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Discussion and decision
1 Introduction

This paper mainly discusses the transfer of UE capabilities, focussing on whether it is AS or NAS procedures that should be used. Furthermore, the paper addresses the question whethoer or not there is sufficient justification for introducing early transfer of urgent AS capabilities upon connection establishment.

2 Discussion

2.1 Introduction

The proposal in [3] can be summarised as follows:

· Early capabilities transferred (also) during connection request
· AS capabilities are normally transferred to the MME upon Attach, using NAS signalling
· Updated capabilities are transferred using the Service request message
· The TA update confirm can include a capability request

In the following sections, we will consider the different aspects of the above proposal.

2.2 Use of NAS procedures

The use of NAS has some disadvantages:
· In case of an AS- capability change, the UE has to invoke a NAS procedure (e.g. service request)

· In principle it is up to the AS to request capabilities relevant in a specific area e.g. certain inter RAT capabilities may not be useful. Then, when the UE moves to an area in which these become relevant, the AS could request the UE to provide the additional capabilities. The alternatives is to provide similar functionality at NAS level (not nice) or to require the UE to always report all capabilites (overkill)

· It is unclear how the initial attach case (no integrity) is handled. It seems that some kind of UE validation is needed to protect against the AS security capabilities against the ‘man in the middle’..
· It is claimed that a NAS procedure has the advantage that it can support multiple RATs more easily. However, is there really much gain in adding this to the LA update compared to adding this to an interface procedure? Moreover, wouldn’t this involve a change in the approach used inlegacy networks?

· Today, we use an AS- based approach. Considering the above, there does not seem real justification to change to a NAS-based approach. There is one further issue related to the AS-based mechanism:
· Today the capability transfer is confirmed by the RNC, which is also the node that stores the information. One can question who is responsible for ensuring the information ends up on the MME; it could be the UE or the eNB to take action in the unlikely case the transfer from eNB to MME fails. An approach in which the UE is made responsible is considered most reliable and hence proposed (see Fig. 1)
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Figure 1: AS capability transfer, successful
The above figure shows that whenever the the eNB notes that it does not receive the required capabilities from the MME it requests these from the UE. This also applies in the initial network attach case, when the MME does not have any capabilities stored.

( Our preference is to use an AS procedure in conjunction with an S1 procedure

2.3 Early capabilities upon connection establishment
There is a split in capabilities that are transferred early (i.e. during connection establishment and upon inter RAT handover) and ones that can be exchanged later. For inter RAT handover, initially the full set of capabilities was transferred prior to handover. However, in REL-5 the early/ essential capabilities were introduced, in this case referred to as ‘compact capabilities’.

The following type of information could be considered essential enough to justify early transfer i.e. immediately upon (inter RAT) handover: supported bands & scheduling gap requirements, security, items that improve handover success rate (if any). Information related to capabilities only increasing the achievable data rate or system efficiency are not considered that urgent i.e. a reconfiguration can be done later

From a re-direction perspective there does not seem a big need for early capabilities

· Re-direction prior to receiving the UE context from the MME has some issues:

· The UE does not consume many radio resources during this initial phase i.e. it is not costly to defer the decision for say 25ms

· Only after receiving the UE context, the eNB has all information needed to decide (capabilities, subscription profile). Without this, the UE may redirect a UE incorrectly e.g. it could direct a visiting UE to 3G while it should be kept on 2G even when that is somewhat congested

· Although redirection after response from the MME involves a somewhat more complex procedure, depending on how this is done. However, it has advantages:

· It makes it possible to take into account all relevant aspect i.e. capabilities & subscription profile

· It avoids the need to do ‘early capability transfer’

Other urgent capabilities (e.g. security) would be obtained from the MME before usage

( Our assumption is that early transfer of AS capabilities upon connection establishment is not needed

2.4 Inter RAT handover

On the UTRA radio we use the IE Inter-RAT UE radio access capability (10.3.8.7) which uses a separate octet string for the classmark 2, classmark 3 and MS RAC (GERAN) capabilities as well as separate bitstrings for the GERAN Iu MS RAC and CDMA2000 capabilities. UTRAN can request the UE to report the GSM (includes MS RAC) and the GERAN Iu capabilities.Nothing is specified regarding when the UE shall include the CDMA2000 capabilities.

On the GSM radio the INTER RAT HANDOVER INFO message is used, which only includes the UTRA capabilities (The GSM capabilities are transferred separately).
The BSC compiles the ASN.1 encoded INTER RAT HANDOVER INFO WITH INTER RAT CAPABILITIES which also includes the Classmark and possibly the MS RAC information. This information is transferred between BSCs (handover within GSM) and forwarded to the SRNC upon handover to UTRAN. Upon handover from UTRAN, the RNC forwards the UE capabilities within an INTER RAT HANDOVER INFO message. In this case, the GSM capabilities are exchanged separately within the RELOCATION REQUIRED and HANDOVER REQUEST messages.

The above shows that the GSM capabilies are transferred differently in the two directions. Moreover, it is interesting to note that upon inter BSC handover the GSM and UMTS capabililites are treated differently i.e. the GSM classmark information type 2 and 3 are not transferred upon inter BSC handover. GSM classmark information type 3 is uploaded during Location updating and subsequently downloaded to the BSC. The same approach is used for the GERAN capabilities (MS Radio access capabilities). It is unclear how the classmark information type 2 is transferred.
Considering that the current specifications are not very consistent, we feel it is important to agree some general principles. Although we have no strong opinion, our proposal is very much based on the approach used for the UTRA capabilities.

· General

· Separate the transfer of capabilities for the different RATs i.e. introduce a separate container for the LTE capabilities

· Transfer the LTE capabilities across the network interfaces in a similar fashion as done for the UTRA capabilities

· Transfer the UTRA and GSM capabilities across the LTE network interfaces in a similar fashion as done today

· LTE radio

· Specify ‘essential LTE capabilities’ i.e. the capabilities essential for the target eNB upon handover to E-UTRA: supported bands & scheduling gap requirements, security, items that improve handover success rate (if any).
· Introduce separate containers for the transfer of:

· the UTRA capabilities i.e. the INTER RAT HANDOVER INFO

· the GSM/ GPRS capabilities i.e. separate containers for the Classmark 2, Classmark 3 and MS Radio Access Capabilities

· GSM radio:

· Introduce an E-UTRAN CLASSMARK CHANGE (or a more general INTER RAT CLASSMARK CHANGE) message, including the container for the ‘essential LTE capabilities’
· UMTS radio:

· Include a container for the ‘essential LTE capabilities’ in the RRC CONNECTION SETUP COMPLETE, UE CAPABILITY INFORMATION and the SRNS RELOCATION INFO
· E-UTRA network interfaces

· Introduce separate containers for the transfer from source to target node of:

· the ‘essential LTE capabilities’
· the UTRA capabilities i.e. the INTER RAT HANDOVER INFO

· the GSM/ GPRS capabilities i.e. separate containers for the Classmark 2, Classmark 3 and MS Radio Access Capabilities
· Legacy network interfaces

· Introduce support for the transfer of the container including the ‘essential LTE capabilities’ from any source to any target node

Note
The size of the UTRA capabilities is considerable because the ‘compact’ format that was introduced in REL-5 is only used for the new capabilities. The size of these capabilities could be reduced considerably, but this would require an upgrade of all network nodes. The introduction of E-UTRA could be considered an opportunity to introduce this enhancement i.e. it’s now or never

3 Conclusion & recommendation
In this contribution we have discussed the UE capabilities. Based on this, RAN2 is requested to consider the following proposals:

· Transfer AS capabilities by using AS procedure(s) in conjunction with an S1 procedure(s)
· Upon connection establishment, there is no need for early transfer of AS capabilities
· Separate the transfer of capabilities for the different RATs i.e. introduce a separate container for the LTE capabilities

· Transfer the LTE capabilities across the network interfaces in a similar fashion as done for the UTRA capabilities

· Transfer the UTRA and GSM capabilities across the LTE network interfaces in a similar fashion as currently done
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