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Abstract of the contribution: Introduces a new solution for targeted service request.

Introduction

The purpose of the service request procedure is to transfer the EMM mode from EMM-IDLE to EMM-CONNECTED mode and establish the radio and S1 bearers when uplink user data or signalling is to be sent. Another purpose of this procedure is to invoke MO/MT CS fallback or 1xCS fallback procedures. The service request procedure is an all-or-nothing proposition when it comes to establishment of associated S1 bearers. Currently, it doesn’t allow selective establishment of S1 bearers. However, since Service Request can no longer be extended, Extended Service Request procedure was introduced instead. This proposal changes the behaviour of ESR to provide a means to perform selective establishment of bearers.
This solution introduces the notion of Targeted Service Request procedure. This solution

· Builds on top of the features from the following solutions defined in TR23.887:

· (from clause 5.1.1.3.6) Subscription-based indication for enabling small data for a given user 

· Although not explicitly mentioned, can also be combined w/ salient features from existing solutions defined in TR23.887:

·  (from clause 5.1.1.3.7) Service Request signalling reduction by RRC message combing
· (from clause 5.1.1.3.9) Re-using AS security context for Service Request
Justification for the approach

The concept of targeted service request is not a new one. In 2G/3G selective RAB activation is already allowed. Albeit the reasons for not carrying this principle forward into LTE/EPC are unknown to the authors of this paper, there are certain merits to the approach (especially with the use-case of small data transmission) which do warrant revisiting the decision.
In following this approach in and of itself, the following savings can be realized:
· Resources: Selective activation of bearers allows memory resource savings on UE (esp for uplink APN-AMBR enforcement), eNB and SGW wherein today a SERVICE REQUEST brings up all PDN connections / bearers associated for that UE’s attachment lifetime. 
· Signalling: Core Network signalling on S11 (when Modify Access Bearer Request isn’t employed)
Identification of “small data” capable bearers

When it comes to allowing small data on a particular EPS bearer, depending on their deployment needs, operators may choose to

· reserve an APN used exclusively OR 

· use dedicated bearer within a specific PDN connection OR

· use either default or dedicated bearer for a PDN connection for normal data transfer and also
for the purpose of transferring small data.
In either case, following two mechanisms are needed:

· Support for use of ‘small data’ capability between UE, MME, and SGW

· identification of whether a particular dedicated bearer or PDN connection is “small data” capable between UE and MME
MME is the entity which finally decides, based on the following information, to mark a particular PDN connection or bearer as “small data” enabled, and subsequently allow selective activation of such EPS bearer(s):

· (from clause 5.1.1.3.3.6) subscription permission in HSS e.g. “small data allowed” on a per-IMSI basis

· (from clause 5.1.1.3.3.6) local configuration in MME (serving PLMN policy and per bearer enabling/disabling)

· (not proposed in any solution so far) Subscription permission in HSS e.g “small data allowed” on a  per-APN basis in addition to per-IMSI basis
Editor’s Note: PCC-based ‘small data’ enabling for dedicated bearers may  be considered as well.

In addition, the solution accounts for the cases where UE may know (how: is outside the scope of 3GPP specifications) that it may need a non-small data capable bearer only for a short time. In such case, depending on operator policy, the MME may grant selective activation of such requested EPS bearer(s).
Change of Subscription permission for small data:

In case of a change in subscription permission with respect to small data e.g. when a permission for 
“small data allowed” allowed APN for a given IMSI is revoked, HSS executes 23.401 clause 5.4.2.2 by indicating the changed permission(s).

Targeted Service Request

Within the core network, each EPS bearer is uniquely identified by an EPS Bearer Identity (EBI). In case a PDN connection has dedicated bearers, in ESM signalling, UE indicates EBI along with a Linked EPS Bearer Identity (LBI) pointing to the default bearer. Although logically termed as LBI, it is in fact semantically speaking an EBI. Since MME maintains EMM context through the lifetime of UE’s attachment, MME is in the position to, based on a received EBI, look up an associated LBI.
During ATTACH/TAU:

For a given user’s attachment to the network, “Small Data” support is considered enabled for bearer(s) if UE, MME and SGW agree to this capability.

Similar to the principle of capability negotiation for SRVCC etc, at the time of ATTACH or TAU, UE indicates in ATTACH or TAU REQUEST, in UE NETWORK CAPABILITY IE “small data support”. If MME supports this feature, then it includes “small data” support IE in CREATE SESSION REQUEST (for ATTACH and TAU w/ SGW change) OR MODIFY BEARER REQUEST (for TAU w/o SGW change) case. If SGW supports this capability, it responds w/ “small data” support IE in CREATE SESSION RESPONSE OR MODIFY BEARER RESPONSE. If both MME and SGW supports this feature as well, then in the ATTACH or TAU ACCEPT, MME indicates to the UE which PDN connection(s) are small data enabled for the duration of this attachment.
At this point, the use of Targeted Service Request procedure is considered allowed.
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Figure 1 Initial ATTACH
1.
When the UE performs ATTACH REQUEST with the network, if it is capable of sending and receiving small data packets, then it indicates support for this capability via “small data support” in UE NETWORK CAPABILITY IE.

2.
The eNB forwards the ATTACH REQUEST in INITIAL UE MESSAGE.
3.
MME sends UPDATE LOCATION REQUEST with HSS.

4.
If subscription data indicates support for small data for this IMSI for default APN (via APN-Configuration AVP), then HSS responds with UPDATE LOCATION RESPONSE (APN-Configuration (small data allowed)). If subscription data indicates support for small data for this IMSI and particular APN(s), then HSS responds with UPDATE LOCATION RESPONSE (n * APN-Configuration (small data allowed)).

5.
If HSS response indicates small data enabled for APN(s), and the MME supports ‘small data’ capability then MME sends “small data support” IE in CREATE SESSION REQUEST to SGW.

6.
SGW proceeds w/ PDN establishment per existing 23.401 procedures. If SGW supports ‘small data’ capability then it sends CREATE SESSION RESPONSE with “small data support” IE.

7.
At this point, MME has sufficient information to enable per-EBI support for small data. It indicates this to UE in ATTACH ACCEPT (ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST (small data enabled))
Bearer Status:

Since the Targeted Service Request procedure hinges on the notion of establishing only a selected EPS bearer(s) namely via DRBs, S1-U, and corresponding GTP-U path to PGW, a means to distinguish such bearers from other non-established but  previously granted bearers becomes necessary. To that effect, when UE uses Targeted Service Request procedure, EBIs other than the one for which bearer activation was requested, will remain as inactive in UE, MME, and SGW. This involves enhancing the EPS Bearer Contexts in UE, MME (stored as MM Context), and SGW (stored as EPS Bearer Context) to indicate its status (ACTIVE or INACTIVE).
· ACTIVE: Implies referred EBI is usable for user data transmission.

· INACTIVE: Implies referred EBI requires either Service Request or Targeted Service Request procedure prior to it being useable

Another reason for enhancing the EPS Bearer Context in MME is that during mobility procedures (IDLE mode via Context Transfer Request procedure or CONNECTED mode via Forward Relocation Request procedure) MME can notify the peer MME/SGSN about the state of each EBI to allow appropriate handling of future Service Request or Targeted Service Request procedures from UE.

MO Case:

The figure below describes the case where an ECM-IDLE UE needs to only send small data packet.
NOTE 0: If UE only has a single default PDN connection, then it for the MO case, it may choose to employ normal service request procedure or targeted service request procedure. The outcome will be the same in such cases.
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Figure 2 MO- small data
1.
When an IDLE mode UE has small data to send, it is assumed that small data is associated w/ a particular bearer (default or dedicated), and that this bearer has been established apriori via normal signalling means. If the UE only needs to exchange small data, then it performs a Targeted Service Request procedure wherein  it includes the EBI of bearer(s) which is to be used to carry the small data i.e. EXTENDED SERVICE REQUEST (EBI1, EBI2… ). 

NOTE 1: To cover the case that UE may have multiple PDN connections it uses to send different types        of small data traffic, sending of multiple EBI values within the EXTENDED SERVICE REQUEST is enabled.
2.
The eNB forwards EXTENDED SERVICE REQUEST (EBI1, EBI2…) to MME in INITIAL UE MESSAGE.
3.
Upon receiving this EXTENDED SERVICE REQUEST, MME can distinguish it from regular SERVICE REQUEST (without any EBIs) or EXTENDED SERVICE REQUEST for other purposes like CSFB, and take the following actions: 
· MME checks whether requested EBI(s) corresponds to ‘small data’ capable bearer as per the (E)MM context

· If so, or if operator policy allows selective establishment of non-small data capable bearers, then for each EBI received the MME performs the following actions:

· If EBI refers to default bearer of a particular PDN connection, then MME perform the activation of just the EPS bearer associated w/ that EBI by sending S1:INITIAL CONTEXT SETUP REQUEST w/ E-RAB ID corresponding to requested EBI. 
· If EBI refers to dedicated bearer of a particular PDN connection, then refer to /7/.
4.
The eNB responds with S1:INITIAL CONTEXT SETUP RESPONSE acknowledging setup of E-RAB identified in /3/

5.
The MME issues MODIFY BEARER REQUEST towards SGW w/ the identified EBI(s).
6.
The SGW sends MODIFY BEARER REQUEST to PGW, and upon receiving successful completion activates S1-U bearer(s) only for identified EBI(s) indicated by MME. In addition, it marks the identified EBI(s) as ACTIVE in its EPS Bearer Context, and marks remainder EBI(s) as INACTIVE. Then, SGW sends MODIFY BEARER RESPONSE to MME. MME marks the activated EBI(s) as ACTIVE in MM context, and remainder EBIs are marked as INACTIVE.
7.
If EBI refers to dedicated bearer of a particular PDN connection, then MME performs the activation of both the default EPS bearer associated w/ that EBI, along w/ the dedicated bearer corresponding to that EBI by sending S1:INITIAL CONTEXT SETUP REQUEST w/ E-RAB ID corresponding to requested EBIs.

8-10: Similar to /4-6/.

Upon successful completion of Targeted Service Request, both UE and MME transition the UE to ECM-CONNECTED per existing Service Request procedures, and mark the identified EBI(s) as ACTIVE in respective MM context. Normally, bearer synchronization between UE and the network occurs at the end of ESR procedure. However, in this case, UE does not deactivate EBI(s) for which it didn’t receive E-RAB(s) from eNB. It simply marks it as INACTIVE in its MM context. This way, the sanctity of ESR procedure is still maintained. Any subsequent actions on either UE or MME take EPS Bearer status (ACTIVE/INACTIVE) into account.

The figure below describes the case where UE has previously successfully executed Targeted Service Request procedure for sending MO-data, and when in ECM-CONNECTED, it has normal data which requires to be sent on any of the INACTIVE EBIs.
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Figure 3 MO regular data after successful Targeted Service Request procedure
1.
In such case, UE executes normal SERVICE REQUEST procedure (without including EBIs). 
2.
eNB puts SERVICE REQUEST into S1:UPLINK NAS TRANSPORT message.

3.
If the MME receives DOWNLINK DATA NOTIFICATION message from SGW with an EBI where small data isn’t allowed to be sent and UE is in ECM-CONNECTED mode at MME or the MME receives normal SERVICE REQUEST from the UE while UE is in ECM-CONNECTED mode, then

4.
MME sends S1:INITIAL CONTEXT SETUP REQUEST again w/ all EBIs stored in its MM context.

5.
eNB responds with S1:INITIAL CONTEXT SETUP RESPONSE by providing same S1-U tunnel endpoint identifier(s) for previously activated E-RAB(s) and new S1-U tunnel endpoint identifier(s) for new E-RAB(s) indicated in the setup request.

6.
MME activates the remainder of EBI(s) (by sending MODIFY BEARER REQUESTs for each of the remainder EBIs) towards SGW.

7.
Upon successful processing of MODIFY BEARER REQUEST(s) towards PGW, the SGW changes corresponding EBI(s) from INACTIVE to ACTIVE state in its EPS Bearer Context

8.
MME marks all EBI(s) as ACTIVE in the EMM Context
MT Case:

When PGW receives small data destined for an ECM-IDLE-mode UE in DL direction, 23.401 clause 5.3.4.3 applies.
If PGW receives small data for a UE which has transitioned to ECM-CONNECTED state via Targeted Service Request procedure, then small data is delivered to the UE via the already established user plane connections.

If PGW receives data, which isn’t small-data, destined for a UE which has transitioned to ECM-CONNECTED state, both PGW and SGW behave per 23.401 clause 5.3.4.3 steps 1-2 apply. 

NOTE 2: In such cases, SGW won’t have downlink user plane TEID for INACTIVE bearers, so step 1 in 23.401 clause 5.3.4.3 stands true. No behavioural change on SGW is required at this time.

Further behaviour is shown per figure below:

.
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Figure 4 MT data
1.
Upon receiving DDN, and if the EBI is small data enabled, then MME pages the UE with EBI(s) meaning S1:PAGING message is enhanced to include EBI(s) to page the UE with. Conceptually, this is similar to how UE is paged for EPS-services versus CSFB. When paged for S1- only service, today, UE responds with SERVICE REQUEST, but when paged for CSFB service, UE responds with EXTENDED SERVICE REQUEST. Similarly, when paged with EBI(s), UE is expected to respond with EXTENDED SERVICE REQUEST instead of regular SERVICE REQUEST.
NOTE 3: If UE only has a single default PDN connection, then MME performs normal paging request per existing 23.401 procedures.
2.
If eNodeBs receive paging messages from the MME, the UE is paged w/ EBI(s) by the eNodeBs.
Editor’s Note: If RAN2 determines that extending RRC:PAGING message w/ EBI(s) isn’t feasible, then optionally RRC:PAGING message can simply include a differentiating indicator (1-bit) to force UE to perform ESR instead of SR when Paged w/ S-TMSI/IMSI w/ CS domain indicator set to “PS”.
3.
The UE performs EXTENDED SERVICE REQUEST with paged EBI(s).
4.
eNB sends EXTENDED SERVICE REQUEST to MME via S1: INITIAL UE MESSAGE.
5.
MME is aware of the EBI(s) on which it received the DDN in. If those EBI(s) are small data enabled, then MME activates only those EBI(s) (per behaviour mentioned in MO-case). 
5-8.UE, eNB, MME, and SGW proceed to activate S1-U bearer(s) corresponding to default EBI(s) as indicated in MO-case.

9-12.UE, eNB, MME, and SGW proceed to activate S1-U bearer(s) corresponding to default and dedicated EBI(s) as indicated in MO-case.

IP-CAN Session Modification after Targeted Service Request:

PCC framework can decide to modify the characteristic of an established IP-CAN session at any time. If this occurs after a normal SERVICE REQUEST procedure, then no special handling is required i.e. behaviour per 23.401 clause 5.4.2.1 or 5.4.3 apply. 

However, if IP-CAN session modification occurs after Targeted Service Request procedure but prior to a normal Service Request procedure then

· SGW sends UPDATE BEARER REQUEST to MME

· MME applies the bearer modifications for EBI(s) in ACTIVE state, and informs eNB (via S1: ERAB MODIFY REQUEST), and UE (via MODIFY EPS BEARER CONTEXT REQUEST) 

· MME marks bearer modifications for EBI(s) in INACTIVE state as pending. The changes are applied during next full Service Request or TAU procedure
Proposal

It is proposed to add the changes below to the TR 23.887.
First Change

5.1.1.3.X
Targeted Service Request
5.1.1.3.X.1
General 

<< insert above solution details here >>
5.1.1.3.X.2
Impacts on existing nodes and functionality

Impacts to MME
-
Support new ‘small data’ capability exchange w/ UE and SGW
-
Support “small data allowed” permission on a per- IMSI or per- IMSI per APN basis
-
Support treatment of Extended Service Request w/ EBI(s)
-
Enhance MM context w/ bearer status (ACTIVE / INACTIVE) per EBI

Impacts to SGW

-
Support new ‘small data’ capability exchange w/ MME
-
Enhance EPS Bearer context w/ bearer status (ACTIVE / INACTIVE) per EBI

Impacts to EUTRAN

-
Support handling of Paging w/ EBI
Impacts to UE

-
Support new ‘small data’ capability exchange w/ MME
-
Support treatment of Extended Service Request w/ EBI(s)

-
Enhance MM context w/ bearer status (ACTIVE / INACTIVE) per EBI

-
Support handling of Paging w/ EBI
Impacts to HSS

-
Support “small data allowed” permission on a per- IMSI or per- IMSI per APN basis.

5.1.1.3.X. 3
Evaluation
Editor’s Note: The solution evaluation is work in progress.
Benefits 

Drawbacks

End of Changes
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