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Abstract of the contribution: This paper proposes to discuss the framework of RRC-INACTIVE, especially the applicability of longer DRX and also the necessity of RRC state awareness by CN (i.e. AMF).

1. Discussion

RAN agreed introducing of new RRC state "RRC-INACTIVE" for NR as depicted in Figure 1. The RRC-INACTIVE realizes the distributed Mobility Management handling in RAN during the UE's inactivity period which generally inherits the functionality of the User Plane CIoT EPS Optimization and may enhance to include RAN paging/buffering functionality (aka the concept of Light Connection) as depicted in Table 1.
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Figure 1 UE states and state transitions in TR 38.804
A. What is the RAN-INACTIVE requirement?
Table 1 EPS options for Mobility Management distribution

	EPS options
	UE context 
during UE's inactivity period
	UE&CN state/
during inactivity period
	Reachability handling
	DRX period

	User Plane CIoT EPS Optimization
	eNB
	ECM-IDLE
	by MME
	Applying normal & eDRX (max DRX period is 44 mins)

	Light connection
	eNB
	ECM-CONNECTED
	by eNB
	Only normal DRX (max DRX period is 2.56s)


The characteristic of User Plane CIoT EPS Optimization:

When a UE's inactivity is detected by the eNB, the S1 connection is released and the UE and MME enters ECM-IDLE state but the UE's context (e.g. AS security) is maintained in eNB. Therefore the UE's context (e.g. AS security info) can be reused for the next connection setup, it results in omitting of AS security setup procedure. However the ECM-IDLE mode handling such as extended idle mode DRX, PSM, CN paging is still applicable when the connection is suspended. As depicted in Table 1, the maximum DRX cycle for extended idle mode DRX is around 44 mins now.
The characteristic of Light Connection (based on discussion & Way forward):

When a UE's inactivity is detected by the eNB, the S1 connection is not released but the eNB releases the RRC connection with a UE. Therefore the CN state is ECM-CONNECTED but the RRC state is light connected. In this case, eNB manages the reachability which includes RAN paging & Reachability management (i.e. tracking UE's mobility & periodic reachability) and UE shall monitor RAN level paging. The DRX period for RAN paging is limited to 2.56 s at this moment.
What is the requirements of RRC-INACTIVE framework for 5G:

The RRC-INACTIVE is the only state that a UE's mobility management is controlled by RAN during the UE's inactivity period. Therefore the architecture of RRC-INACTIVE should fulfil following two requirements.
a) UE power efficiency Comparable to CM-IDLE state.
b) Minimizing CN-RAN signalling interaction
Proposal: It is proposed that RAN-INACTIVE should fulfil following two requirements
Proposal 1-1: RAN-INACTIVE state should provide UE power efficiency comparable to CM-IDLE state

Proposal 1-2) RAN-INACTIVE state should minimize CN-RAN signalling interaction
B. UE power saving with RRC-INACTIVE

The basic method of UE power saving in inactivity period is increase of DRX cycle to maximize sleeping period of the UE. In EPS, current agreement of maximum DRX cycle in Light Connected mode is 2.56s but network can apply User Plane CIoT EPS Optimization for further UE power saving which allows extended idle mode DRX (up to 44 mins). The RRC-INACTIVE should provide comparable power efficiency so longer DRX than 2.56s should be supported. 
Proposal 2-1: Longer DRX should be supported in RRC-INACTIVE so it should guarantee comparable power efficiency to CM-IDLE.

The applicable DRX period is related to the System frame structure in RAN (10.24s is the period of LTE system frame structure) since the RAN should calculate the paging occasion without CN involvement. In EPS Rel-13 eDRX, the calculation of paging occasion for longer DRX than 10.24 is managed by MME based on HFN (Hyper Frame Number) so the maximum RAN level paging period is restricted by System frame structure in RAN.

Proposal 2-2: RAN should take the possible RAN paging period into account for System Frame structure design in order to provide longer DRX. Also it is proposed to send LS [1] to inform the necessity of longer DRX cycle for RRC-INACTIVE.
C. CN awareness of RRC state
For Light Connection, way forward has been made in RAN3 in R3-163238[2] as below.

Issue 9: MME awareness of whether the UE is in Light Connection or not

WA MME is not aware when UE moves to LC. 

It is considered that the principle design of the light connected mode foresees that the MME is not aware of whether the UE is in light connected mode or not. Whether this principle can hold for all existing CN features will need to be further assessed.

It was tentatively agreed that eDRX is not applicable for Light Connection and the maximum RAN paging cycle is 2.56s which is same as maximum normal idle mode DRX cycle but shorter than connected mode DRX cycle which is extended further to 10.24s in Rel-13. Thus the latency when a UE is in Light Connection is similar or shorter than connected mode DRX. Therefore it is observed that the MME does not need to know whether the UE is in Light connected or not.

As we proposed above, RRC-INACTIVE should provide UE power efficiency comparable to CM-IDLE so supporting of longer DRX is required and expected. It means that the communication latency in RRC-INATIVE state is much higher than RRC-CONNECTED state so an AMF may need to be aware of whether the UE is in RRC-INACTIVE state or not. However mandate of the AMF awareness of whether the UE is in RRC-INACTIVE or not is not necessary and increase the CN-RAN interaction. Therefore the RRC state reporting procedure which is used by an AMF to request the 5G-RAN to report whether the UE is in RRC-INACTIVE or not should be specified. The AMF can request the report of RRC state.
Proposal 3: RRC state reporting procedure should be specified, so the AMF can selectively request the report of state change depending on local policy and also the communication latency in RRC-INACTIVE for the UE.

2. Proposal

As discussed above. Sourcing company propose to agree on following aspects.

Proposal: It is proposed that RAN-INACTIVE should fulfil following two requirements

Proposal 1-1: RAN-INACTIVE state should provide UE power efficiency comparable to CM-IDLE state

Proposal 1-2) RAN-INACTIVE state should minimize CN-RAN signalling interaction
Proposal 2-1: Longer DRX should be supported in RRC-INACTIVE so it should guarantee comparable power efficiency to CM-IDLE.

Proposal 2-2: RAN should take the possible RAN paging period into account for System Frame structure design in order to provide longer DRX. Also it is proposed to send LS to inform the necessity of longer DRX cycle for RRC-INACTIVE.

Proposal 3: RRC state reporting procedure should be specified, so the AMF can selectively request the report of state change depending on local policy and also the communication latency in RRC-INACTIVE for the UE.

For Proposal 3, Sourcing Company submitted [2] corresponding P-CR in this meeting.
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