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1 Introduction

In this contribution we address the issue of handling UE capability information in SAE/LTE, where we propose to introduce some changes compared to the current way of handling in UMTS in order to capture the architectural differences between SAE/LTE and 3G and to allow a more efficient handling of the capability information e.g., during idle to active transitions or at IRAT handovers.
2 Handling of UE capability information in UMTS
First, we shortly revisit the method used in UMTS for the handling of UE capability information. In UMTS a distinction is made between the capability information maintained about the UE in UTRAN (RNC) and in the CN (SGSN). The information treated in the SGSN is called “MS Network Capability”, while the information maintained in the RNC is called “UE radio access capability”. 
The UE radio access capability can be signalled from the UE to the RNC in the following ways:

· sent in the RRC Connection Complete message during RRC connection establishment,

· sent in an unsolicited UE Capability Information message by the UE, when the UE detects changes in its capabilities, or
· sent in response to a UE Capability Enquiry message from the network.

The following type of information is maintained as part of the UE radio access capability (for an exhaustive list of capability information see [1]):

UE radio access capability:

· PDCP capability (type of header compression supported, …)
· RLC capability (max RLC AM window size, max number of AM entities, …)
· Transport channel capability (max number of channels, received bits, …)
· RF capability FDD/TDD (supported bands, UE power class, Tx/Rx frequency separation, …)
· Physical channel capability (max number of codes, SF, received bits, …)
· UE multi-mode/multi-RAT capability (support of GSM, multi-carrier, …)
· Security capability (ciphering/integrity algorithm supported, …)
· Measurement capability (need for compress mode for GSM, multi-carrier measurements, …)
· UE positioning capability

Inter-RAT UE radio access capability:

· GSM, GERAN, cdma2000 capabilities
The MS network capability information includes the non-radio related capabilities of the UE. This information element can be signalled as part of the SM/MM signalling in the following possible ways:
· during Attach

· during RA Update.

The MS network capability information element includes mainly GPRS related UE capability information, which are not needed for Iu mode access. The following type of information is maintained as part of the MS network capability (for a more exhaustive list see [3]):

· UMTS authentication capabilities
· GPRS encryption algorithm supported

· PS inter-RAT handover capability.

3 Handling of UE capability information in SAE/LTE
Similarly to 3G, it is necessary to make a distinction between UE radio access capabilities and CN related UE capabilities in SAE/LTE as well. The UE RAN capability information needs to be available in the eNodeB, while the CN capability information is needed in the MME/UPE. 

In general, we can expect that similar type of information elements will need to be maintained for the RAN and CN capabilities of the UE as in case of 3G. However, there might be some differences due to the differences in the radio access technology, in the protocol operations, etc., and also due to the differences in the functional split between the RAN and the CN. For example, some UE RAN capability information that was needed in the RNC in case of UTRAN, need to be made available for the MME/UPE in case of E-UTRAN, such as PDCP capability and security capability.
It also needs to be considered whether all the capability information of the UE, including RAN and CN capabilities is stored centrally at the MME and downloaded to the eNodeB when needed or the RAN capability information is stored only in the eNodeB.
3.1 Handling of UE capability information during Attach

The UE CN capability information can be sent as part of the Attach Request signaling message, similarly to how it is done in UMTS today. Some information elements of the UE CN capability may need to be added, while others removed as compared to UMTS. For example, in case of LTE the UE CN information element has to carry the PDCP and security capabilities, which were originally part of the RRC capabilities in UTRAN. The procedure is illustrated in Figure 1, shown with a simplified signaling flow of the initial Attach (RRC connection establishment) procedure. For a more detailed signaling chart of the Attach procedure see [2].
The UE RAN capability information can be sent as a transparent container included in the Attach Request message up to the MME. Then the MME can download the RAN capabilities into the eNodeB along with the RRC security configuration in the S1 Context Setup message. Alternatively, the UE can send its RAN capability information in the RRC Connection Setup Complete message to the eNodeB, which may send it further to the MME in the S1 Context Setup Complete message.
We see a number of benefits with storing all UE capability information, including RAN and CN parts in the MME. For instance, the UE does not need to upload its RAN capabilities to the network at every idle to active transition, which enables to perform the transition faster. This can be especially important in some scenarios where the idle state transitions might be more frequent.
The IRAT handover procedure can also be made simpler and more efficient, if the UE radio access capabilities are available in the core network. In this case the CN can include information about the UE radio access capabilities for the target system already in the handover preparation request, which is sent toward the target side. Thereby, there is no need for the UE to upload target system capabilities via the source system prior to an IRAT handover.
Finally, the concept that the eNodeBs are configured from the CN with all necessary information, i.e., UE capabilities, security, etc., is better inline with the assumed functional split and “master-slave” relation between the CN and the RAN.
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Authentication procedure  

S1:  Initial UE message    NAS: Attach Request (UE  CN  and RAN  cap.)  

RRC CONNECTI ON SETUP   NAS: Attach Accept  

RRC CONN.  SETUP COMPLETE   NAS: Attach Confirm  

S1 Context Setup (UE RAN cap.)   NAS: Attach Accept  

S1 Context Setup Complete   NAS: Attach Confirm  

UE   eNB   MME  

RRC CONNETION REQUEST   NAS: Attach Request (UE  CN  and RAN  cap.)  


Figure 1: Transfer of UE capability information during initial Attach
3.2 Handling of UE capability information at Idle to Active transition
During the time the UE is in LTE_IDLE state the capability information is kept in the MME. Next time when the UE switches to LTE_ACTIVE the UE RAN capability information is downloaded from the MME to the eNodeB in the S1 Context Setup message, along with other configuration such as RRC security. We also note that the UE may send an update of the capability information as part of the Service Request, in case something has changed in its capabilities. 
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Authentication procedure  (optional)  

S1:  Direct Transfer     NAS: Service Request  

RRC CONNECTION SETUP   NAS: Service Accept  

RRC CONN. SETUP COMPLETE  

S1 Context Setup (UE RA N cap.)   NAS: Service Accept  

S1 Context Setup Complete  

UE   eNB   MME  

RRC CONNETION REQUEST   NAS: Service Request  


Figure 1: Download of UE capability from the MME to the eNodeB at idle to active transition

The advantage with this solution is clearly visible in the figure, showing that there is no need to send the UE capability information from the UE via the radio interface. This could have an advantage in terms of reduced delay and simplicity. Note that the UE capability information may be a relatively large block of data, which may take some time to transmit over the radio interface.
3.3 Handling the update of UE capability information
Currently, it is unclear whether there is need for a dedicated NAS or RRC procedure to support the update of the UE capability information in LTE_ACTIVE state, initiated either from the UE or from the network side. We propose that until the need is identified for such a dedicated procedure we rely on the existing NAS signaling messages, i.e., on Service Request to allow for the UE to piggy-back new capability information at idle to active transition, in case something has changed in its capabilities.
4 Conclusion
We propose to adapt the above principles for the handling of UE capability information in SAE/LTE and agree on the following text proposal to TS 36.300.
Appendix - Text proposal -
We propose the following text to be added to Section 17 of TS 36.300

---------------------   Start of text proposal ----------------------

The UE capability information can be split into a UE Radio Access Capability part and into a Core Network Capability part, also referred to as RAN and CN capability, respectively. The following principles are assumed for the handling of the UE capability information.
· Both the RAN and the CN UE capability information are uploaded to the core network (into the MME/UPE) during initial Attach and stored there. The UE RAN capability information is handled by the core network as a transparent container. 
· The signaling of the UE capability information to the core network is carried by NAS signaling, where the RAN capability information is carried as transparent container.
· The UE RAN capability information is configured in the eNodeB from the core network during S1 context setup, i.e., at Attach and at Idle to Active transition, along with the configuration of other information as well, such as RRC security.

· The UE capability information, both the RAN and the CN part, is kept in the core network (MME) also while the UE is in LTE_IDLE state.

· The RAN capability information is transferred from one eNodeB to the other in case of a handover.
· The update of the UE capability information is supported at idle to active transition by piggy-backing the UE capability information on the Service Request message. 
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S1: Direct Transfer �NAS: Service Request
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