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Introduction

The WID of further NB-IoT enhancements was approved in RAN#75 [1] and reviewed in RAN#76 [2].In which, the following objection is included:

A-6. UE differentiation
Determine what, if any, additional UE-specific information is considered beneficial in the UE Information Transfer procedure for NB-IoT [RAN2, RAN3]. SA2 input should be taken into consideration.
In this paper, we will further discuss this issue and potential solutions.

Discussion

In current specification, the QoS information are provided from MME to eNodeB with the IE E-RAB Level QoS Parameters in the S1 following message:

E-RAB SETUP REQUEST

E-RAB MODIFY REQUEST

INITIAL CONTEXT SETUP REQUEST

UE INFORMATION TRANSFER

HANDOVER REQUEST

This is not enough in the following aspects:

For UP resume procedure, eNodeB cannot obtain the QoS information in the RRC resume procedure. During RRC resume procedure, if the UE QoS information is different from the last information before resume, E-RAB MODIFY procedure must be triggered to update the QoS parameters later after resume procedure, which will lead delay and extra S1 signalling. If the QoS information is optional to be included in UE CONTEXT RESUME RESPONSE or PATH SWITCH REQUEST ACKNOWLEDGE, the QoS information can be carried during RRC resume procedure, no extra signalling will be needed when the QoS information changed during UP resume. 

Furthermore, the last QoS information before resume may not be stored in MME which depends on implementation behavior in MME side, and the MME may not know whether the QoS information has changed or not. Therefore, if the QoS information are also included in UE CONTEXT RESUME REQUEST or PATH SWITCH REQUEST message, the MME can decide whether to send the updated QoS information to eNB in the corresponding response message.

Proposal 1: If the QoS information of one or several resumed E-RAB has updated during UP Resume, there has benefit to include QoS information during S1 Resume procedure.

For this proposal, TS 36.413[3] will be updated as follows (without ASN.1 update):

	8.3.8
UE Context Resume

8.3.8.1
General

The purpose of the UE Context Resume procedure is to indicate to the MME that the UE has resumed the suspended RRC connection and to request the MME to resume the UE context, UE-associated logical S1-connection and the related bearer contexts in the EPC.
8.3.8.2
Successful Operation
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Figure 8.3.8.2-1: UE Context Resume procedure. Successful operation.

The eNB initiates the procedure by sending the UE CONTEXT RESUME REQUEST message to the MME. If the eNB is not able to admit all suspended E-RABs the eNB shall indicate this in the E-RABs Failed To Resume List IE.
The eNB, if supported, shall report to the MME, in the UE CONTEXT RESUME REQUEST message, the E-RAB Level QoS Parameters for all the E-RABs to be resumed.
Upon receipt of the UE CONTEXT RESUME REQUEST message the MME shall act as defined in TS 23.401 [11] and respond with the UE CONTEXT RESUME RESPONSE. If the MME is not able to admit all suspended E-RABs the MME shall indicate this in the E-RABs Failed To Resume List IE.

The eNB shall release resources for each E-RAB failed to resume and shall assume that the EPC has released respective resources as well.

If the Security Context IE is included in the UE CONTEXT RESUME RESPONSE message, the eNB shall store the received Security Context IE in the UE context and the eNB shall use it for the next suspend/resume or X2 handover or Intra eNB handovers as specified in TS 33.401 [15].
If the E-RAB Resumed List IE is included in the UE CONTEXT RESUME RESPONSE message, the eNB shall modify one or several E-RABs of the existing E-RAB configuration.
8.4.4
Path Switch Request

8.4.4.1
General

The purpose of the Path Switch Request procedure is to request the switch of a downlink GTP tunnel towards a new GTP tunnel endpoint.

8.4.4.2
Successful Operation
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Figure 8.4.4.2-1: Path switch request: successful operation

The eNB initiates the procedure by sending the PATH SWITCH REQUEST message to the MME.

If the ‎E-RAB To Be Switched in Downlink List IE in the PATH SWITCH REQUEST message does not include all E-RABs previously included in the UE Context, the MME shall consider the non included E-RABs as implicitly released by the eNB.

When the eNB has received from the radio interface the RRC Resume Cause IE, it shall include it in the PATH SWITCH REQUEST message.
The eNB, if supported, shall report to the MME, in the PATH SWITCH REQUEST message, the E-RAB Level QoS Parameters for all the E-RABs to be resumed.
For each E-RAB that shall be modified and for which the Transport Information IE is not included and based on the new E-RAB level QoS parameters IE the eNB shall modify the Data Radio Bearer configuration and change allocation of resources on Uu according to the new resource request.
After all necessary updates including the UP path switch have been successfully completed in the EPC for at least one of the E-RABs included in the PATH SWITCH REQUEST E-RAB To Be Switched in Downlink List IE, the MME shall send the PATH SWITCH REQUEST ACKNOWLEDGE message to the eNB and the procedure ends. The UE-associated logical S1-connection shall be established at reception of the PATH SWITCH REQUEST ACKNOWLEDGE message.
In case the EPC failed to perform the UP path switch for at least one, but not all, of the E-RABs included in the PATH SWITCH REQUEST E-RAB To Be Switched in Downlink List IE, the MME shall include the E-RABs it failed to perform UP path switch in the PATH SWITCH REQUEST ACKNOWLEDGE E-RAB To Be Released List IE. In this case, the eNB shall release the corresponding data radio bearers, and the eNB shall regard the E-RABs indicated in the E-RAB To Be Released List IE as being fully released.

If the CSG Id IE and no Cell Access Mode IE are received in the PATH SWITCH REQUEST message, the MME shall use it in the core network as specified in TS 23.401 [11]. If the CSG Id IE and the Cell Access Mode IE set to “hybrid” are received in the PATH SWITCH REQUEST message, the MME shall decide the membership status of the UE and use it in the core network as specified in TS 23.401 [11]. If no CSG Id IE and no Cell Access Mode IE are received in the PATH SWITCH REQUEST message and the UE was previously either in a CSG cell or in a hybrid cell, the MME shall consider that the UE has moved into a cell that is neither a CSG cell nor a hybrid cell and use this as specified in TS 23.401 [11].

If the GUMMEI of the MME currently serving the UE is available at the eNB (see TS 36.300 [14]) the eNB shall include the Source MME GUMMEI IE within the PATH SWITCH REQUEST message.

Upon reception of the PATH SWITCH REQUEST ACKNOWLEDGE message the eNB shall store the received Security Context IE in the UE context and the eNB shall use it for the next X2 handover or Intra eNB handovers as specified in TS 33.401 [15].

The PATH SWITCH REQUEST ACKNOWLEDGE message may contain

-
the UE Aggregate Maximum Bit Rate IE.

-
the MME UE S1AP ID 2 IE, which indicates the MME UE S1AP ID assigned by the MME.

If the UE Aggregate Maximum Bit Rate IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message the eNB shall
-
replace the previously provided UE Aggregate Maximum Bit Rate by the received UE Aggregate Maximum Bit Rate in the UE context; the eNB shall use the received UE Aggregate Maximum Bit Rate for non-GBR Bearers for the concerned UE. 
If the UE Aggregate Maximum Bit Rate IE is not contained in the PATH SWITCH REQUEST ACKNOWLEDGE message, the eNB shall use the previously provided UE Aggregate Maximum Bit Rate which is stored in the UE context.
If the E-RAB Level QoS Parameters IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the eNB shall modify one or several E-RABs of the existing E-RAB configuration.
In case the EPC decides to change the uplink termination point of the tunnels, it may include the E-RAB To Be Switched in Uplink List IE in the PATH SWITCH REQUEST ACKNOWLEDGE message to specify a new uplink transport layer address and uplink GTP-TEID for each respective E-RAB for which it wants to change the uplink tunnel termination point. 

When the eNB receives the PATH SWITCH REQUEST ACKNOWLEDGE message and if this message includes the E-RAB To Be Switched in Uplink List IE, the eNB shall start delivering the uplink packets of the concerned E-RABs to the new uplink tunnel endpoints as indicated in the message.

When the eNB receives the PATH SWITCH REQUEST ACKNOWLEDGE message including the CSG Membership Status IE, and if the cell that serves the UE is a hybrid cell, the eNB shall use it as defined in TS 36.300 [14].

If the MME UE S1AP ID 2 IE is contained in the PATH SWITCH REQUEST ACKNOWLEDGE message, the eNB shall store this information in the UE context and use it for subsequent X2 handovers.

If the Tunnel Information for BBF IE is received in the PATH SWITCH REQUEST message, the MME shall, if supported, use it in the core network as specified in TS 23.139 [37].

If the LHN ID IE is included in the PATH SWITCH REQUEST message, the MME shall, if supported, use it as specified in TS 23.401 [11].

If the ProSe Authorized IE is contained in the PATH SWITCH REQUEST ACKNOWLEDGE message, the eNB shall, if supported, update its ProSe authorization information for the UE accordingly. If the ProSe Authorized IE includes one or more IEs set to “not authorized”, the eNB shall, if supported, initiate actions to ensure that the UE is no longer accessing the relevant ProSe service(s).

If the UE User Plane CIoT Support Indicator IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message and is set to "supported", the eNB shall, if supported, consider that User Plane CIoT EPS Optimisation as specified in TS 23.401[11] is supported for the UE.

If the V2X Services Authorized IE is contained in the PATH SWITCH REQUEST ACKNOWLEDGE message, the eNB shall, if supported, update its V2X services authorization information for the UE accordingly. If the V2X Services Authorized IE includes one or more IEs set to “not authorized”, the eNB shall, if supported, initiate actions to ensure that the UE is no longer accessing the relevant service(s).

If the UE Sidelink Aggregate Maximum Bit Rate IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the eNB shall, if supported:

-
replace the previously provided UE Sidelink Aggregate Maximum Bit Rate, if available in the UE context, with the received value;
-
use the received value for the concerned UE’s sidelink communication in network scheduled mode for V2X services.

If the Enhanced Coverage Restricted IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the eNB shall store this information in the UE context and use it as defined in TS 23.401 [11].
9.1.4.17
UE CONTEXT RESUME REQUEST

This message is sent by the eNB to request the MME to indicate that the suspended RRC connection has been resumed.
Direction: eNB ( MME
IE/Group Name

Presence

Range

IE type and reference

Semantics description

Criticality

Assigned Criticality
Message Type

M

9.2.1.1

YES

reject

MME UE S1AP ID
M
9.2.3.3
YES

reject

eNB UE S1AP ID

M

9.2.3.4

YES

reject

E-RAB Failed To Resume List

0..1
YES

reject

>E-RAB Failed To Resume Item IEs
1 .. <maxnoofE-RABs>
EACH

reject

>>E-RAB ID

M
9.2.1.2

-

>>Cause

M

9.2.1.3

-

RRC Resume Cause
O
RRC Establishment Cause

9.2.1.3a
YES
ignore
E-RAB To Resume List
0…1
YES
reject
>E-RAB To Resume Item IEs
1 .. <maxnoofE-RABs>
EACH
reject
>>E-RAB ID
M
9.2.1.2
-
>>E-RAB Level QoS Parameters 
O
9.2.1.15
-
Range bound

Explanation

maxnoofE-RABs

Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 

9.1.4.18
UE CONTEXT RESUME RESPONSE

This message is sent by the MME to indicate to the eNB that the UE context and the related bearer contexts have been resumed in the EPC.
Direction: MME ( eNB
IE/Group Name

Presence

Range

IE type and reference

Semantics description

Criticality

Assigned Criticality
Message Type

M

9.2.1.1

YES

reject

MME UE S1AP ID
M
9.2.3.3
YES

ignore

eNB UE S1AP ID

M

9.2.3.4

YES

ignore

E-RAB Failed To Resume List

0..1
YES

reject

>E-RAB Failed To Resume Item IEs
1 .. <maxnoofE-RABs>
EACH

reject

>>E-RAB ID

M
9.2.1.2

-

>>Cause

M

9.2.1.3

-

Criticality Diagnostics
O
9.2.1.21

YES

ignore

Security Context

O

9.2.1.26

YES

reject

E-RAB Resumed List
0…1
YES
reject
>E-RAB Resumed Item IEs
1 .. <maxnoofE-RABs>
EACH
reject
>>E-RAB ID
M
9.2.1.2
-
>>E-RAB Level QoS Parameters 
O
9.2.1.15
-
9.1.5.8
PATH SWITCH REQUEST

This message is sent by the eNB to request the MME to switch DL GTP tunnel termination point(s) from one end-point to another.

Direction: eNB ( MME.

IE/Group Name

Presence

Range

IE type and reference

Semantics description

Criticality
Assigned Criticality
Message Type

M

9.2.1.1

YES

reject

eNB UE S1AP ID
M

9.2.3.4

YES

reject

E-RAB To Be Switched in Downlink List

1

YES

reject

>E-RABs Switched in Downlink Item IEs
1 .. <maxnoofE-RABs>

EACH

reject

>>E-RAB ID 

M

9.2.1.2

-

>>E-RAB Level QoS Parameters 

O

9.2.1.15

-
>>Transport Layer address

M

9.2.2.1

-

>>GTP-TEID
M

9.2.2.2

To deliver DL PDUs.

-

Source MME UE S1AP ID

M

9.2.3.3

YES

reject

E-UTRAN CGI

M

9.2.1.38

YES

ignore

TAI
M

9.2.3.16

YES

ignore

UE Security Capabilities

M

9.2.1.40

YES

ignore

CSG Id
O
9.2.1.62
YES
ignore

Cell Access Mode
O
9.2.1.74
YES
ignore

Source MME GUMMEI

O

9.2.3.9

YES

ignore

CSG Membership Status

O

9.2.1.73

YES

ignore

Tunnel Information for BBF

O

Tunnel Information 9.2.2.3

Indicating HeNB’s Local IP Address assigned by the broadband access provider, UDP port Number.

YES

ignore

LHN ID

O

9.2.1.92

YES

ignore

RRC Resume Cause

O

RRC Establishment Cause

9.2.1.3a

YES

ignore
9.1.5.9
PATH SWITCH REQUEST ACKNOWLEDGE

This message is sent by the MME to inform the eNB that the path switch has been successfully completed in the EPC.

Direction: MME ( eNB.

IE/Group Name

Presence

Range

IE type and reference

Semantics description

Criticality
Assigned Criticality
Message Type

M

9.2.1.1

YES

reject

MME UE S1AP ID
M

9.2.3.3

YES

ignore
eNB UE S1AP ID
M

9.2.3.4

YES

ignore
UE Aggregate Maximum Bit Rate

O

9.2.1.20

YES

ignore
E-RAB To Be Switched in Uplink List
0..1
YES

ignore

>E-RABs Switched in Uplink Item IEs

1 .. <maxnoofE-RABs>

EACH

ignore

>>E-RAB ID
M

9.2.1.2
-

>>E-RAB Level QoS Parameters 

O

9.2.1.15

-

>>Transport Layer Address

M

9.2.2.1

-

>>GTP-TEID

M

9.2.2.2

-

E-RAB To Be Released List
O

E-RAB List 

9.2.1.36
A value for E-RAB ID shall only be present once in E-RAB To Be Switched in Uplink List IE and E-RAB to Be Released List IE.
YES

ignore

Security Context

M

9.2.1.26

One pair of {NCC, NH} is provided.

YES

reject

Criticality Diagnostics

O

9.2.1.21

YES

ignore

MME UE S1AP ID 2

O

9.2.3.3

This IE indicates the MME UE S1AP ID assigned by the MME.

YES

ignore

CSG Membership Status

O

9.2.1.73

YES

ignore

ProSe Authorized

O

9.2.1.99

YES

ignore

UE User Plane CIoT Support Indicator

O

9.2.1.113

YES

ignore

V2X Services Authorized

O

9.2.1.120

YES

ignore

UE Sidelink Aggregate Maximum Bit Rate
O
9.2.1.122
This IE applies only if the UE is authorized for V2X services.
YES
ignore
Enhanced Coverage Restricted
O
9.2.1.123
YES
ignore



Conclusion

Based on the analysis in this paper, we have the following proposal:

Proposal 1: If the QoS information of one or several resumed E-RAB has updated during UP Resume, there has benefit to include QoS information during S1 Resume procedure.
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