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Abstract of the contribution: This paper is summary of email discussion on the topic "Convergence of CN/NAS state model".
1
Introduction

This email discussion is aimed at making progress on the topic Mobility Management especially for "Convergence of CN/NAS state model" ahead of the SA2#116bis meeting. So SA2 can checks which solution can be merged each other and which one can't. This email discussion does not intend precluding of specific solution at this moment.
-
Deadline:




Thursday 18/08/2016
2.
Discussion
2.1
Solutions for CN/NAS state model
Following tables depicts solutions which were approved on CN/NAS state model on key issue 4 so far. Only CN/NAS state related functionality has been considered in this table.
Table 1 Solution for CN/NAS state model from clause 6.3 in TR 23.799
	Solutions
	General Description
	Characteristics
	Convener's analysis

	3.2 Mobility state framework
(Nokia/Ericsson)
	Introducing RRC inactive state which is under CN-Connected and transparent to NG CN/NAS.
Suspend/Resume procedure in Rel-13 can be reused for RRC inactive state.
	- CN idle and RRC idle is synchronized each other
- New RRC state "RRC inactive" is under CN-Connected
- No data transmission while RRC inactive state

- Whether there is a need for a RAN area that is controlled by RAN while RRC inactive state is for the RAN WGs to determine.
- transition between CN-Idle and CN-Connected is based on explicit signalling (i.e. setup/release)
	This solution is basic CN/NAS states model which introduces RRC inactive connected state. This solution is applicable variety of vertical services.

	3.3 Solution for mobility framework with RAN level tracking 
(Intel)
	Introducing RRA_PCH state which is under CN-Connected and transparent to CN. RRA_PCH is similar to URA_PCH in UTRAN.
	- CN idle and RRC idle is synchronized each other
- New RRC state RRA-PCH is under CN-Connected
- No data transmission while RRA-PCH

- RAN area is controlled by RAN while RRA-PCH state
- transition between CN-Idle and CN-Connected is based on explicit signalling
	Very similar to 3.2 if RRC-Idle/CN-Idle is kept for NextGen.

	3.6 Mobility states for UE with power consumption optimization 
(Huawei)
	Almost same as Power Saving Mode of Rel-12. The difference  of this solution is that power saving state is explicit state rather than implicit state
	
	This is not a basic CN/NAS state model. Only cover some vertical which requires extreme power saving

	3.7 NextGen State Model 
(Mediatek)
	Very similar to the MM state of GPRS system:

Introducing three NMM states
- NMM De-registered

- NMM Registered-Standby

- NMM Registered-Ready

Three RRC states

- RRC Initial

- RRC Low Energy

- RRC High Performance
Ready timer is used for transition from Registered-Ready to Registered-Standby
	For RRC Low Energy state with NMM Registered Standby state is almost same as legacy RRC Idle state.

For RRC Low Energy state with NMM Registered Ready state is almost same as RRC inactive state in solution 3.2.

RRC High Performance is same as RRC connected.
RRC Connection-less data transfer is possible. (UE can send data while the UE is in RRC Low Energy state with NMM Registered Ready)
	Some part of this solution is similar to solution 3.2.
But the transition of state is also available by timer expiration (implicit approach) instead of explicit signalling.
Also, direct data transmission while the UE is in RRC Low Energy state without the UE enters RRC High Performance

	3.8 Simplified mobility states for stationary UE and MO data transmission only UE 
(CATT, AT&T)
	Two NAS states and RAN states are introduced
NG_NAS state:

-NG_NAS_REGISTERED

-NG_NAS_DE-REGISTERED

NG-RAN state:

-NG_RAN_CONNECTED

-NG-RAN_INACTIVE
	UE behaviour in NG_RAN_INACTIVE is almost same as RRC Idle/Inactive (i.e. no RRC connection). Only some sub-states are omitted for stationary UE and MO data only UE
( No NG-Idle for stationary UE

( No NG-Idle and RRC inactive for MO only UE
	Can be realized by 3.2/3.3
For stationary UE, system does not force this UE to CN-Idle state.

For MO only UE, system force to detach after completion of data transmission.


2.2
Questions for progress
Questions for further progress in order to converge solutions on CN/NAS state model are listed below. 
Q1. Is there any missing solution for on CN/NAS state model in Table 1 (above)?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	LG Electronics
	No

	MediaTek
	No

	`
	NO

	AT&T
	NO

	Ericsson
	No

	Intel
	No

	CATT
	No

	Qualcomm
	No

	Nokia
	No


Q2. Solution 3.2 and solution 3.3 can be merged each other? Any comment and idea on this? What should be remained or removed from each solutions?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	LG Electronics
	Yes, we think NG CN Idle should be kept for NextGen. So the overall concept of 3.2 and 3.3 is very similar. Also, details of RAN behaviour between solution 3.2 and solution 3.3 may be different but it should be identified by RAN2/RAN3 rather than SA2.

	DCM
	We think the NG CN Idle must be kept for NextGen, therefore we agree with LG that 3.2 and 3.3 can be merged.

	MediaTek
	NG CN Idle state must be kept.

	CMCC
	We believe NG CN Idle must be kept for NextGen, but it may be an optional state in certain optimal implementation. For example, in case for stationary UE, if the RAN support RRC inactive state，the NG CN Idle may not be needed for such UE.

	AT&T
	Same view as CMCC i.e. states can be simplified in some use cases and therefore possibility of how 3.2/3.3 can be simplified to explicitly support something like 3.8 for the case of permanently fixed / stationary UEs should be explored.

	Ericsson
	NG CN Idle state shall be kept. The need for RAN tracking areas is for RAN groups to determine. The solutions have merging potential.

	Deutsche Telekom
	In principle, we share views with CMCC and AT&T. RAN based area management is needed in our view. CN / RRC idle synchronisation should be replaced by a requirement that the need for CN paging should be synchronised between CN and AN.

	Intel
	Same view as CMCC, AT&T and DT regarding the use of CN_Idle state. We expect that “the RAN design will enable minimization of CN-initiated paging and UE associated CN/RAN signaling” (as captured in the Functional Split agreements in clause 8.1), so that the UE does not have to be put in CN_Idle mode unnecessarily. We also expect that for non-3GPP access such as WLAN or fixed access the UE will be kept in permanent CN_Connected state.

Merger of 3.2 and 3.3 is, of course, possible. One thing that we would like to see clarified with 3.2 is the following: if there is no notion of RAN-level areas, how does paging work when UE moves to a new cell while in Connected_Inactive state? Is there some fallback to CN-initiated paging in this case?


	CATT
	We think merging those two solution is doable and a good way forward.
NG CN Idle must be kept from system point of view. However, for some UEs or in some scenarios, NG CN IDLE state is not need.
On the need of RAN level tracking, we share the view expressed by Deutsche Telekom.

	Qualcomm
	They can be merged. NG CN Idle should be kept for NextGen. Details of RAN states shall be left to RAN groups.

	Nokia
	NG CN Idle state is needed. This is one main difference between 3.2 and 3.3 from CN perspective. Otherwise, the difference vs merge between 3.2 and 3.3 are for RAN WGs to sort out.


Q3. Solution 3.7 can be merged into solution 3.2 and/or 3.3 or should be separated solution? If solution 3.7 can't be merged, what is basic difference? What should be remained or removed?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	LG Electronics
	At this moment, we think the concept of 3.7 is quite similar to 3.2 and/or 3.3 except following differences.
1) Timer is used for transition between registered Ready to registered Standby. However we see registered Ready is similar to CN connected with RRC connected. And registered Standby is similar to RRC inactive or RRC idle.
2) On RRC connection-less data transmission, we tend to support this functionality. However this should be discussed in RAN.

	DCM
	We think the core network aspects of 3.7 are similar with the merged 3.2 and 3.3, and possible differences in RRC state model are up to RAN2 WG to decide. We think data inactivity timer as described in 3.7 is needed, this should be similar to RRC inactivity timer in EPS, but the details are up to RAN2 WG to decide. 



	MediaTek
	3.2, 3.3 and 3.7 are similar from a CN standpoint (though do have discrepancies from NG2/NG3 point of view). 3.2 and 3.7 are closer to each other in our view, in particular we can observe NCM Idle/Connected and NMM Registered Standby/Ready are very similar. However, in terms of mobility mechanisms, 3.3 and 3.7 consider both handover and cell reselection during data transfer, not only handover. Furthermore, the data inactivity timer is needed in our opinion.
Other differences between 3.2, 3.2 and 3.7 are essentially RAN2 related.

	CMCC
	In 3.7, the Registered Ready is similar with CN connected, RRC connected. Registered Standby is similar with RRC inactive or RRC idle. We think it is similar with the merged 3.2/3.3 from CN side. The RRC related differences between 3.2, 3.2 and 3.7 are up to RAN2 WG discussion.

	AT&T 
	No specific views on 3.7.

	Ericsson
	The core network aspects of 3.7 are similar with the solutions 3.2 and 3.3. RRC details differ and are up to RAN2 WG to decide. We think data inactivity timer as described in 3.7 is not needed to be specified but rather assumed to be an implementation choice, This should be same as in RRC protocol in EPS where no such timer is specified in.



	Deutsche Telekom
	No specific view on 3.7.

	CATT
	Same view as that expressed by  CMCC and Ericsson.

	Qualcomm
	CN aspects of 3.7 are the same as 3.2 and 3.3. The main differences are RAN related.


Q4. Solution 3.8 is simplified CN/NAS state model. So this can be realized using general CN/NAS state mode? Any comment or idea?

Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	LG Electronics
	Simplified CN/NAS state is specific condition of 3.2 and 3.3 so it can be realized using basic CN/NAS state with some implementation.
For example, if a UE is stationary UE, network never force the UE to CN idle state. Keeping this UE in RRC inactive while the UE has no data transmission.

And for MO only UE, the UE immediately detach after completion of data transmission. Or system force detach of the UE after the completion of data transmission.

	DCM
	We agree with LG that this is an implementation matter; there is no need to specify this special case.

	MediaTek
	We support specifying a single state machine not a multitude of them.

	CMCC
	3.8 proposed the simplified CN/NAS state model which can be considered as an optimized implementation based on 3.2/3.3

	AT&T
	Similar to CMCC – we think optimizations of 3.8 should be made explicitly part of simplified 3.2./3.3 for fixed / stationary 5G UEs.

	Ericsson
	To simplify the overall system a single state machine is preferred.

	Deutsche Telekom
	Same view as CMCC and AT&T. This can also be applied for non-3GPP accesses.

	Intel
	We should define a general CN/NAS state model. Then based on use cases or access type or UE type, only a subset of the general model will be used. 

	CATT
	Agree with AT&T.
We would like to have simplified models for some use cases, e.g stationary UE, no matter defining additional specific CN/NAS state models or tailoring a general state model adaptively. 

	Qualcomm
	No need to specify multiple state machines. 3.8 is a specific instance of the more general state machine.

	Nokia
	We support specifying a single state machine. We also believe that 3.8 is just a specific example of state transition for a specific scenario (i.e. fixed). This can be achieved using a basic NAS state machine i.e. 3.2.


Q5. Solution 3.6 is especially for Power Saving Mode. Power Saving Mode state should be explicit CN/NAS state or implicit configuration which is same as Rel-12 as it is?

Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	LG Electronics
	We don’t have strong opinion on this. However this Power Saving State should be considered after we complete basic CN/NAS state model.

	MediaTek
	3.6 is the only proposal for a NAS power save state as such. We think a power save state should be specified at RRC layer, not at NAS.

	CMCC
	We think the PSM mode should be an explicit CN/NAS state

	Ericsson
	RAN groups will investigate whether a power saving operation can be accommodated by Access Stratum functionality e.g. using DRX cycles with the appropriate length to achieve the desired power saving. 

	Deutsche Telekom
	Inter-layer dependencies (between AS and NAS) should be avoided. Our preference for PSM is for it to be located in AS.

	Intel
	Our view on PSM is described in Solution 3.12. As clarified in 3.12, the proposed PSM can be applied to both RRC_Idle (CN_Idle) and RRC_Connected_Inactive (CN_Connected).

PSM should not be an explicit CN/NAS state. It should be a substate of either CN_Idle or CN_Connected (RRC_Connected_Inactive) state as described in Solution 3.12.

	CATT
	Regarding the extend idle mode drx cycle and PSM defined in LTE-13 have big impacts on MME/SGSN paging behaviours , GTP-C retransmission timer and DL data buffering , the Power Saving Mode layer should be a explicit CN/NAS state.
Our view is that even it is a CN/NAS state, some UE could be configured to not to use this state, while other UEs wish saving power are configure to use this state..

	Qualcomm
	The support of a power saving state should be studied by RAN. SA2 should not consider it as part of the UE/CN state and NAS level

	Nokia
	We also believe that power saving state should be first studied by RAN. Based on the outcome, it can be determined whether any additional feature/state or sub-state at CN/NAS level is needed.


3
Summary and Proposal
As the outcome of this email discussion, the following is proposed.
Agreed on following aspects

1) NG CN Idle must be kept

2) RRC power save state (e.g. RRC inactive, RRA_PCH, RRC Low Energy) under NG CN connected will be defined for NextGen system

3) In SA2 point of view, solution 3.2, 3.3 and 3.7 can be merged each other and the merged solution will be the baseline of NextGen system

4) On Q5, Power Saving Mode/States should be studied first by RAN
Following aspects need more discussion
5) How to implement simplified solution (i.e. 3.8) is FFS with following alternatives due to a lack of consensus
5-1) only single CN/NAS state should be specified. The simplified mobility states in 6.3.8 can be realized via NextGen system management using single CN/NAS state model (e.g. For a stationary UE, NextGen system does not force this UE to CN-Idle state. For MO data transmission only UE, system can force to detach the UE after completion of data transmission)

5-2) Based on basic CN/NAS state model, optimized implementation option for certain UE type(s) (e.g. fixed/stationary) is necessary.
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