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Abstract

Instead of using (Primary) PDP Contexts and Secondary PDP Contexts as in the UMTS/GPRS packet domain, the Evolved Packet System (EPS), which is the packed-switched domain used for LTE, defines Packet Data Networks (PDN), Default Bearers and Dedicated Bearers, and Traffic Flow Aggregate Descriptions (TFADs) in the Non-Access-Stratum (NAS) protocol. A PDN comprises all bearers (default and dedicated) sharing e.g. the same APN and IP address. A TFAD is always based on a Bearer. Several TFADs with the same QCI may build an aggregated set of TFADs and may be mapped to the same Bearer. Contrary to the GPRS packet domain, where the decision of how to map TFADs and PDP Contexts is done in the UE, in EPS the network decides how the mapping shall be done. This means, an LTE Resource Allocation Request for a TFAD issued via NAS signalling can either return a new Dedicated Bearer or return an already existing bearer on which the requested TFAD is mapped to. For the UMTS/GPRS packet domain, the corresponding Secondary PDP Context Activate Request always returns a new PDP Context.

This technical report contains a proposal of a common AT command set for controlling the EPS as well as the UMTS/GPRS packet switched domain.

1 Introduction

1.1 Purpose/Scope

This document contains a proposal of a common AT command set for controlling the EPS as well as the GPRS packet switched domain. In particular it proposes how to use and extend the existing AT commands for the UMTS/GPRS packet switched domain to support the EPS and thus the new RAT LTE which is introduced with 3GPP Release 8.

1.2 References

	Ref. no.
	Title
	Document number

	1 3GPP TS 23.401 “GPRS Enhancements for E-UTRAN access”
	3GPP TS 23.401

	2 3GPP TS 24.008 “Mobile Radio Interface Layer 3 specification; Core Network Protocols; Stage 3”
	3GPP TS 24.008

	3 3GPP TS 24.301 “Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS) ; Core Network Protocols; Stage 3”
	3GPP TS 24.301

	4 3GPP TS 27.007 “AT command set for User Equipment (UE)”
	3GPP TS 27.007


2 Background

2.1 General Background

Today’s UMTS UEs already integrate several radio access technologies (e.g. GPRS, EDGE, WCDMA, eHSPA) in one platform. Concerning packet switched services a UMTS UE is independently of the current RAT always connected to the same packet domain, the UMTS/GPRS packet domain. Thus the UE always uses the same principles for IP bearer/connection management and allocation between the UE and the network.   

The IP bearer/connection management and allocation in the UMTS/GPRS packet domain is based on Primary PDP and Secondary PDP contexts and comprises functions for activation, deactivation and modification of them (see [‎2]). This includes the handling of TFTs and QoS profiles which are specified per (Primary/Secondary) PDP contexts. According to 3GPP TS27.007 [‎4] the IP bearer/connection management and allocation as specified for the UMTS/GPRS packet domain is also the base for the IP bearer/connection management and allocation functionality provided via the AT command interface towards an external application.

The following AT commands are specified in [‎4] for controlling the UMTS/GPRS packet domain. Note, that a CID parameter is used as a reference to a PDP Context:

· Configuration Commands:

· CGDCONT – Define PDP Context

· CGDSCONT – Define Secondary PDP Context

· CGEQREQ – Set Requested QoS

· CGEQMIN – Minimum QoS

· CGEQNEG – Read negotiated QoS

· CGTFT – Traffic Flow Template

· Operation Commands:

· CGACT – PDP Context Activate/Deactivate

· CGCMOD – PDP Context Modify

Instead of using PDP Contexts (Primary and Secondary) as in the UMTS/GPRS packet domain, the Evolved Packet System (EPS), which is the packed-switched domain used for LTE, defines Default Bearers, Dedicated Bearers and Traffic Flow Aggregate Descriptions (TFADs) in the Non-Access-Stratum (NAS) protocol. A TFAD is always based on a Bearer. Several TFADs with the same QCI may build an aggregated set of TFADs and may be mapped to the same Bearer. Contrary to the GPRS packet domain, where the decision of how to map TFADs and PDP Contexts is done in the UE, in EPS the network decides how the mapping shall be done. This means, an LTE Resource Allocation Request for a TFAD issued via NAS signalling can either return a new Dedicated Bearer or return an already existing bearer on which the requested TFAD is mapped to. For the UMTS/GPRS packet domain, the corresponding Secondary PDP Context Activate Request always returns a new PDP Context.

2.2 Current Approach in TS27.007

Currently TS 27.007 specifies the handling of AT commands for the LTE/EPS packet domain differently than for the other RATs. With this approach the TE needs to know the active RAT in order to choose the right AT commands for the wanted functionality as the handling of the same functionality is different between LTE/EPS and the other RATs. As an example in the following several use cases where the handling is different for LTE than for the other RATs are given:

· TE wants to activate a new packet switched service for an already existing PDN connection:

· In case of LTE:

· TE issues +CGETFADS for defining the packet filter aggregate for the new service

· TE issues +CGEBRMOD for defining QoS and triggering the service request (EPS Bearer Modification Request) towards the network

· In case of other RATs:

· TE issues +CGDSCONT for defining the new service (Secondary PDP context)

· TE issues +CGTFT and +CGEQREQ & +CGEQMIN for defining the packet filter aggregate and the QoS for the new service

· TE issues +CGACT for triggering the service request (Activate Secondary PDP Context Request) towards the network

· In case of dual RAT mode configuration starting in UTRAN/UMTS

· TE issues +CGDSCONT for defining the new service (Secondary PDP context)

· At this very moment an IRAT handover is requested from network and performed

· TA must or will ignore +CGDSCONT as +CGEBRMOD is defined to be used when in LTE

· TE recognizes that and issues +CGEBRMOD instead

· If another IRAT handover would be requested than the service request would have to start all over again this time with +CGDSCONT again.

· TE wants to modify QoS for an existing packet switched service:

· In case of LTE:

· TE issues +CGEBRMOD for defining new QoS and triggering the service modification procedure (EPS Bearer Modification Request) towards the network

· In case of other RATs:

· TE issues CGEQREQ (& +CGEQMIN) for defining the new QoS

· TE issues +CGCMOD for triggering the service modification (Modify PDP Context Request) towards the network

· In case of dual RAT mode configuration starting in UTRAN/UMTS

· TE issues CGEQREQ (& +CGEQMIN) for defining the new QoS

· TE issues +CGCMOD for triggering the service modification (Modify PDP Context Request) towards the network

· Again, right in this very moment an IRAT handover is request from network and performed

· TA has to or will ignore the +CGCMOD command as the +CGEBRMOD is defined to be used instead.

· TE wants to deactivate an existing packet switched service:

· In case of LTE:

· TE issues +CGEBRMOD for triggering the service deactivation (EPS Bearer Modification Request) towards the network

· In case of other RATs:

· TE issues +CGACT for triggering the service deactivation (Deactivate PDP Context Request) towards the network

· In case of dual RAT mode configuration starting in UTRAN/UMTS

· In principle, the same as above. TE must be aware of the active RAT and handle possible RAT changes.

2.3 Issues with Current Approach in TS27.007

With the current concept a TE/application, which uses packet-switched services independently of the used RAT, needs to track the current active RAT and has to choose different AT commands to request the same service depending on whether LTE or another RAT is currently active. In particular during IRAT handover situations this could be cumbersome.

The current approach also prevents that legacy applications currently using these commands, e.g. in the UMTS/GPRS packet domain, can be reused for LTE without any changes.

3 Use of current AT Command Set also for LTE/EPS

3.1 General Concept
In order to overcome the above mentioned issues with the current approach a solution for using the legacy AT commands, specified for the UMTS/GPRS packet domain, also for IP Bearer Management and Allocation in the EPS packet domain is proposed. 

In this solution the CID parameter in the packet domain AT commands is used as reference for TFADs and PDNs in LTE. A PDN consists always of one default EPS and zero or more dedicated EPS bearers. All share the same APN and IP address. 

In case the CID parameter is used as reference to a PDN for simplicity reasons the default service/connection on the default EPS bearer is addressed at the same time by this CID. The PDN, however, has in addition parameters which also belong to all bearers on this PDN like APN, IP address or aggregated maximum bit rate (AMBR).

The default service or connection mentioned above and realized through the default EPS bearer can be used for any non-specific traffic as it normally has a so called “match-all” up and down link packet filter.

Specific traffic, having packet filters and QoS describing the traffic flow, can be put onto the default EPS bearer but are addressed by a separate TFAD CID.

In summary, this means that EPS bearers are not exposed to the TE but rather PDNs and TFADs.

This concept is applicable with only minor changes to the packet domain AT commands which are listed in the following:

· Configuration Commands:

· CGDCONT – Define PDP Context

· Define PDN and default service/connection on default EPS Bearer in LTE. - An optional parameter should be added to define the IP address allocation mechanism (either NAS signalling or DHCP)

· CGDSCONT – Define Secondary PDP Context

· Define TFAD in LTE – no change in command structure

· CGEQREQ – Set Requested QoS in UMTS

· Specifies the requested QoS profile in compliance to 3GPP Release 7 – This has to be converted in the UE into a 3GPP Release 8 QoS profile for LTE in order to use it for LTE. The usage of this command is of course only useful for multi-mode UEs.

· CGEQOS – Set Requested QoS in LTE

· New command which specifies the requested QoS profile in compliance to 3GPP Release 8 

· CGEQMIN – Set Minimum QoS in UMTS

· Not used in LTE as the network either accepts the requested QoS or rejects it.

· CGEQNEG – Read negotiated QoS in UMTS

· Not used in LTE as the network either accepts the requested QoS or rejects it. For a multi-mode UE however, this command reveals the negotiated QoS for UMTS/GPRS. 

· CGTFT – Traffic Flow Template

· The TFT command should be extended to include the packet filter direction (either UL or DL or UL&DL). The same extension is expected to be required for UMTS/GPRS in future as well.

· Operation Commands:

· CGACT – PDP Context Activate/Deactivate

· CGCMOD – PDP Context Modify

In summary the following table gives an overview of the identifiers used towards the network and towards applications for the GPRS and the EPS packet domains.

	Identifiers
	GPRS packet domain
	EPS packet domain

	Towards the network
	NSAPI
(identifies PDP contexts)
	EPS bearer identity
(EPS Bearers)

	Towards TE
	CID
(identifies PDP contexts)
	CID
(identifies PDN (Default EPS Bearers) or TFADs)


Table ‎3‑1 Packet domain identifiers in EPS and GPRS packet domains

For an IRAT handover, e.g. from WCDMA to LTE or vice versa, 3GPP specifies the rule that there is a one-to-one mapping between PDP contexts and EPS bearers. PDP contexts are used for WCDMA to do the IP bearer management, and there is a one-to-one relation also between CIDs and NSAPIs. 

This has to be changed in order to handle the handover from LTE to WCDMA such, that there is a one-to-n relation between PDP contexts towards the network (identified by NSAPIs) and PDP contexts towards TE (identified by CIDs).

For instance, if in LTE there are n TFADs mapped to one EPS bearer before the handover, there in UMTS are n PDP contexts on the interface towards the TE which are mapped to one PDP context on the interface towards the network.

In the following all packet domain AT commands, which are listed above, and their handling in case LTE is the active RAT are described. Note that the interpretation of AT commands in case LTE is not the active RAT shall not change:

3.2 CGDCONT
A PDP Context defined with a specific CID with CGDCONT in LTE defines Packet Data Network connectivity towards the LTE network. As there is always one default bearer per PDN connection this default bearer is also addressed by this same CID after being activated. 

Each PDN connection has its own IP address. Further, a PDP Context defined for a specific CID with CGDCONT does not include all services on the default bearer, as it is used only as reference to the default service/connection on this Default EPS Bearer, which is normally associated with “match all” uplink and downlink packet filters. It is not used as reference to other TFADs on this Default EPS Bearer, as they are referenced by other CIDs.

An optional parameter should be added to CGDCONT to define the IP address allocation mechanism (either NAS signalling or DHCP).

3.3 CGDSCONT

A PDP Context defined for a specific CID with CGDSCONT defines a TFAD within a PDN connection, i.e. the TFAD shares the same APN and IP Protocol settings. It is not made transparent to the TE, if the TFAD will be setup on a new Dedicated Bearer, on an already existing Dedicated Bearer or on the Default Bearer. The linkage of the TFAD to the PDN connection is made by specifying the CID of the corresponding PDN or default bearer.

3.4 CGEQREQ

This command allows the TE to specify a QoS profile which is used when the UE sends a Bearer Resource Allocation/Modification Request to the network. The command specifies a profile for the TFAD identified by CID. The command itself specifies the QoS in compliance to 3GPP Release 7. Therefore in order to use the requested QoS profile for LTE the UE has to implement a conversion logic which converts the 3GPP Release 7 QoS profile into a 3GPP Release 8 QoS profile for LTE.

3.5 CGEQOS

As the parameters of the LTE QoS profile are different in 3GPP Release 8 compared to the QoS profile for WCDMA of 3GPP Release 7 a new AT command for the Requested LTE QoS profile should be introduced. The new Requested LTE QoS profile should coexist with the 3G QoS profile AT commands. This means a multi-mode UE supports the new Requested LTE QoS profile AT commands as well as the old 3G QoS profile AT commands: 

· In case a TE defines/requests a QoS profile via the 3G QoS profile AT command the platform has to implement a conversion logic which converts the 3G QoS profile AT command into a 3GPP Release 8 QoS profile for LTE when used for LTE.

· In case a TE defines/requests a QoS profile via the LTE QoS profile AT command the platform has to implement a conversion logic which converts the LTE QoS profile AT command into a 3GPP Release 7 QoS profile for WCDMA when used for WCDMA.

· In case a TE defines/requests two QoS profile versions via the 3G QoS profile AT command and the corresponding LTE QoS profile AT command the platform uses the parameters of the 3G QoS profile AT command for WCDMA and the parameters of the LTE QoS profile AT command for LTE.

3.6 CGEQMIN

This command allows the TE to specify a minimum acceptable QoS profile which is checked by the UE against the negotiated profile. There is no use of the CGEQMIN command for the EPS domain. So it is only used for and applicable within the GPRS packet domain.

3.7 CGEQNEG

This command allows the TE to retrieve the negotiated QoS profile per TFAD (identified by CID). There is no use of CGEQNEG command for the EPS domain when in single mode but only when in multi-mode with UMTS/GRPS or when in UMTS/GPRS alone. For LTE the UE always gets what it requests if possible otherwise the request will be rejected completely.

When in multi-mode the negotiated QoS is returned in an Activate Dedicated Bearer Context Request or Modify EPS Bearer Context Request. 

Despite of having only one QoS definition per PDP context in the network and not per TFAD the AT commands for QoS definition are reused for LTE when deployed in a multi-mode UE. The command itself specifies the QoS in compliance to 3GPP Release 7. 

3.8 CGTFT

The CGTFT command enables a TE to define a packet filter which is assigned to a TFAD, which is an aggregate of 1 or several packet filters. In LTE, a TFT is defined for a PDN connection and defines the rules for how to route packets into the Dedicated Bearers available within the PDN connection.

For LTE the packet filters themselves have to be expanded by an additional parameter indicating the direction. Both, the UE and the network need to know whether a certain packet filter is applicable for uplink or downlink traffic or for both.

3.9 CGACT

The execution command is used to activate or deactivate the specified default Bearers and/or TFADs. The default bearers and TFADs are specified by CID. The following four use cases can be distinguished:

· In case a default bearer is activated a PDN connectivity request is sent to the network

· In case a TFAD is activated a Bearer Resource Allocation Request is sent to the network. 

· In case a default bearer is deactivated, a PDN disconnect request is sent to the network.

· In case a TFAD is deactivated, a Bearer Resource Allocation Request is sent to the network.

3.10 CGCMOD

The execution command is used to modify the specified TFADs with respect to QoS profiles and TFTs. For each TFAD to be modified a corresponding Bearer Resource Modification Request is sent to the network.

4 Other new AT commands for LTE

4.1 Dynamic parameter retrieval commands

In LTE there a couple of parameters which are pre-set by the TE but later on set by the network.

E.g. the TE has to configure packet filters for getting a TFAD. Within such a packet filter there is amongst others a packet filter identifier and an evaluation precedence value. Both must be set by the TE but will eventually be overwritten by the network when activated to guarantee unique values over certain entities like EPS bearers and PDNs. To give the application and here maybe more the testers, the possibility to read back the network assigned values it seems good to have separate commands for this.

In particular these parameters are

1. For the PDN: APN (given by network for initial PDN connectivity), IP-Address(es), APN-AMBR and Default Bearer ID. In UMTS it would deliver the same information, except APN-AMBR and Default Bearer ID would be the NSAPI of the Primary PDP context.
Proposed command: +CGDCONTR

2. For the TFADs: There is only the ID of the bearer onto which this TFAD is mapped during activation. In UMTS this would the NSAPI.
Proposed command +CGDSCONTR

3. For the packet filters within the TFAD: The packet filter identifiers and evaluation precedence values would be given in LTE. In UMTS so far there is no possibility for the network to reset these parameters to different values and so this command would give the same ID and value back as being configured.
Proposed command +CGTFTR

4. For the QoS: In LTE the network accepts what the UE requests or rejects it if it cannot fulfil it. In a dual mode setup however, the UE also gets back the negotiated QoS which is valid when UMTS/GRPS becomes active, that is, after the UE does a handover to UMTS/GPRS.
Proposed command for this: +CGEQOSR

With these new commands the data model would be split up into a provisioning (or configuration) view and a dynamic view. All parameters settable by provisioning are hold in the provisioning view, and all parameters which are assigned by the network and hence being of dynamic nature are hold in the dynamic view. The provisioning commands act on provisioning view and the dynamic (retrieve) commands act on the dynamic view. The latter commands could also deliver the provisioning parameters for convenience where applicable.

The following figure is a visualization of what has been described above.
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Figure 1 Principal Model of IP Bearer Management
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Dynamic View

On this level all dynamic data are hold; They are created through activation: Cmds to retrieve are: +CGDCONTR, +CGDSCONTR, +CGTFTR, +CGEQOSR
For convenience they deliver the provisioning data as well where applicable


PDN Context {
cid=1:
 d_comp
 h_comp 
 PDP_type
 APN
}


PDN Context {
cid=1:
 APN  IP-Addresses  APN-AMBR
 BearerID=1
}



