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1	Introduction
In the RAN2#95 meeting [1], the following agreements were reached wrt. NR RRC state model:
Agreements:
1: 	RRC states with significantly overlapping characteristics should be avoided. 
2: At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state. 

Agreement
1	One UE has only one NR RRC state at one time.
2	The connection (both CP and UP) between RAN and Core should be maintained in the “new state”
FFS whether the “new state” can be transparent to Core.
3	For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.
FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)
4:. 	For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 
FFS how CN location updates and RAN updates interact, if needed

And in the RAN2#95bis:

Agreements
1	Modelling will be concluded when functionality is understood (maybe in WI phase). For the scope of the study we will refer to RRC_INACTIVE.
2: 	A UE and at least 1 gNB should keep the AS context information in the RRC_INACTIVE state.
3: 	Limit number of radio network identifiers
4:	In the RRC_INACTIVE state, a UE location can be known at the RAN based area level where that area may be a single cell or more than one cell. Area is determined by the network..

This contribution discusses characteristics for NR RRC_IDLE and RRC_INACTIVE state.
2	Discussion
During the LTE studies, it was discussed whether the RRC_CONNECTED state should have similar energy saving capabilities to that of LTE RRC_IDLE state to avoid frequent state changes as far as possible. This approach was questioned at that time leaving the question what is then the need for RRC_IDLE state [2]. Thereupon, the connected mode DRX concept was created with the aim to keep UE in RRC_CONNECTED state still maintaining sufficient energy efficiency while RRC state transition could be avoided. However, the following LTE mobility studies as well as results from real NW deployments have shown the issues with connected mode DRX during frequent mobility events wrt. UE energy efficiency. Mainly because of this, the current LTE NWs are configured with very short UE inactivity timers after which the UE is pushed into RRC_IDLE state – by means of UE controlled mobility within the tracking area the energy efficiency can be implemented.
The modern diverse data applications ran in smartphones and MTC (Machine Type Communications) devices have, though, shown the above model does not scale well to all use cases – compared to actual data transmitted (usually very small packets, keep alive messages, transmitted by applications), the signalling required for RRC state transitions from RRC_IDLE to RRC_CONNECTED (and vice versa) consumes the lion’s share of the UE’s energy. This issue has been widely acknowledged and most of the companies have contributed on the introduction of the RRC_INACTIVE which should in high level provide comparable energy efficiency to that of LTE IDLE state while still pushing the signalling overhead and latency into minimum during inactive to connected transitions. 
2.1	RRC_IDLE mode in LTE
LTE RRC_IDLE mode tasks can be subdivided into four processes: PLMN selection; Cell selection and reselection; Location registration; and Support for manual CSG selection [3]. The LTE RRC_IDLE mode states and state transitions and procedures are depicted in the following figure from [3] – UE enters this state machine after performing PLMN selection.


	






	


Figure 1: LTE RRC_IDLE Cell Selection and Reselection
In RRC_IDLE, the UE camps on “Camped normally” state with Normal service when it selects or re-selects a suitable cell under the selected PLMN. If no suitable cell is found (or no PLMN could be selected), the UE enters Any Cell Selection state and upon finding an acceptable cell camps on “Camped on any cell” state with Limited service (emergency calls, ETWS and CMAS). The UE enters the LTE RRC_IDLE state machine first time upon power on and thereafter, e.g., by NW releasing the ongoing RRC connection; NW rejecting the UE’s RRC connection establishment request; via radio link failure; during Detach; etc. Even though the state machine includes many states and state transition procedures, for the absolute most cases the UE is performing the procedures of “Cell Selection when leaving connected mode” and “Cell Reselection Evaluation Process” in “Camped normally” state – due to frequent RRC_CONNECTED-to-RRC_IDLE state transitions and vice versa – which are usually referred to as UE based mobility which is now being considered also as part of the RRC_INACTIVE characteristics. Despite the UE based mobility, also all the other procedures performed in the LTE RRC_IDLE state are crucial for the new NR system and despite enhanced features/functionality considered for the RRC_INACTIVE, it is essential to retain most of these functions as part of the NR IDLE state to avoid just renaming the IDLE state.
Observation #1: The most procedures performed in LTE RRC_IDLE state are needed also for NR system.
2.2	Power saving in NR
As discussed above and in [4], retaining the IDLE state in NR on top of CONNECTED state and the RRC_INACTIVE will be essential. The pivotal question to be discussed is for what is it used for – among other things, LTE used it as the main energy saving state for the UE so it was accessed frequently. Considering that the target for the RRC_INACTIVE was to enable comparable energy efficiency to that of LTE IDLE state and if it was to provide significant improvement in pushing signalling overhead and latency to a minimum during inactive to connected transitions compared to that of IDLE-to-CONNECTED transitions, the use case for pushing and keeping the UEs residing in NR IDLE state could be reconsidered.
Observation #2: If the RRC_INACTIVE enables comparable energy efficiency to that of LTE IDLE state and enable significant improvement in signalling overhead and latency reduction during inactive to connected transitions, the role of NR IDLE state as the main energy saving state should be considered.
Assuming the main state for energy saving is the designed RRC_INACTIVE in NR (assuming proper DRX support as discussed in [5]), the NR IDLE mode could be used in normal scenarios as an intermediate state from where the UE always camps on CONNECTED state once a suitable cell is found (when entered to “Camped normally” state). Entering the NR IDLE state by the UE would be performed, e.g., upon UE power on/off; Detach; Attach reject; no recovery from Radio Link Failure or any other error scenario; etc., ie., the IDLE state machine would be called only when necessary. “Any Cell Selection” and “Camped on Any Cell” states should naturally also remain to be part of the IDLE mode, however, in this case the UE would not be expected to camp on CONNECTED state always as it would be under the Limited service (ie., only emergency calls would be possible and possibility to receive warning notifications) and neither to update its location to CN other than upon emergency call.
It is worth noting with such an approach the requirement to support maintaining the CN level tracking areas in NR IDLE state might become redundant as well as the paging the UEs in Normal service from IDLE state as the UE would always camp on CONNECTED once a suitable cell is found. The support for CN initiated paging would be required for UEs in “Camped on Any Cell” state with Limited service.
Proposal #1: It is important to retain IDLE state for NR at least for handling error scenarios.
Proposal #2: The RRC_INACTIVE should be considered the NR main state for energy saving for the UE and it should be optimized to be as power efficient as possible.
2.3	Characteristic of RRC_INACTIVE
As noted above in our view RRC_INACTIVE will be used actively by the network basically as a replacement of the RRC_IDLE – and RRC_IDLE is more or less transient state as well as used for handling various error scenarios. In addition so far in RAN2 for RRC_INACTIVE RAN2 has agreed:
1: The connection (both CP and UP) between RAN and Core should be maintained 	
2:  A UE and at least 1 gNB should keep the AS context information in the RRC_INACTIVE state.
3: 	Limit number of radio network identifiers
4:	In the RRC_INACTIVE state, a UE location can be known at the RAN based area level where that area may be a single cell or more than one cell. Area is determined by the network.
5:	For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself
6: 	RAN should be aware whenever the UE moves from one “RAN-based notification area” to another

In following we discuss further characteristics of RRC_INACTIVE:
2.3.1	Mobility
In the RRC_CONNECTED state UE mobility is most likely based on handover type of mobility which requires NW to order UE to change the serving cell. In the RRC_INACTIVE when there is not that frequent data transmission it is likely to be too cumbersome to require NW to order UE to change cell for each cell change as there may not even be any data transmission ongoing in the UE. So it seems that mobility in this state could be based on reselection type of mobility where UE obeys rules given by the network i.e. likely this would be somewhat similar as for IDLE state. This way UE can do mobility transparently to network within RAN-based notification area. 
Proposal: Mobility in RRC_INACTIVE is based on reselection mobility based on rules given by the network
2.3.2	Paging
As already agreed:
5:	For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself

UE is supposed to listen to some sort of channel regularly at predetermined occasions i.e. type of paging procedure which is known both in the UE and gNB(s).
Additionally it is not yet clear if UE could have some dedicated identities/channels available while operating in the RRC_INACTIVE e.g. it might be useful to allow in some scenarios UE to utilize scheduling request type of resources in order to avoid RACH usage or to be able to address UE directly in the PDCCH type of channel.  Regarding DRX handling in RRC_INACTIVE we have more detailed analysis in [5].
Additionally in the [6] we have discussion on the paging identities and found out that it would be preferable to use same identity regardless of whether the paging is coming from RAN or CN.  
Proposal: The same UE identity should be used regardless of whether the paging is initiated from the RAN or the CN for UE transparent paging.
2.3.3	RRC configuration handling
RAN2 has already agreed:
A UE and at least 1 gNB should keep the AS context information in the RRC_INACTIVE state.

This seems to imply that UE has whole AS context stored in the RRC_INACTIVE but it is not clear whether any or part of the RRC context is actually active in the RRC_INACTIVE state e.g. can UE send scheduling request in the state? Is there CQI reporting? One approach would be to consider UE to be more or less in RRC_IDLE type of state while just keeping AS context stored in the UE, but activated after signalling between UE and NW. But as indicated earlier it is likely that in some scenarios e.g. SR resources should be kept and in order to reach UE it might be better to use UE specific RNTI instead of using paging signalling in the RRC_INACTIVE state.
Observation: While UE keeps AS context information it is FFS which parts of AS context is active in the RRC_INACTIVE 
Additionally it is not yet clear whether UE needs to maintain valid system information in this state or is it NW responsibility to update UE with updated information. In order to understand all the implications one would need to consider also how system information is handled in RRC_CONNECTED state. As the UE can move within RAN based paging area without informing NW it seems to be quite cumbersome if one requires NW to update UE with changed system information, thus it seems that only viable solution is to make UE to ensure it has up to date system information. Of course it might be useful to make network to indicate whenever system information is updated but it is better to handle that in the generic system information discussion.
Observation: UE will ensure that it has valid system information in RRC_INACTIVE state. How UE will get knowledge of changed system information is FFS.
2.3.4	Data transmission possibility
In [7] we discuss the possibility to perform data transmission in the RRC_INACTIVE state. In the paper we think that we should enable and study possibility to send data in the state – at least for UEs which only have small amounts of data. 
Observation: It should be possible for NW to configure UEs to be able to send data in RRC_INACTIVE without state transitions.  
 
3		Conclusion
In this contribution we discussed the possible characteristics of NR IDLE and NR INACTIVE state an Based on this, we have the TP into TR 38.804:
5.5.2.X	Characteristics of IDLE
While the UE is in the IDLE, the attributes of UE are as follows:
-	The UE monitors downlink control channel based on parameters and identifier(s) provided by RRC/NAS signalling in order to let NW to initiate UE to start access procedure with the network.
-	the UE updates its location on the level of a “NAS-based notification area” when the UE moves from one “NAS-based notification area” to another.
- 	the UE performs reselections based on reselection evaluation.
-	For the UE it is possible for NW to enable data transfer in the state without state change to RRC_CONNECTED or RRC_INACTIVE.
-	the UE maintains system information up to date.
5.5.2.Y	Characteristics of RRC_INACTIVE
While the UE is in the RRC_INACTIVE, the attributes of UE are as follows:
- 	The UE maintains RRC configuration. It is FFS which parts of the configuration (if any) is active in RRC_INACTIVE.
-	The UE monitors downlink control channel based on parameters and identifier provided by RRC signalling in order to let NW to initiate UE to start access procedure with the network.
-	the UE updates its location on the level of a “RAN-based notification area” when the UE moves from one “RAN-based notification area” to another.
- 	the UE performs reselections based on reselection evaluation.
-	For the UE it is possible for NW to enable data transfer in the state without state change to RRC_CONNECTED.
-	the UE maintains system information up to date. It is FFS how UE gets understanding of changed system information.
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