normally state". At the same time, RAN WG2 also noted that other solutions could be considered. During the RAN2 #AH1807 meeting another discussion took place during which RAN WG2 changed its previous agreements:

Working assumption

1
RRC_INACTIVE supports “Camped on any cell” and "Any cell selection". 

2
Consequence that in the case periodic timer expires when UE is not camped on a suitable cell will not trigger transition to IDLE.

In this discussion paper we provide our further considerations on the overall system aspects clarifying UE behaviour in certain cases. 
2
Out-of-service UE behavior 

2.1
Basic UE behavior
As already mentioned in the Introduction part, a UE in the RRC_INACTIVE state performs same cell re-selection process as in RRC_IDLE. In other words, as long as the UE can find a suitable cell staying in the "camped normally" state, a UE can also stay in the RRC_INACTIVE state. However, it is not absolutely clear what a UE can/should do when cell re-selection process fails and the UE enters the "any cell selection" mode. Technically speaking it means that a UE has no coverage (at least for some time), whereupon the simplest and the easiest way to model UE behavior is to assume that it switches to the RRC_IDLE state. This approach is illustrated in Figure 1 below. It is worth noting that even if a UE finds later a suitable cell, it will remain in the RRC_IDLE state where it switched upon entering "any cell selection" state. The UE NAS will receive an indication about UE AS going to the RRC_IDLE state, so it will initiate if needed a new service request and/or the TAU procedure once a UE detects a suitable cell. In other words both a UE and the network will re-sync their states.
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Figure 1: A UE switches to the RRC_IDLE state upon leaving "camped normally state".
It is worth noting that it takes some time for a UE to detect that it cannot perform cell re-selection (this time period is defined by RAN4). In other words, there is already some "buffer" time that prevents a UE from moving immediately to RRC_IDLE when coverage is lost for some period of time. Referring to TS 25.133 and TS 36.133, a UE needs 12s and 10s to determine that it is "out of service" for UMTS CELL/URA_PCH and LTE RRC_IDLE states, respectively. Similarly, the preliminary decision for the NR RRC_IDLE is that 10s is needed to inform upper layers that a UE is not in the "camped normally" state. 
Nevertheless, referring to an exemplary UE behavior in Figure 1, one can argue that there is no strong motivation to move a UE into the RRC_IDLE state when there is no suitable cell even after expiry of the "guard" timer defined by RAN4. As an example, a UE may lose network connection for the time longer than the guard timer defined by RAN WG4, but it may find again the suitable cell. In other words, as shown in Figure 2, a UE stays in the RRC_INACTIVE mode even upon leaving "camped normally" state. Referring to the discussion that took place during the RAN#AH1807 meeting, the majority of the companies preferred a UE staying in the RRC_INACTIVE to prevent unnecessarily aggressive transition into RRC_IDLE.
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Figure 2: A UE stays in the RRC_INACTIVE state upon leaving "camped normally state".
Proposal 1:
A UE stays in the RRC_INACTIVE state upon quitting "camped normally" state (i.e. after expiry of the corresponding “guard” timer defined by RAN WG4).

In subsequent sub-section we delve into more specific details of the UE behavior concentrating on a case when a UE finds an "acceptable cell" and when the RAN periodic timer expires before the UE finds another "suitable cell".
2.2
RAN and SA related aspects

At this point it is worth reminding that a UE in the RRC_INACTIVE state runs the periodic RAN notification area update timer, which according to the SA WG2 design is meant to work as a keep-alive message similar to the corresponding timer that a UE runs at the NAS level in the RRC_IDLE state. Upon the timer expiry, a UE performs the resume procedure to "refresh" its state at the RAN side. Otherwise, the latter shall initiate release of the UE connection (see also Annex C with the corresponding excerpts from TS 23.501).

Since periodic RAN notification area update timer and out-of-service events are completely independent, there can be a situation when the RAN periodic timer expires right at the same moment of time when a UE experiences out-of-coverage situation without providing enough time to find a suitable cell. According to the current TS 23.501 specification, failing to perform resume procedure in this case should trigger transition to the RRC_IDLE state, as Figure 3 below shows. After that a UE will obviously continue to search for the suitable cell and once the one is found, it will trigger the NAS recovery procedure.
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Figure 3: UE transitions to the RRC_IDLE state after failed resume procedure (according to TS 23.401).

It has been discussed in RAN WG2 what the optimal UE behavior is, whereupon there were proposals not to trigger the resume procedure in this case at all. However, if we account for the fact that the periodic RAN timer is usually set to relatively large values (e.g. 30 minutes as the most common value from the UMTS deployments) and that out-of-coverage situation should not last long in more or less continuous deployment scenarios, then the probability for these two events to occur in a particular order almost at the same time is rather marginal. In other words, all these optimizations would aim at rather corner case scenario. In addition, not initiating the resume procedure would break the fundamental decisions and principles already taken in SA WG2. As indicated earlier, the RAN anyway shall release the UE connection if the corresponding timer expires at the RAN side, so there is no ultimate need to keep a UE in the RRC_INACTIVE state if its context will be anyway removed from RAN. Finally, the RAN can set the periodic RAN notification area update timer to "infinity" achieving the desired behavior when a UE always stays in RRC_INACTIVE and RAN always keeps the UE context.

Proposal 2a:
We keep the overall system design as agreed by SA WG2.

Proposal 2b:
If the periodic RAN Notification Area Update timer expires and the UE cannot successfully resume the RRC Connection, a UE moves to RRC_IDLE (as decided by SA WG2).

It should be discussed further in RAN WG2 how we model this case in TS 38.331 specifications. There are two ways to capture this scenario:

-
Let a UE follow existing procedures. The premise idea is that we do not introduce any new conditions in TS 38.331, but rather let a UE to try to perform RAN update procedure. Upon its failure, i.e. upon T319 timer expiry, a UE will move to the RRC_IDLE state.

-
Introduce an explicit condition. In this approach we would need to add an explicit condition in TS 38.331 that if a UE attempts to perform MO transmission in the out-of-coverage state, the UE shall move to RRC_IDLE.

Proposal 2c:
Discuss which way – implicit or explicit – we should use to capture a case when a UE attempts to perform MO transmission in the out-of-coverage state triggering UE transition into the RRC_IDLE state.

2.3
RAN and CT related aspects

Referring back to Figure 2, it illustrates a case when a UE leaves "camped normally state", e.g. because there is no coverage, then enters the mode in which a new cell is searched for, and then finally camps on the suitable cell. There is however a case when a UE may camp on a so-called "acceptable cell" before it finds a suitable one. However, it should be noted that once a UE detects out-of-coverage, it does not camp immediately on any cell it finds but rather tries to find a suitable cell from the same PLMN on the same or different frequencies, including different RATs.

Referring to the RAN WG2 working assumption from the RAN2#AH1807 meeting, a UE will also stay in the RRC_INACTIVE state upon entering "camped on any cell" state. Nevertheless, we need to clarify further the exact UE behavior in this case, potential options for which are summarized in Table 1 below.
-
In approach 1, a UE stays in the RRC_INACTIVE state upon entering the acceptable cell whereupon we try to leverage existing RRC procedures without introducing new ones also avoiding the CT specification impact. It bears noting that "acceptable cell” may belong to the registered PLMN or may belong to a completely different PLMN. There is a use case when a particular cell belongs to the "forbidden tracking area", which however still may broadcast the registered or the equivalent PLMN. Such as a cell would not meet all the requirements of the "suitable cell" and thus will be treated as the "acceptable cell". On the other hand, a resume procedure and/or RAN area procedure on such a cell still could succeed; but if it fails a UE will move to IDLE as per existing RRC rules. There could be no impact to TS 38.331 because we follow existing RRC procedures, but we might need to clarify TS 38.304 effectively allowing a UE to perform some procedures on the acceptable cell because the original intention of the acceptable cell is to make only emergency calls. There is no impact to CT specifications either because a UE would follow existing PLMN selection procedures, as illustrated in Figure 3a and 3b.
-
In approach 2 (which is close to UMTS), the main principle is that a UE stays in RRC_INACTIVE even if it camps on the acceptable cell belonging to a different PLMN. However, whenever mobile-originated transmission is triggered, a UE would move to RRC_IDLE without even trying to perform the corresponding RRC procedure. However, as noted earlier, CT specification TS 24.501 already states that "The UE shall trigger a transition from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-IDLE mode upon selection of a PLMN that is not an equivalent PLMN to the registered PLMN"; see also the corresponding highlighted text in Annex B. In other words, asking a UE to stay in the RRC_INACTIVE state upon camping on the acceptable cell, which does not belong to the registered or equivalent PLMN, would require further changes in CT specifications.

-
Approach 3 follows a very simple assumption that the acceptable cell will most likely belong to a different PLMN and/or any kind of the resume procedure on that cell would anyway fail. As a result, there is no ultimate need to keep a UE in RRC_INACTIVE and it can move immediately to RRC_IDLE state. There is no CT specification impact and the TS 38.331/38.304 impact would be quite marginal.
Table 1: Summary of the UE behavior on the acceptable cell. 

	
	Approach 1
	Approach 2
	Approach 3

	General principle
	Upon entering the acceptable cell, let a UE to stay in INACTIVE following existing procedures
	Upon entering the acceptable cell, let a UE to stay INACTIVE, but move to IDLE upon MO transmission
	Upon entering the acceptable cell move to IDLE.

	Re-selection to the acceptable cell not belonging to the registered/equivalent PLMN
	Follow existing procedure (and move to IDLE)
	Move to IDLE / stay in INACTIVE
	Move to IDLE

	Re-selection to the acceptable cell belonging to the same registered/equivalent PLMN, but a different RAN area
	Follow existing procedure and try to perform RAN area update (move to IDLE if it fails)
	Move to IDLE / stay in INACTIVE
	Move to IDLE

	T380 expiry while being camped the acceptable cell
	Follow existing procedure and try to perform periodic RAN area update (move to IDLE if it fails)
	Move to IDLE
	N/A

	Upper layer request (e.g. emergency call)
	Follow existing procedures and try to resume (move to IDLE if it fails)
	Move to IDLE
	N/A

	RAN paging reception
	Follow existing procedure  / do not monitor RAN paging 
	Do not monitor RAN paging
	N/A

	Specification impact
	Marginal or no impact to TS 38.331. Some changes in TS 38.304 could be needed.
No CT impact.
	Some changes in TS 38.331 and TS 38.304 will be needed.
CT impact.
	Simple changes in TS 38.331 and/or TS 38.304 to trigger transition to IDLE.
No CT impact.
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Figure 4a: A UE stays in RRC_INACTIVE upon camping on the acceptable cell (registered or equivalent PLMN).
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Figure 4b: A UE leaves RRC_INACTIVE upon camping on the acceptable cell (neither registered nor equivalent PLMN).

As the overall summary, any solution presented in Table 1 works and the only difference between them is whether we intend to keep a UE in RRC_INACTIVE on the acceptable cell and if so, whether we follow existing RRC procedures or we introduce further changes in RAN and CT specifications.
Proposal 3:
Discuss and agree the UE behavior upon camping on the acceptable cell.

2.4
Other considerations
Referring back to section 2.2, to ensure more controlled UE behavior when periodic RAN notification area update timer expires right after a UE experiences out-of-coverage situation, one can consider an additional "guard" timer that will control specifically for how long a UE can/should stay in RRC_INACTIVE. Figure 4 below presents the resulting UE behavior. Once the periodic RAN timer expires and a UE cannot initiate the resume procedure, an additional guard timer is started allowing a UE to find a suitable cell. The value of this timer can be similar to the corresponding UMTS T307 timer and take values of 0..60 seconds. Since the RAN side knows and sets both periodic and "guard" timer values, it can wait for the overall duration, after which the connection will be released without breaking the SA WG2 design principles. 
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Figure 5: A UE stays in RRC_INACTIVE state (as governed by the additional guard timer).
Nevertheless, it should be assessed carefully whether introduction of this additional timer is absolutely necessary. As mentioned earlier, if the probability for these two events to occur simultaneously is rather marginal, then we can keep specifications and UE implementation simpler. 
3 Conclusion

In this discussion paper we have presented our further views on the UE behavior in RRC_INACTIVE upon leaving "camped normally state". As a basic principle, we support an approach when a UE stays in RRC_INACTIVE as it will prevent a UE from transiting into RRC_IDLE when out-of-coverage situation lasts longer than the corresponding "guard" timer defined by RAN WG4. However, we do have some concerns with details of the working assumptions that RAN WG2 made, especially the one that violates the SA WG2 design principles. In addition, some details of the UE behavior on the acceptable cell are not cleat, clarifications of which might change working assumptions made by RAN WG2. 
Proposal 1:
A UE stays in the RRC_INACTIVE state upon quitting "camped normally" state (i.e. after expiry of the corresponding “guard” timer defined by RAN WG4).

Proposal 2a:
We keep the overall system design as agreed by SA WG2.

Proposal 2b:
If the periodic RAN Notification Area Update timer expires and the UE cannot successfully resume the RRC Connection, a UE moves to RRC_IDLE (as decided by SA WG2).

Proposal 2c:
Discuss which way – implicit or explicit – we should use to capture a case when a UE attempts to perform MO transmission in the out-of-coverage state triggering UE transition into the RRC_IDLE state.

Proposal 3:
Discuss and agree the UE behavior upon camping on the acceptable cell.
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Annex A: UE cell re-selection/selection state diagram 
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Annex B: TS 24.501 excerpts
5.3.1.3
5GMM-CONNECTED mode with RRC inactive indication
This subclause is only applicable for UE's 5GMM mode over 3GPP access.

The UE is in 5GMM-CONNECTED mode with RRC inactive indication when the UE is in:

a)
5GMM-CONNECTED mode over 3GPP access at the NAS layer; and

b)
RRC_INACTIVE state at the AS layer (see 3GPP TS 38.300 [27]).

Unless stated otherwise, the UE behavior in 5GMM-CONNECTED mode with RRC inactive indication follows the UE behavior in 5GMM-CONNECTED over 3GPP access, except that:

a)
the UE shall apply the mobility restrictions; and

b)
the UE shall perform the PLMN selection procedures

as in 5GMM-IDLE mode over 3GPP access.

The UE shall transition from 5GMM-CONNECTED mode over 3GPP access to 5GMM-CONNECTED mode with RRC inactive indication upon indication from the lower layers that the UE has transitioned to RRC_INACTIVE state.

Upon trigger of a procedure which requires sending of a NAS message, the UE in 5GMM-CONNECTED mode with RRC inactive indication over 3GPP access shall request the lower layers to transition to RRC_CONNECTED state (see 3GPP TS 38.300 [27]).

The UE shall transition from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-CONNECTED mode over 3GPP access upon receving from the lower layers indication that the UE has transitioned to RRC_CONNECTED state (see 3GPP TS 38.300 [27]).

NOTE:
The AMF can be aware of the transition between 5GMM-CONNECTED mode and 5GMM-CONNECTED mode with RRC inactive indication for a UE (see 3GPP TS 23.502 [9]).
The UE shall trigger a transition from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-IDLE mode upon selection of a PLMN that is not an equivalent PLMN to the registered PLMN.
Annex C: Excerpts from TS 23.501
5.3.3.2.5
CM-CONNECTED with RRC Inactive state

RRC Inactive state applies to NG-RAN.

The AMF, based on network configuration may provide assistance information to the NG-RAN, to assist the NG-RAN's decision whether the UE can be sent to RRC Inactive state.

Editor's note:
It is FFS if the UE provides indication of support for RRC inactive state on NAS or AS layer.

The "RRC Inactive assistance information" includes:

-
UE specific DRX values.

-
the Registration Area provided to the UE;
-
Periodic Registration Update timer

-
If the AMF has enabled MICO mode for the UE, an indication that the UE is in MICO mode.
-
Information from the UE permanent identifier, as defined in TS 38.304 [50], that allows the RAN to calculate the UE's RAN paging occasions.
The RRC Inactive assistance information mentioned above is provided by the AMF during N2 activation with the (new) serving NG-RAN node (i.e. during Registration, Service Request, handover) to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state. RRC Inactive state is part of RRC state machine, and it is up to the RAN to determine the conditions to enter RRC Inactive state. If any of the parameters included in the RRC Inactive Assistance Information changes as the result of NAS procedure, the AMF shall update the RRC Inactive Assistance Information to the NG-RAN node.
When the UE is in CM-CONNECTED state, if the AMF has provided RRC Inactive assistance information, the RAN node may decide to move a UE to CM-CONNECTED with RRC Inactive state.
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.
The 5GC network is not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state, unless the 5GC network is notified via N2 notification procedure in TS 23.502 [3] clause 4.8.3.
At transition into CM-CONNECTED with RRC Inactive state, the NG-RAN configures the UE with a periodic RAN Notification Area Update timer taking into account the value of the Periodic Registration Update timer value indicated in the RRC Inactive Assistance Information, and uses a guard timer with a value longer than the RAN Notification Area Update timer value provided to the UE.
If the periodic RAN Notification Area Update guard timer expires in RAN, the RAN shall initiate AN Release procedure as specified in TS 23.502 [3].
When the UE is in CM-CONNECTED with RRC inactive state, the UE performs PLMN selection procedures as defined in TS 23.122 [17] for CM-IDLE.

When the UE is CM-CONNECTED with RRC Inactive state, the UE may resume the RRC Connection due to:

-
Uplink data pending;

-
Mobile initiated NAS signalling procedure;

-
As a response to RAN paging;

-
Notifying the network that it has left the RAN Notification area;

-
Upon periodic RAN update timer expiration.

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 the RAN paging procedure, as defined in TS 38.300 [27], is not successful in establishing contact with the UE the procedure shall be handled by the network as follows:

-
If NG-RAN has at least one pending NAS PDU for transmission, the RAN node shall initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6,) to move the UE CM state in the AMF to CM-IDLE state and indicate to the AMF the NAS non-delivery.
-
If NG RAN has only pending user plane data for transmission, the NG-RAN node may keep the N2 connection active or initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6) based on local configuration in NG-RAN.

NOTE:
The user plane data which triggers the RAN paging can be lost, e.g. in the case of RAN paging failure.
If a UE in CM-CONNECTED with RRC Inactive state performs cell selection to GERAN/UTRAN/E-UTRAN, it shall follow idle mode procedures of the selected RAT as specified in clause 5.17.

In addition, a UE in CM-CONNECTED state with RRC Inactive state shall enter CM-IDLE state and initiates the NAS signalling recovery (see TS 24.501 [47]) in the following cases:
-
If RRC resume procedure fails,

If the UE receives Core Network paging,

-
If the periodic RAN Notification Area Update timer expires and the UE cannot successfully resume the RRC Connection.
-
in any other failure scenario that cannot be resolved in RRC Inactive state and requires the UE to move to CM-IDLE state.

When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the Reporting Type indicating single stand-alone report, the RAN shall perform RAN paging before reporting the location to AMF.

When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the Reporting Type indicating continuously reporting whenever the UE changes cell, the RAN shall send a Location Report message to AMF including UE's last known location with time stamp.

When the UE is CM-CONNECTED with RRC Inactive state. If the AMF receives Nudm_UEContextManagement_DeregistrationNotification from UDM, the AMF shall initiate AN Release procedure as specified in TS 23.502 [3].
When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the Reporting Type of the Area Of Interest based reporting, the RAN shall send a Location Report message to AMF including UE presence in the Area Of Interest (i.e., IN, OUT, or UNKNOWN) and the UE's last known location with time stamp.
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