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Introduction

In UMTS there was a clear separation of RAN and CN capabilities and RAN capabilities were signalled over RRC and CN over NAS signalling.  RAN capabilities were confined to the RAN.  With LTE, the PDCP layer moves to the aGW (CN) node.  Further there is the expectation of fast transition from Idle to Active and no “idle” mode handling in the RAN.  These differences motivate revisiting the UMTS principles for LTE.

It may also be worth noting that in GSM, the RR capabilities were sent using NAS signalling and transferred to the BSC.

UE capabilities have different components.  This contribution identifies and analysis these and proposes means to signal each of these components.

Discussion

UE capability can be classified as

1) CN capability (excluding PCAP): These include some CN specific service capability 

2) PCAP capability: These are Header compression and Encryption capability for user plane and NAS signalling 

3) Radio capability: These are the radio access related capability in E-UTRAN

4) Inter-RAT capability: UE capability related to other RAT – mainly radio capability

CN capability is expected to be signalled using NAS signalling and is not relevant to E-UTRAN and is not discussed any further.

PCAP capability is required in the MME/UPE and needs to be signalled only once at the time of attach.  The signalling of PCAP capability needs to be integrity protected.  This information should be signalled using NAS signalling since is needed at the aGW level,.  There is no need to provide this information at every tracking area update.   Even in case of a change in MME/UPE, these can be expected to be transferred across network interfaces.  Inter-system change is discussed in more detail below.

Radio capability:  This is required only in the e-UTRAN.  There are many possibilities on how it can signalled:

1) Provided over E-RRC signalling every time an RRC connection is set up.  This may be quite wasteful since the same information is transferred at every RRC connection set up.  This is particularly relevant when a NAS message is also piggybacked on the initial RRC connection request.  While the information can potentially be made available faster than from the aGW (see option 2), this does not save time if the UE cannot send any data before completion of the  signalling exchange with the CN.  

2) Provided over only E-RRC but transferred and retained in the aGW when the UE goes to RRC-Idle and transferred back to the e-NB every time the UE goes to RRC connected.   This saves on signalling over the radio since the data is sent only once over the radio and is retained by the network.  The data is transferred to the aGW and stored in it transparently.  

3) Provided by NAS signalling and then subsequently transferred to the E-UTRAN everytime the UE goes to RRC-connected.  While it might break some of the layering convention by carrying RRC capability over NAS signalling, the data itself is handled transparently by the NAS in the terminal and the aGW.   The only difference compared to option 2 is in the initial signalling, since the RRC capability is stored in the aGW and transferred to the eNB anyway.  The benefit of this is that the UE RRC capability will also be integrity checked along with the PCAP capability without any additional effort.

In addition to the detailed RRC UE capability discussed above, some minimal radio capability must be made available to the eNB as soon as possible at RRC set up.  This is required independent of the above discussion and can be signalled in RACH itself if possible or as part of the first RRC message.

Handling of the UE capability on inter-system change:  

PCAP capability: If as discussed above, the aGW stores most of the UE capability from Attach to Detach, the UE does not re-send it during this period.  However, when the UE moves from/to another system, should the capability be transferred or resent?  While inter-system change procedures are still under discussion, the PCAP entity must be re-established on HO from other system to E-UTRAN.  This will require that the PCAP capability must also be made available to the MME/UPE during the HO preparation phase.  It is hence proposed that the information is transferred across network nodes even for inter-system change.  

Inter-RAT capability: RAN capability signalling can take two forms – signalling of the other RAT capabilities over E-UTRAN and the E-UTRAN capability over other RATs.  The other RAT capability information must be available in the eNB as soon possible so that the eNB can handover to the other RATs.  Similar choices as discussed above for E-UTRAN RRC capability is also applicable here as well.

Signalling of E-UTRAN capability over other RAT is not discussed here but must be carried to the E-UTRAN in the HO request message from the other RAT.

UE capability query:

Even if as discussed above, the network stores the UE capabilities, it should be possible for the network to request the UE capability to handle unforeseen error cases.  Procedures to do so must hence be supported.  Should NAS procedure be used also to transfer RRC capability then using NAS procedures for this query would seem appropriate.  However, to get UE RRC capability, the eNB must request the aGW first leading to additional delay in acquiring the signalling capability.

Summary

This contribution discussed the different UE capability information that needs to be transferred and the signalling options for the transfer.  While there are no strong arguments in favour on any approach, storing the UE capability in the network can save radio resources, and addresses the concerns regarding the initial message size to allow the NAS message to be piggybacked on the RRC connection request.  Hence  this approach is recommended.

It is proposed to used NAS signalling to transfer PCAP capability.  RRC or NAS signalling could be used for RRC but the small benefits in using NAS signalling is countered by the additional delay and complication of using NAS for UE capability query and also breaks the layering convention.  It is hence proposed to always use RRC signalling (compared to NAS signalling) to obtain the UE E-RRC capability.

