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1 Introduction

Some generic principles for the handling of UE capability information in SAE/LTE have been discussed at the last RAN2#58 meeting and it has been agreed that the UE capabilities, including AS capabilities are uploaded to the MME and configured in the eNB from the MME at each active transition. The present contribution tries to clarify the details on some of the open issues that were raised at the meeting, especially on the signaling method to be used for uploading UE capability information to the network and regarding the handling of IRAT capabilities.
2 Uploading of UE capability information
We can differentiate basically two ways for the upload of capability information from the UE to the MME at initial Attach. One option is to upload it in two steps first sending the capabilities in an RRC procedure to the eNB and then further on to the MME via an S1 procedure after the Attach. Another approach is to send the capabilities in one step sending all capability information via the NAS (Attach) signaling.

We see some benefits with using the NAS signaling to upload the capabilities to the MME. Most importantly it simplifies the procedure and the potential error cases, since no new signaling round-trips needs to be introduced, the capabilities are sent piggy-backed on the already available signaling messages. In all other cases, the capabilities would need to be sent in a separate RRC and S1 procedure, such that the capabilities are made available in the network before the Attach is completed. Note that the capabilities would need to be made available in the EPC before the completion of the Attach procedure in order that the MME can setup the proper context in the eNB. This means that two inter-dependent procedures would be executed in parallel, which always results in nasty inter-actions and error cases e.g., when the authentication and the Attach succeeds but the upload of the capabilities fail due to some reason. 
2.1 Uploading of UE capability information during Attach

It is proposed that all UE capability information, including the CN capability and the RAN capability for each respective RAT supported by the UE, is sent in the Attach Request NAS message, as shown in Figure 1. If some part of the RAN capability information is needed in the eNodeB prior to the S1 UE Context Setup (FFS), then this capability information is included also in the RRC message (i.e., in the RRC CONNECTION REQUEST). It is assumed that the capability information needed in the eNodeB prior to the UE context setup is minimal, therefore the inefficiency in terms of information duplication both in the NAS and RRC part is negligible.

After the UE is successfully authenticated, the MME initiates the UE context establishment in the eNodeB by sending the S1 UE Context Setup message, which includes the UE RAN capability information that has been uploaded with the NAS message. The CN handles the UE RAN capability information as transparent information.
This mechanism ensures that the UE RAN capability information is available in the eNodeB at the time when the RRC connection and the radio bearers (SRBs and the RB of the default SAE bearer) are being established. That is, the eNodeB can take into account the UE capabilities in order to select the proper RB configurations. Note that in case a separate capability upload procedure would be used, invoked after the Attach procedure (similar to [2]), it might become necessary to reconfigure the RBs established during the Attach later on when the UE capabilities are received.
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Figure 1: Transfer of UE capability information during initial Attach
2.2 Handling of UE capability information at IRAT handover
The MME stores the IRAT capability information of the UE, which specifies which other RATs are supported by the UE. In addition, it is proposed that the MME also stores the RAT specific UE radio access capabilities for each RAT supported by the UE. One advantage of this solution is that the upload of capability information from the UE at each IRAT handover can be avoided. Moreover, the eNodeBs do not need to deal with IRAT capabilities.
In case of an IRAT handover from LTE to 2G/3G it is assumed that the UE capability information, including capability of all RATs is transferred to the target system as part of the context transfer during network prepared handover (see Figure 3). In case of cell-reselection the capabilities can either be fetched from the source MME by the target network SGSN or uploaded to the target system from the UE once the UE has arrived in the target system.
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Figure 3: Handling of UE capability information at LTE to 2G/3G handover
In case of an IRAT handover from 2G/3G to LTE it is proposed that the 2G/3G system returns the UE capability information to the MME, which has been either received by the 2G/3G system at an earlier LTE to 2G/3G handover or it has been uploaded by the UE to the network while being in the source 2G/3G system. The upload of SAE/LTE (and possibly other RAT) UE capability information to the 2G/3G system could be performed either via the already available procedures specific to the given RAT, if applicable, or preferably via the same NAS signaling procedure (Rel8) that is to be used in the LTE system for sending capability information.
If the SAE/LTE UE capabilities are not available in the source 2G/3G system then no active mode handover can be performed. In this case the system change would need to be performed via cell reselection. The UE would then perform a Tracking Area Update (TAU), where in the response message the network could indicate to the UE that it needs to upload its capabilities. Then the UE could use a dedicated NAS Capability Upload procedure to send its capability information or could use the Service Request procedure at the next idle to active transition to send its capabilities. The procedures are illustrated in Figure 4.
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Figure 4: Handling of UE capability information at 2G/3G to LTE change
2.3 Handling the update of UE capability information
For the update of UE capability information, once the UE has attached to the network, it is possible to use either the existing NAS Service Request procedure at the time of the next idle to active transition or a dedicated UE Capability Update NAS procedure as indicated in Figure 4b. 
3 Conclusion

We propose to adapt the above principles for the handling of UE capability information in SAE/LTE and agree on the text proposal to TS 36.300 according to the Appendix below. The main principles proposed are as follows:
· The UE capabilities are uploaded to the MME via NAS signaling, which has the benefits of a simpler procedure as the capability information is piggy-backed on the existing messages at Attach. Thereby, extra round-trips and parallel signaling exchanges can be avoided. A parallel signaling exchange dedicated for the upload of the UE capabilities would result in unwanted inter-actions with the Attach signaling and would complicate the error handling. This mechanism also ensures that the UE capabilities are available in the eNodeB at the right time when the RBs are being established and thereby, the eNodeB can take into account this information when selecting the proper RB configurations.
· The IRAT capabilities are uploaded to the MME for all RATs supported by the UE, which has the benefit that in case of an IRAT handover all the necessary capabilities are available in the network and can be transferred to the target system without any delay. In all other cases the handover may be delayed and the interruption increased if the capabilities for the target system need to be sent all over from the UE. Moreover, maintaining all the IRAT capabilities in the MME has the additional benefit that the eNodeB does not need to handle IRAT capabilities at all.
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Appendix - Text proposal -
We propose the following text changes to Section 18 of TS 36.300. We note that some parts of the already available text in Section 18 have been merged into the proposed text below, while some parts have been removed (see below). 
---------------------   Start of text proposal ----------------------

18
UE capabilities


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) via NAS signaling during initial Attach and stored there. The UE RAN capability information is handled by the core network as a transparent container. The capability information includes UE RAN capabilities to all respective RATs supported by the UE.
· The UE RAN capability information is configured in the eNodeB from the core network during S1 Initial Context Setup, i.e., at Attach and at Idle to Active transition. It is FFS if any capability information is sent early to the eNodeB in the RRC_CONNECTION_REQUEST.
· 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 an intra-LTE handover.
· In case of an IRAT handover all the UE capabilities, including the capabilities of the respective RAT are transferred between SAE/LTE and 2G/3G as part of the context transfer. If the capability information is not available for the context transfer then the system change can be performed only via cell-reselection.
· The UE can update its capability information to the network via NAS signaling in case something has changed in its capabilities or in case the network has requested the UE to do so in the response to a Tracking Area Update.
---------------------   End of text proposal ----------------------
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