SA WG2 Temporary Document

Page 6

SA WG2 Meeting #121
S2-173897
Hangzhou, P.R. China, 15-19 May 2017
(was S2-173054)
Source:
Qualcomm Incorporated
Title:
Co-existence between Light Connection and UP optimisation
Document for:
Discussion / Approval
Agenda Item:
6.15
Work Item / Release:
FS_LTE_LIGHT_CON / Rel-15
Abstract of the contribution: Analyses the coexistence between Light RRC Connection and User Plane CIOT EPS optimisation.
1
Introduction
As part of the SID objectives it is included: 

ii)
Analysis on the co-existence with existing related functionality (e.g. CIOT EPS User Plane Optimisation) will be provided.

In TR 23.723 clause 4 it was further captured: 

Transition between User plane CIOT EPS optimisation and a new sub-state of the ECM-CONNECTED state for a UE shall be supported

This paper is aiming to handle how co-existence between Light RRC Connection and User Plane CIOT EPS optimisation would work.
2
Background of UP CIOT EPS optimisation

User Plane CIOT EPS Optimisation is an optional functionality in the UE and network that can be applied when the following preconditions are met:

- UE and MME support User Plane CIOT EPS Optimisation as defined in clause 4.3.5.10,

- MME indicates "UE User Plane CIoT Support Indicator" IE to "supported" as defined in TS 36.413,

- and the UE AS context is established with an eNB also supporting User Plane CIoT EPS Optimization..
Then the RRC connection can be suspended by means of a Connection Suspend Procedure (see clause 5.3.4A of TS 23.401).
By using the Connection Suspend procedure,
-
the UE at transition into ECM-IDLE stores the AS context;

-
the eNodeB stores the AS context, the S1AP association and the bearer context for that UE;

-
MME stores the S1AP association and the bearer context for that UE and enters ECM-IDLE.

When the UE has MO data or signalling to send or is paged from CN, theUE initiates the Connection Resume procedure, see clause 5.3.5A if TS 23.401:

· the UE resumes the connection with the network using the AS context stored during the Connection Suspend procedure;
· the, potentially new, eNodeB notifies the MME that the connection with the UE has been securely resumed and the MME enters ECM-CONNECTED

Observation 1: When the eNB performs Connection Suspend Procedure (defined in 5.3.4A of TS 23.401) for User Plane CIOT EPS Optimisation the UE enters ECM-IDLE.

Observation 2: When the eNB performs Connection Suspend Procedure (defined in 5.3.4A of TS 23.401) all S1-U bearers of the UE are released.

3
 Background of Light RRC Connection

On the other hand, Light RRC Connection as defined in R2-1702349 [1] is a sub-state of RRC_CONNECTED and as discussed in clause 4 of TR 23.723 the UE is in ECM-CONNECTED state when in Light RRC Connection. 

Observation 3: Light RRC Connection is a sub-state of RRC_CONNECTED and the UE is in ECM-CONNECTED state when in Light RRC Connection.

As defined in [3] if the UE supports light connection then the UE signals an indicator of "light connection supported" in the UE network capability IE of the ATTACH REQUEST message to MME.
As proposed also in S2-171924 [2] in order to resolve a variety of issues, some form of Assistance Information containing at least the IMS mod.X, S-TMSI, TA-list will be passed from MME to eNB in the S1-AP Initial Context Setup, UE Context Modification and/or Handover Request message. The inclusion of "Light RRC Connection Assistance Information" indicator can be decided based in the UE’s network capability of support/no support for Light RRC Connection in NAS.
Observation 4: The inclusion of "Light RRC Connection Assistance Information" indicator in S1-AP can be decided based on the UE’s network capability of support/no support for Light RRC Connection in NAS.

3. 
Co-existence between User Plane CIOT EPS Optimisation and Light RRC Connection
3.1
Applicability of “coexistence”.

"Co-existence" of User Plane CIoT EPS Optimization and Light RRC Connection applies when both the UE and network support both User Plane CIOT EPS optimisation and Light RRC Connection in both RAN and CN. Obviously if either the UE or the network support one of the two there this no "co-existence".
Based on what is defined in clauses 1 and 2 of this document, a UE that supports both User Plane CIOT Optimisation and Light RRC Connection may signal  "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour (as defined in clause 4.3.5.10 of TS 23.401) and/or the support for "Light Connection Supported" UE Network Capability IE as defined in [3].
3.2
Coexistence in the MME

When the MME receives from the UE both an indication of "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour (as defined in clause 4.3.5.10 of TS 23.401) and the support for "Light Connection Supported" UE Network Capability IE as defined in [3], then the MME can choose based on local policy whether to:

1. Send both the "UE User Plane CIoT Support Indicator" IE to "supported" as defined in TS 36.413 and "Light RRC Connection Assistance" in S1 signalling. In this case, “coexistence” at RAN as defined in 3.3 applies.

2.
Send only the "UE User Plane CIoT Support Indicator" IE to "supported" in S1 signalling. In this case, the RAN may use UP EPS CIoT optimization as usual, no “coexistence” applies in the RAN.
3.
Send only the "Light RRC Connection Assistance" in S1 signalling. In this case, the RAN decides whether and when to use Light RRC connection, no “coexistence” applies in the RAN.
4. Send none of the two (i.e. neither "UE User Plane CIoT Support Indicator" nor "Light RRC Connection Assistance" IEs)
In case of 1, the MME follows the RAN decision as defined in 3.3: 

1.
If the MME receives an S1-AP Connection Suspend procedure, it enters ECM-IDLE mode, and follows regular idle mode procedures, e.g. CN paging, etc.
2.
While the UE is in ECM-CONNECTED, the MME follows ECM-CONNECTED procedures, with the adjustments for a possible use of Light RRC Connection, as proposed in this study. 

3.3
Coexistence in the RAN

If the MME chooses to send both "UE User Plane CIoT Support Indicator" IE set to "supported" and "Light RRC Connection Assistance" in S1-AP Initial Context Setup, it is up to E-UTRAN to choose which mechanism to use. 

The choices in E-UTRAN when the UE is in ECM-CONNECTED e.g. upon expiry of the inactivity timer are as follows: 

1) Use User Plane CIoT EPS optimization by performing Connection Suspend Procedure as defined in clause 5.3.4A of TS 23.401, suspending S1-AP and storing the UE AS context. 
2) Use Light RRC Connection, in which case E-UTRAN maintains S1-U/S1-C active for the UE and performs signalling to send the UE to Light RRC Connection as defined RAN CRs (e.g. [1] and [4]). The UE in this case stays in ECM-CONNECTED and RAN paging (primarily) is used to reach the UE. The UE follows procedures for Light RRC Connection e.g. for intra/inter-RAT mobility etc.
3) Release the RRC and S1 connections, in which case the UE goes to RRC_IDLE and ECM_IDLE and follows normal idle mode procedures defined in TS 23.401. The UE will be paged from CN and perform Service request for MO traffic and to respond to paging.

The choice between 1, 2 and 3 as mentioned above can be local policy but also even influenced by CN Assistance information is provided as defined clause 4.3.21.3 of TS 23.401 or UE history information collected locally in RAN e.g. mobility pattern of the UE. 
In addition E-UTRAN can choose to "transition" between these choices e.g. start with 2) and then transition to 1 or 3 if the conditions change e.g. mobility pattern of the UE etc. 
3.4 Coexistence in the UE

Based on what is defined in clauses 1 and 2 of this document, a UE that supports both User Plane CIOT Optimisation and Light RRC Connection may signal, based on its needs, "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour (as defined in clause 4.3.5.10 of TS 23.401) and/or the support for "Light Connection Supported" UE Network Capability IE as defined in [3].

If the UE includes both "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour and the support for "Light Connection Supported" UE Network Capability IE, then when the UE is in ECM-CONNECTED, the UE shall be ready to handle the following scenarios:

1. 
If the UE receives RRC suspend request from the eNB, then the UE enters ECM-IDLE and follows regular UP EPS CIoT optimization behaviour.

2.
If the UE receives an indication to move to Light RRC connection from the eNB, the UE stays in ECM-CONNECTED with Light RRC connection, and follows regular behaviour for Light RRC connection. 
3. If the UE receives an "RRC release", the UE enters ECM-IDLE and follows "normal" IDLE mode procedures
NOTE: If RRC suspend procedure is reused for Light RRC connection, there shall be an indication that the suspend procedure is for Light RRC connection, to differentiate between Light RRC connection and UP optimization, this is in the realm of RAN2.
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5. Proposal

It is proposed to capture the following text in TR 23.723

>>>>>Start Changes<<<<<
6.x
Solution #x: Co-existence with User Plane CIOT EPS Optimisation

Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.x.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

6.x.1.1
Applicability of “coexistence”.

"Co-existence" of User Plane CIoT EPS Optimization and Light RRC Connection applies when both the UE and network support both User Plane CIOT EPS optimisation and Light RRC Connection in both RAN and CN. Obviously if either the UE or the network support one of the two there this no "co-existence".

A UE that supports both User Plane CIOT Optimisation and Light RRC Connection may signal "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour (as defined in clause 4.3.5.10 of TS 23.401) and/or the support for "Light Connection Supported" UE Network Capability IE as defined in [A.6].

6.x.1.2
Coexistence in the MME

When the MME receives from the UE both an indication of "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour (as defined in clause 4.3.5.10 of TS 23.401) and the support for "Light Connection Supported" UE Network Capability IE as defined in [A.6], then the MME can choose based on local policy whether to:

1. Send both the "UE User Plane CIoT Support Indicator" IE to "supported" as defined in TS 36.413 and "Light RRC Connection Assistance" in S1 signalling. In this case, “coexistence” at RAN as defined in 6.x.1.3 applies.

2.
Send only the "UE User Plane CIoT Support Indicator" IE to "supported" in S1 signalling. In this case, the RAN may use UP EPS CIoT optimization as usual, no “coexistence” applies in the RAN.

3.
Send only the "Light RRC Connection Assistance" in S1 signalling. In this case, the RAN decides whether and when to use Light RRC connection, no “coexistence” applies in the RAN.
4. Send none of the two (i.e. neither "UE User Plane CIoT Support Indicator" nor "Light RRC Connection Assistance" IEs)
In case of 1, the MME follows the RAN decision as defined in 6.x.1.3: 

1.
If the MME receives an S1-AP Connection Suspend procedure, it enters ECM-IDLE mode, and follows regular idle mode procedures, e.g. CN paging, etc.

2.
While the UE is in ECM-CONNECTED, the MME follows ECM-CONNECTED procedures, with the adjustments for a possible use of Light RRC Connection, as proposed in this study. 

6.x.1.3
Coexistence in the RAN

If the MME chooses to send both "UE User Plane CIoT Support Indicator" IE set to "supported" and "Light RRC Connection Assistance" in S1-AP Initial Context Setup, it is up to E-UTRAN to choose which mechanism to use. 

The choices in E-UTRAN when the UE is in ECM-CONNECTED e.g. upon expiry of the inactivity timer are as follows: 

1. Use User Plane CIoT EPS optimization by performing Connection Suspend Procedure as defined in clause 5.3.4A of TS 23.401, suspending S1-AP and storing the UE AS context. 

2. Use Light RRC Connection, in which case E-UTRAN maintains S1-U/S1-C active for the UE and performs signalling to send the UE to Light RRC Connection as defined RAN CRs (e.g. [A.5] and [A.2]). The UE in this case stays in ECM-CONNECTED and RAN paging (primarily) is used to reach the UE. The UE follows procedures for Light RRC Connection e.g. for intra/inter-RAT mobility etc.

3. Release the RRC and S1 connections, in which case the UE goes to RRC_IDLE and ECM_IDLE and follows normal idle mode procedures defined in TS 23.401 [3]. The UE will be paged from CN and perform Service request for MO traffic and to respond to paging.

The choice between 1, 2 and 3 as mentioned above can be local policy but also even influenced by CN Assistance information is provided as defined clause 4.3.21.3 of TS 23.401 [3] or UE history information collected locally in RAN e.g. mobility pattern of the UE. Furthermore transition may happen from RRC_CONNECTED to Light RRC Connected, at one instance and from RRC_CONNECTED to RRC_IDLE or RRC_IDLE with AS context stored in eNB. There is no transition from Light RRC Connected to RRC_IDLE with AS context stored in eNB.

6.x.1.4 
Coexistence in the UE

Based on what is defined in clauses 1 and 2 of this document, a UE that supports both User Plane CIOT Optimisation and Light RRC Connection may signal, based on its needs, "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour (as defined in clause 4.3.5.10 of TS 23.401 [3]) and/or the support for "Light Connection Supported" UE Network Capability IE as defined in [A.6].

If the UE includes both "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour and the support for "Light Connection Supported" UE Network Capability IE, then when the UE is in ECM-CONNECTED, the UE shall be ready to handle the following scenarios:

1. 
If the UE receives RRC suspend request from the eNB, then the UE enters ECM-IDLE and follows regular UP EPS CIoT optimization behaviour.

2.
If the UE receives an indication to move to Light RRC connection from the eNB, the UE stays in ECM-CONNECTED with Light RRC connection, and follows regular behaviour for Light RRC connection. 

NOTE: If RRC suspend procedure is reused for Light RRC connection, there shall be an indication that the suspend procedure is for Light RRC connection, to differentiate between Light RRC connection and UP optimization, this is in the realm of RAN2.
3. If the UE receives an "RRC release", the UE enters ECM-IDLE and follows "normal" IDLE mode procedures
6.x.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

MME: As in clause 6.x.1.2.

E-UTRAN: As in clause 6.x.1.3.

UE: As in clause 6.x.1.4.

6.x.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
No protocol impacts are introduced from this solution. Coexistence between User Plane CIOT EPS Optmisation and Light RRC Connection is internal logic in UE, E-UTRAN and MME. This solution does not support any transition from Light RRC Connected to RRC_IDLE with AS context stored in eNB.
In the overall study conclusion, it is to be determined whether MME always makes the final decision or whether it can delegate the decision to RAN.
>>>>>End of Changes<<<<<
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