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Discussion
1 Introduction
In the RAN2 stage 2 TS [1], it is stated that UE capability information may be stored in aGW. It suggests that UE capability is stored in LTE_IDLE state. We think that storing UE capability is beneficial from the following perspective.
· To reduce signalling load at the state transition from LTE_IDLE to LTE_ACTIVE

· To facilitate fast inter-RAT state transition from LTE_IDLE to UTRAN RRC connected mode

The current working assumption stated in [1] is that RRC capability is carried by RRC signalling. It is clear from the statement that the RRC capability is maintained in the network during a RRC connection. At the same time it does not eliminate the possibility to store radio related UE capability in LTE_IDLE. From the above points we it would be beneficial or is required to store radio related UE capability in LTE_IDLE.

RAN2 have not discussed how the UE capability is handled in E-UTRAN and evolved packet core network. This document tries to propose a framework for UE capability handling in LTE/SAE.
2 Discussions
2.1 UE capability categories
In UMTS the UE capability is stored in RNC and released at RRC connection release. There are different types of capabilities signalled by the UE. They can be categorized into two types, dynamic capability and semi-static capability. Both of them are released at RRC connection release in WCDMA system even though semi-static part does not typically change over idle mode period.

On the other hand in LTE/SAE, it would make sense to store semi-static UE capability in LTE_IDLE state, whereas the storing of the dynamic capability in LTE_IDLE may not be so attractive.
We also believe that usage of dynamic capability would be extended in LTE. Processing load and memory resource that the UE needs to support at both radio protocol layer and application layer would be significantly large in LTE. This is achieved with corresponding cost for UE implementation.
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Figure-1: Increased processing and memory requirements
In order to minimise the situation those resources are unused, UE capability for supportable data rate and associated resources in UL/DL can be dynamically changed depending on memory and processing load situation of the UE.
For example the UE not receiving MBMS signal could indicate higher capability for DL/UL data transfer to the network, while using lower capability in the case that there is MBMS reception. It could be also considered that the UE divides its resources to UL and DL depending on the service that is provided (e.g. file upload or file download).

Based on the above discussion we propose to separate UE capability into the dynamic part and the semi-static part and to have the LTE network store only semi-static part of UE capability in LTE_IDLE. UE capability for other RAT is categorized as the semi-static part and store in LTE_IDLE, facilitating fast state transition from LTE_IDLE to RRC Connected state.
Conclusion 1:

UE capability should be divided into two categories, dynamic part and semi-static part.

Conclusion 2:

Only semi-static part is stored in LTE_IDLE
2.2 “Borrowing” of UE capability
Dynamic UE capability is achieved by the UE “borrowing” one capability for the use for another capability. In this document we assume UE capabilities similar to those of UMTS will be used in LTE.

· Downlink capability on DL-SCH (UE category in downlink as in HSDPA)
· Uplink capability on UL-SCH (UE category in uplink as in HSUPA)

· MBMS reception capability
MBMS reception capability can be defined to be unknown to the network, although minimum capability is pre-defined separately. This set of capabilities is determined by the design of the UE and it can guarantee the services that the UE is designed to support. It should be noted that the “borrowing” is done only to boost capability that can be used for a Best Effort type of service. The following figure shows an example of the borrowing mechanism.
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Figure-2: Borrowing mechanism

(1) When a service is initiated, the UE is not receiving any MBMS service it borrows a portion of MBMS capability so that the minimum MBMS capability is guaranteed. The borrowed capability is allocated to downlink capability. This information is communicated to E-UTRAN at initial setup of RRC connection.
(2) The UE detects that the whole MBMS capability is required for MBMS reception. The capability change is reported to the E-UTRAN.
(3) For the service that requires higher data rate in uplink the UE borrows a portion of downlink capability.
In the scenario (3), it is possible that the UE borrows too much from the downlink capability to the extent that it cannot support a Guaranteed Bit Rate service that is not on going. It is not our intention to make the UE re-negotiate QoS for the service. If the GBR service is initiated the UE would need to report necessary capability change to the E-UTRAN in order to support the GBR service. The signalling for capability change can be performed in parallel with the service initiation signalling.
Another solution would be to ensure that the UE always reserves resources required for supporting QoS of services that have been negotiated with the network. In this option, the reserved resource cannot be borrowed for other purpose. In general bit rate for GBR service is relatively low and the reservation should not have significant impact to the benefit of this mechanism.

2.3 Proposed signalling flow
In this section we propose a means to handle UE capability in LTE. The following figures show how dynamic and semi-static capability will be signalled and stored across the nodes.
The following figure shows an example of initial access scenario. Initially the network does not have any information for the capability of the UE in this scenario. Both dynamic and semi-static part of capability is signalled in Connection Request message and both are stored in the serving eNB. The eNB passes both capabilities to the core network. It is however FFS whether dynamic capability is necessary in the core network.
At the connection release, only dynamic part is released in the core network. Any UE context in eNB is released in the serving eNB, resulting in release of all the capabilities associated with the UE.
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Figure-3: Initial access and Connection release
The figure-2 below shows signalling flow for subsequent accesses. Here it is assumed that semi-static part of UE capability is already stored in the core network. The UE only include dynamic part in Connection Request message, achieving reduced information elements in the message. The eNB sends the dynamic capability to the core network and now the core network has both dynamic and semi-static capabilities. The semi-static part is passed back to eNB by Connection Setup message.
There will be error cases that the network does not have semi-static capability while the UE assumes it does. Some form of error handling should be standardized in stage-3 (e.g. the network sends UE capability enquiry message). It is our belief that this is a very rare case and it does not affect overall benefit of the proposed scheme.
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Figure-4: Subsequent accesses
3 Conclusion
We proposed a framework for the handling of UE capability in LTE. Our proposal is summarized below.
· Part of UE capability is stored in the core network in LTE_IDLE mode.

· UE capability is divided into two categories, dynamic part and semi-static part.
· Only semi-static part is stored in LTE_IDLE.

RAN2 is asked to discuss the issues covered in the document. The relevant CR to [1] is attached below.
-----Text Proposal------

17
UE capabilities

UE capabilities are handled as follows

· RRC signalling carries RRC capability and NAS signalling carries NAS capability;
· Some capability information may be stored in the aGW;
· In the uplink, some capability information may be sent early in e.g. RRC_CONNECTION_REQUEST. In the downlink, inquiry procedure of the UE capability may be supported;
· Part of UE capability is stored in the core network in LTE_IDLE mode;
· UE capability is divided into two categories, dynamic part and semi-static part;
· Only semi-static part is stored in LTE_IDLE.
Detailed handling of the dynamic part and the semi-static part at the initial access and RRC connection release is provided in the figure below. The UE provides both the dynamic capability and the semi-static capability in the RRC Connection Request message. This information is forwarded up to the core network. At the connection release, only dynamic part is released in the core network and semi-static part remains stored.
It is FFS whether the dynamic part of UE capability is necessary in the core network.
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Figure-A: Initial access and Connection release
In subsequent accesses, the UE only transmits the dynamic part of its capability. The information may be forwarded to the core network. The semi-static part is downloaded to the serving eNB from the core network.
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Figure-B: Subsequent accesses
-----------------------------
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