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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 called 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. Since it is impossible to assume that NR coverage will be continuous with 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 an acceptable cell. As there is no RRC_INACTIVE state in LTE, cell re-selection/selection process was effectively completely transparent to RAN because the UE anyway is 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#103bis meeting several agreements were made confirming previous RAN WG2 working assumption that a UE should stay in RRC_INACTIVE state if it leaves "in service" state, i.e. if it is not camped on the suitable cell. In addition to it, RAN WG2 also agreed that a UE should stay in RRC_INACTIVE even if it camps on the acceptable cell.
Agreements 

1
If the UE enters "Any cell selection" the UE remains in RRC_INACTIVE
2
If the UE camps on an acceptable cell (i.e. “Camped on any cell” state) the UE remains in RRC_INACTIVE and then goes to IDLE when RNAU update timer expires or until the UE NAS initiates signalling (RRC also to be updated to ensure that RNAU is not triggered on acceptable cell)
However, as communicated back in the LS from CT WG1 [2], asking a UE to stay in RRC_INACTIVE state while camping on the acceptable cell will lead to quite noticeable changes in the NAS specifications and will complicate AS/NAS interactions. Thus, CT WG1 preference is to have a simpler UE behaviour, e.g. moving immediately to RRC_IDLE. Thus, in this discussion paper we provide a detailed specification impact analysis for different approaches on how a UE can behave while camping on the acceptable cell.
2
UE behavior on the acceptable cell
2.1
General considerations
When a UE leaves "camped normally state", it enters the mode in which it searches for a new cell and in most cases finally camps on another suitable cell. There is however a case when a UE may also camp on a so-called "acceptable cell". It is a relatively rare event because 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. Only if a UE cannot find any cell belonging to the registered PLMN is found, it camps on the "acceptable cell" (that in most cases belongs to a different PLMN).
Referring to the RAN WG2 agreements from the RAN2#103bis meeting, a UE is expected to stay in the RRC_INACTIVE state even upon entering "camped on any cell" state, which corresponds to Approach 2 in Table 1 below. However, as indicated by CT WG1, that will lead to quite noticeable changes in the current NAS specifications. Thus, Table 1 presents two alternatives – Approach 1 and 3 – which have smaller specification impact.
Table 1: Summary of the UE behavior on the acceptable cell. 

	
	Approach 1
	Approach 2
	Approach 3

	General principle
	Upon camping on the acceptable cell, let a UE to stay in INACTIVE following existing procedures
	Upon camping on the acceptable cell, let a UE to stay INACTIVE, but move to IDLE upon MO transmission
	Upon camping on 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 staying on 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.
Marginal CT impact.
	Changes in TS 38.331 and TS 38.304 will be needed.
Large CT impact.
	Marginal changes in TS 38.331 and/or TS 38.304 to trigger transition to IDLE.
No CT impact.


In approach 1, a UE follows existing RRC procedures upon entering the acceptable cell; in other words it may or may not remain in RRC_INACTIVE depending on the "acceptable cell" configuration (as presented on Figure 1a and 1b). It bears noting that "acceptable cell” may belong to the registered PLMN or may belong to a completely different PLMN.
 If the acceptable cell belongs to the registered PLMN, a UE would of course remain in the RRC_INACTIVE state. Even a resume procedure and/or RAN area procedure on such a cell still could succeed; but if it fails a UE will move to RRC_IDLE as per existing RRC rules. 

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 (same as figure 1a). However, whenever mobile-originated transmission is necessary e.g. for the emergency call, a UE would move to RRC_IDLE without even trying to perform the corresponding RRC procedure. 
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 without even checking which PLMN it belongs to (same behavior as presented in 1b). 
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Figure 1a: A UE stays in RRC_INACTIVE upon camping on the acceptable cell (e.g. registered or equivalent PLMN).
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Figure 1b: A UE leaves RRC_INACTIVE upon camping on the acceptable cell (e.g. neither registered nor equivalent PLMN).
2.2
Specification impact analysis

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. 
-
Approach 1 does not impact TS 38.331 because we follow existing RRC procedures. However, we might need to clarify TS 38.304 effectively allowing a UE to perform some RRC procedures on the acceptable cell, such as resume procedure and acting on paging, because the original intention of the acceptable cell is to make only emergency calls. There is no significant impact to CT specifications either because a UE would follow existing PLMN selection procedures, as illustrated in Figure 1a and 1b. However, CT WG1 indicated that some NAS related changes will be needed to support the concept of the UE in the RRC_INACTIVE state camped on the acceptable cell. 
-
In case of Approach 2, we would resort for making quite noticeable changes to AS and NAS specifications. Current CT specification TS 24.501 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, NAS layer should be informed that a particular cell is the "acceptable" cell so that PLMN selection procedure and related actions are changed. NAS also must be aware that a UE is on the acceptable cell to switch the UE to RRC_IDLE if the upper level request arrives, e.g. for the emergency call.

-
With approach 3, there is no NAS specification impact and the TS 38.331/38.304 changes would be quite marginal as we will have to clarify that a UE goes immediately to RRC_IDLE upon camping on the acceptable cell. 

Based on the presented specification impact analysis, the following conclusions can be made:

Observation 1:
Both approach 1 and approach 2 have NAS specification impact.

Observation 2:
Approach 1 requires some changes in TS 38.304 to allow certain procedures on the acceptable cell, such as resume procedure.

Observation 2:
Approach 2 has the highest CT and RAN specification changes impacting some of the core NAS procedures.

Observation 4:
Approach 3 does not impact NAS at all and requires only marginal changes in TS 38.304.
3 Conclusion

In this discussion paper we have presented our further views on the UE behavior in RRC_INACTIVE upon camping on the "acceptable" cell. Accounting for the feedback from CT WG1, our preference is to keep UE behavior simpler avoiding unnecessary specification impact to NAS and AS layers. 
Proposal 1:
Accounting for the CT WG1 feedback, we ask RAN WG2 to revise its previous agreement regarding UE behavior on the acceptable cell.
Proposal 2:
Consider a solution that does not impact NAS and involves only AS level changes, i.e. Approach 3 when a UE goes to RRC_IDLE after camping on the acceptable cell.
The corresponding CR for TS 38.304 implementing a solution when a UE goes immediately to RRC_IDLE upon camping on the acceptable cell can be found in [3].
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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. 
� 	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" as defined in TS 38.304.
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