[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #95bis	R2-166232
Kaohsiung, Taiwan, 10 - 14 October 2016


Agenda item:	9.2.2.1
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	Considerations on NR IDLE mode
WID/SID:	FS_NR_newRAT - Release 14
Document for:	Discussion and Decision
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

This contribution discusses characteristics of the possible directions for NR RRC_IDLE state and how that interworks with the “new state” as well as NR CONNECTED 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 “new state” 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 “new state” 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 “new state”, 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	IDLE state for NR
As discussed above and in [4], retaining the IDLE state in NR on top of CONNECTED state and the “new state” 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 “new state” 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 “new state” 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 “new state” in NR, 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.
[bookmark: _GoBack]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, however, solutions how to align this procedure with the “RAN initiated notification” procedure could be seeked.
Proposal #1: The “new state” 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.
Based on the discussion above and in [4], the following state machine is proposed for NR RRC:
Proposal #2 The NR RRC state machine is proposed to consist of three states, where one state is used mainly for initial operation and fault management (IDLE), one state is used during inactivity periods (“new state”) and one state is used for active data transmission (CONNECTED).
3	Conclusion
In this contribution we discussed the possible characteristics of NR IDLE state and how that should be reflected with the designed “new state” for NR. Based on this, we have the following observations/proposals:
Observation #1: The most procedures performed in LTE RRC_IDLE state are needed also for NR system.
Observation #2: If the “new state” 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 could be reconsidered.
Proposal #1: The “new state” 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.
Proposal #2 The NR RRC state machine is proposed to consist of three states, where one state is used mainly for initial operation and fault management (IDLE), one state is used during inactivity periods (“new state”) and one state is used for active data transmission (CONNECTED).
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