3GPP TSG RAN WG2 #105
Tdoc R2-1900424

Athens, Greece, 25 Feb – 1 March 2018


Agenda Item:
12.1.12 and 12.2.10
Source: 
Qualcomm Incorporated
Title:    
Support for User Plane CIoT optimisation for 5GC
Document for:

Discussion and decision
1 Introduction
The Rel 16 work-items for eMTC [1] and NB-IoT [2] enhancements has been updated to include the following objectives:
· Support of extended DRX in CM-IDLE
· Support of extended DRX in CM-CONNECTED with RRC_INACTIVE (support of sleep cycles up to the NAS and SMS retransmission timers)

· Support of EDT for Data over NAS and UP solution (see Note)
· Support of Inter-UE QoS for data over NAS (resource prioritisation between different NB-IoT UEs)

· Support of restriction of use of Enhanced Coverage

· Delivery of Expected UE Behaviour information to the RAN

· Additional information in SIB to indicate supported CIoT features; indication of CIoT features supported by the UE in RRC
Note: Based on the outcome of RAN2/SA2 liaison exchanges, UP solution to be supported for connection to 5G-CN may be later updated.
In addition, SA2 has sent an LS in [3] which notifies RAN2 of the completion of SA2 study on solutions to support CIoT with 5GC. In this LS they ask the following from RAN2:
“SA2 kindly requests RAN2 to inform SA2 whether they intend to support UP optimization and RRC_INACTIVE for NB-IoT and eMTC connected to 5GC”

SA2 has sent a further LS in [4] highlighting the fact that study done in Release 13 identified connected mode eDRX cycle to be no larger than 10.24sec to avoid impact of core network. SA2 asking CT1/CT4 what values of connected mode eDRX can be supported with 5GC.

This paper considers the difference between RRC-INACTIVE and User Plane CIoT EPS Optimisation and proposes way forward.
2 Discussion
2.1 Comparison of UP CIoT and RRC-Inactive
Table 1 lists key attributes of User Plane CIoT EPS Optimisation and RRC-INACTIVE state and 
Table 1 Comparison of UP CIoT and RRC Inactive
	Characteristic
	UP CIoT
	RRC-Inactive

	UE Power Saving

	Deep sleep with MICO
	YES. 
Allows for deep sleep cycles of up to ~10days (maximum periodic update timer). Normally deep sleep cycles are left by UE due to MO data/signalling.
	NO. 
MICO only applies to CM-IDLE state.

	
	eDRX
	YES. Deep sleep cycles of up to ~44min for eMTC and ~3hrs for NB-IoT (see [5] section 4.5.13.3.0).
	LIMITED “with sleep cycles up to the values of the relevant 5GC retransmission timers (i.e. N1 NAS, SMS, service-based interface timers) to avoid 5GC impacts” [4]. Most likely within tens of seconds. 

	Leave connected state
	Release with suspend
	Release with suspend

	Enter Connected
	RRC Resume
	RRC Resume

	Activities when suspended/Inactive
	State duration
	Until need for connected state. (e.g TAU, MO data)
	Maximum duration limited by periodic RANU timer and MO data

	
	Paging Reception
	Yes (NAS paging)
	Yes (RAN & NAS paging)

	
	Cell reselection
	Yes
	Yes

	
	PLMN Selection
	Yes
	Yes

	
	Broadcast SIB reception
	Yes
	Yes

	
	RAN configured DRX
	No
	Yes

	
	NAS configured DRX
	Yes
	No

	
	UE AS context stored in RAN
	Yes
	Yes

	
	RAN based notification area
	No
	Yes

	
	Periodic RAN-based Notification Area Update
	No
	Yes (Note 1)

	
	Unique ID 
	Yes (resumeID)
	Yes (I-RNTI)

	
	CN State
	ECM-IDLE with suspend indication
	Connected

	
	RAN-CN Connection
	S1 signalling connection suspended.

S1 user plane connection released
	S1 connection Active

	
	NAS Service Request during resume procedure
	No
	No

	
	Security
	Updated security provided in Msg 4 during Resume procedure
	NCC provided in RRC Connection Release

	
	Use case
	Infrequent data
	Frequent data


Note 1: Periodic RANU can be set to 5 – 720min.
From Table 1 it can be seen there is significant similarity between the two RRC states. 
The key differences between the two are summarised below:
1. Power saving difference. 

· It is clear that only UP-CIoT allows for long periods of deep sleep cycle. Low power is a KEY feature of Cellular IoT. 

· RRC inactive provides only very limited power saving (although still to be confirmed, most likely extended DRX of less than 1 minute)

2. Signalling: 

· Minor difference: UE needs to initiate signalling whenever it changes RAN Notification Area and when RAN update timer expires, potentially leading to increased signalling. 
These key differences, particularly power saving potential, actually makes RRC-Inactive state much less efficient than UP-CIoT (i.e. Idle suspended) for the case of Low Power Wireless Access (LWPA), i.e. most important scenario of Cellular IoT. 
On the other hand, RRC inactive, by the addition of RNA and RNAU, ensures that the RAN context can always be retrieved when there is data, which makes it attractive solution for relatively frequent data (e.g. frequent periodic updates, keep-alives). 

Observation 1:
Only UP-CIoT can provide significant power savings, with very long deep sleep cycles, with the use of eDRX and/or MICO. RRC-INACTIVE state is very limited in its capability for power savings.

Observation 2:
From signalling perspective there is similarity between UP-CIoT and RRC-INACTIVE state but system level behaviour is quite different.
Observation 3:
RRC-INACTIVE state adds complexity on top of what is required for UP-CIoT (e.g. periodic timer and RAN notification).

2.2 Proposal

User Plane CIoT and RRC-INACTIVE state has different use cases, one is not a replacement for the other but rather they can be considered as complementary.
User Plane CIoT is the only user plane solution suitable for Low Power Wireless Access (LPWA) scenario with infrequent data, as it is the only solution to allow for very long deep sleep cycles. 

On the other hand, RRC-INACTIVE state is an attractive solution for frequent data, e.g. periodic keep-alive or updates. Note however that NB-IoT was designed specifically for the LPWA scenario, and not for frequent data scenario. Therefore, RRC-INACTIVE state makes sense for eMTC and not for NB-IoT.

Proposal 1: UP CIoT should be supported for both eMTC and NB-IoT with 5GC.

Proposal 2: RRC-Inactive should be optional for eMTC UE. 

Proposal 3: Inform SA2 that RRC-Inactive should not be supported for NB-IoT. 

Proposal 4: Inform SA2 that RAN2 requires support for UP CIoT with 5GC for both eMTC and NB-IoT. 
Summary

This document compares UP-CIoT & RRC-INACTIVE state considers the potential eDRX cycles in connected mode and makes the following observations and proposals:
Observation 1:
Only UP-CIoT can provide significant power savings, with very long deep sleep cycles, with the use of eDRX and/or MICO. RRC-INACTIVE state is very limited in its capability for power savings.

Observation 2:
From signalling perspective there is similarity between UP-CIoT and RRC-INACTIVE state but system level behaviour is quite different.

Observation 3:
RRC-INACTIVE state adds complexity on top of what is required for UP-CIoT (e.g. periodic timer and RAN notification).

Proposal 1: UP CIoT should be supported for both eMTC and NB-IoT with 5GC.

Proposal 2: RRC-Inactive should be optional for eMTC UE. 

Proposal 3: Inform SA2 that RRC-Inactive should not be supported for NB-IoT. 

Proposal 4: Inform SA2 that RAN2 requires support for UP CIoT with 5GC for both eMTC and NB-IoT. 
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