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1. Introduction
Discussion occurred in recent RAN2 meetings regarding the potential for a dual mode UE to have a different set of capabilities for FDD and TDD modes, and the impact this might have on dual mode UE E-UTRA capability signalling and behaviour during an inter-mode mobility event. 
Clearwire has provided detailed views on real-world inter-mode mobility scenarios from the perspective of a dual-mode network operator in [1]. This contribution provides an update to the problem statement following discussions in RAN2#75-BIS, reviews the real-world use case scenarios, and proposes solutions given the problem statement and operator requirements.

In general there are two approaches that can be taken to providing a practical solution. The first involves no changes to signalling, but requires clarification of UE behaviour. The second approach is to introduce extensions to the current capability signalling framework. 
Both approaches will be discussed in this contribution - it is proposed that they are considered in a phased manner, based on the practical operator requirements which have been identified. 
2.
Problem statement

A number of capabilities and feature group indicators are reported to the network agnostic of mode. It is specified that if a UE needs to change the E-UTRA capabilities, it must detach and attach to the network [2]. If a dual mode UE vendor does not have common capabilities for features that do not have mode specific signalling or FGI status across FDD and TDD, they have two options:

1) Indicate the capabilities for the mode it attaches in: if an inter-mode mobility event occurs the UE performs detach/attach instead of following normal procedure to enable it to update the capabilities stored in the network
2) Indicate the capabilities that are supported on both modes: capabilities that are only available on one mode are not available for the network to use when it attaches in dual mode;  during mobility events the UE follows normal procedures

3GPP specifications do not mandate either 1) or 2). From a UE point of view, it is not easy to determine for a given network whether 1) or 2) is most appropriate. From a network point of view, there is no way to know how a UE will behave when an inter-mode mobility event occurs. Therefore a UE may be instructed to do RRC connection release with redirection or handover by the network, but instead it responds with detach/attach. 
Some UE vendors indicated in RAN2#75-BIS that the approach they will take is 1) and that it cannot be accepted to mandate 2) because they do not want to be forced to “hide” or “downgrade” features from the network that are available on one mode but not the other. 
In conclusion, the problem statement is that if a dual mode UE has different capabilities across modes, then instead of performing normal mobility procedures during an inter-mode mobility event it may use detach/attach, and this may not be acceptable, as discussed in the following section.

3.
Dual mode usage scenarios

[1] Provided a description of dual-mode usage scenarios from the perspective of a dual-mode network operator. In summary these included:

· International roaming support: UE can attach in FDD or TDD mode. Does not support inter-mode mobility so capabilities include only FDD bands or TDD bands, depending on the mode used during attach.

· Basic dual mode network support: UE can attach in either mode, can reselect between modes in RRC_IDLE, supports RRC connection release with redirect (with support for load balancing TAU). Needs support of inter-mode measurements to make redirection effective for achieving load balancing, otherwise no knowledge if there is a cell available to accept the UE. 
· Full dual mode network support: UE can attach in either mode and perform handover in RRC CONNECTED between modes. Source eNB should know full capabilities of UE in both modes, so offload decisions can be made based on feature support on target mode.
In general it is expected that detach/attach would not be acceptable as part of an RRC IDLE mobility event, as this could result in a prolonged period of no connectivity and could cause poor user experience. In particular, in the dual-mode network example, RRC connection release with redirection is likely to be used to load balance best effort traffic for an active connection. So the time to re-establish connectivity should be minimized, as in general a UE is being redirected to offload it and attempt to provide a better experience. 
As discussed in [1], it is our expectation that basic dual mode network support is sufficient for early LTE networks focusing on data services; i.e. inter-mode mobility events occur in RRC IDLE, either by cell reselection or by RRC connection release with redirection. In these stages of deployment we are focused on enabling dual mode UEs to be offloaded in the case an FDD or TDD carrier becomes overloaded, as well as enabling reselection back to the “preferred” mode in the case of cell reselection after a transition to RRC IDLE. In this scenario, the UE can attach in either mode, can reselect between modes in RRC IDLE, and supports RRC connection release with redirect (with support for load balancing TAU). The UE needs support of inter-mode measurements to make redirection effective for achieving load balancing, otherwise no knowledge if there is a cell available to accept the UE. If support for handover is indicated (FGI bit 30), then tested capabilities must be the same across modes. These types of functions should be available for a dual mode Release 8 UE, and this use case is the primary driver for the phased solution proposed herein.

In the future when support for real-time interactive services is required across modes, such as voice, then support for handover will also be required. In this case, detach/attach as part of RRC CONNECTED handover is considered unacceptable for obvious reasons. 
4.
Proposed solution 
In recognition of the problem statement and anticipated dual-mode release 8 network usage scenario evolution, it is proposed that a phased solution be considered.

The first phase focuses on a set of clarifications to existing behaviour, with no changes to the current signalling framework. The second phase would potentially extend capability signalling to enable capabilities that are likely to be different across modes to be indicated for each mode.
Phase 1 provides a practical way to address the problem in the short-term, noting that the usage scenario in this case is mainly based on idle state mobility. Whereas Phase 2 provides a long-term solution when UEs will have more advanced capabilities and will be a need to support handover.

The detail of each phase is provided in the following subsections. 
4.1
Phase 1: Clarify behaviour (no signalling impact)
It should first be clarified that if a UE sets FGI bit 30, indicating the UE supports inter-mode handover, that the UE will not perform detach/attach because of an inter-mode mobility event; it makes no sense for the UE to indicate it supports inter-mode handover if it knows it will have to perform detach/attach.
The implication, given there is no way to indicate different capabilities per mode for some features, or any mechanism to update the capabilities with the network, is that when FGI bit 30 is set the reported capabilities must be equal (minimum set) across modes. The network then knows it can rely on a handover event occurring as per expected procedure.

In addition the current situation for FGI bit 25 should be maintained such that if a dual mode UE sets bit 25 then this indicates that it supports inter-mode measurements. The measurements are considered essential in supporting RRC connection release with redirection based on the discussion in [1]. 

Whether the above needs clarification in RAN2 can be further discussed, however the following is proposed:

Proposal 1: Agree that the implication of setting FGI bit 30 is that the UE is not allowed to perform detach/attach during handover. Consequently the UE must report capabilities that apply for both modes for any capabilities or features that are not defined as mode specific.

Note that this proposal can be considered forward compatible, as if it is identified that there are capabilities that need to be signalled as mode specific, then signalling changes could be made to prevent a UE having to report capabilities that are common across modes.

As detach/attach is unacceptable for RRC IDLE inter-mode mobility, the following alternative procedures should be considered to accommodate a UE that does have different capabilities and prevent it being forced to use detach/attach.

First, we note that a capability enquiry will occur during connection establishment following an inter-MME RRC IDLE mobility event because the MMEs do not transfer UE radio capabilities; there is no mechanism to do this using S10. This behaviour for RRC IDLE mobility is in line with the requirements in TS 23.401, section 5.11.2:

The UE Radio Capability is not provided directly from one CN node to another. It will be uploaded to the MME when the E-UTRAN requests the UE Radio Capability information from the UE.
…

If the UE is performing a Service Request (or other) procedure and the MME does not have UE Radio Capability information available (or it is available, but marked as "deleted"), then the MME sends an S1 interface INITIAL CONTEXT SETUP REQUEST message to the E​UTRAN without any UE Radio Capability information in it. This triggers the E​UTRAN to request the UE Radio Capability from the UE and upload it to the MME in the S1 interface UE CAPABILITY INFO INDICATION message.
The UE should be allowed to respond with a new capability set when it receives a capability enquiry while establishing an RRC connection, as there is no impact if the UE updates its capabilities while in RRC IDLE (or during a transition to RRC CONNECTED), . It is therefore proposed to:

Proposal 2: Agree that a UE may update its capabilities when it receives a capability enquiry to prevent it needing to do detach/attach following an inter-mode RRC IDLE mobility event.

However, as the UE will only receive the capability enquiry in the case an inter-MME mobility event occurred a solution is needed to cover intra-MME mobility. Therefore if a mode change occurs and the UE did not experience an inter-MME mobility event (i.e. TAU procedure due to TA change did not result in a new GUMMEI) then it should be allowed to initiate a tracking area update procedure for “UE radio capability update”. This will have the same effect in that it results in the MME deleting stored capabilities such that a capability enquiry will be issued during subsequent connection establishment.
In order to simplify UE behaviour it is proposed that the UE may in general trigger the TAU procedure for capability update and that it does not need to detect if the mobility event was intra- or inter-MME. Therefore it is proposed to: 
Proposal 3: Agree that a UE may trigger a tracking area update procedure for “UE radio capability update” in the case of an inter-mode RRC IDLE mobility event.
If proposals 2-3 are considered acceptable then it is proposed that RAN2 should send a liaison to SA2 and CT1 to request if there are any implications on SA2 or CT1 specifications, and if such proposals can be accommodated in appropriate technical specifications.
4.2
Phase 2: Introduce capability signalling extensions
If changes to signalling are introduced then the problem statement can be addressed by allowing the UE to indicate different capability or FGI status for the two modes. In theory this could be backdated to release 8, as there are no dual mode UEs in the market, however this would need to be expedited to ensure a legacy issue does not occur and may be very hard to achieve.

Changes could vary from a signalling a few selected capabilities per mode to duplicating all capability fields and FGI bits. The most appropriate approach should be identified by first studying which capabilities are likely to require per mode signalling.
In the case signalling changes are only allowed in Release 9 and onwards, backwards compatibility can be supported by requiring that a release 9 network indicate that it supports the extended capability signalling. This can be achieved by using a Release 9 flag in the capability request message. If the UE responds with AS release 8 capability, then the network knows the UE behaves as per the Phase 1 clarifications. If the UE responds with AS release 9 or later, then the UE will send extended capabilities.

For a release 9 UE not receiving the request to indicate extended capabilities it behaves as per the Phase 1 clarifications when reporting capabilities, deciding whether it is appropriate or not to set FGI bit 30.

To enable Release 8 to 9 inter-network-inter-mode mobility, the release 9 network will receive release 8 UE capabilities. If the release 9 network sees the UE is release 9 supporting, then it could initiate a capability enquiry to retrieve the missing extended capabilities. 

To enable Release 9 to 8 inter-network-inter-mode mobility, then the Release 9 network needs to map the Release 9 UE capabilities across to Release 8 format. As it knows the capabilities for both modes, it can form the capabilities for the mode on the target network. In the case the UE has FGI bit 30 set, then the capabilities must be based on minimum set from the two modes.

As a result of the above discussion, the following is proposed:

Proposal 4: RAN2 first identify which capabilities that are not currently mode specific could be different across modes

Proposal 5: RAN2 then discuss appropriate capability signalling extensions and to what release it is appropriate to backdate the extensions

5. 
Summary 
Given the problem statement and identified dual-mode network use case scenarios, it is proposed that RAN2 address the problem in two phases, as discussed in Section 4.  In summary, the phases are:
Phase 1: Focussed on the near term use case based on RRC IDLE state mobility, and clarifying UE/MME behaviour rather than introducing signalling changes. This allows UE vendors to decide whether or not it is appropriate to set FGI bit 30, trading off the need to indicate support for handover (which will not likely be required during initial network deployments) as opposed to having different capabilities across modes. In addition the additional procedures to facilitate capability update instead of detach/attach following RRC IDLE state mobility could be used by a UE vendor to provide a better level of experience for the user of such a device on a dual mode network.
Proposal 1: Agree that the implication of setting FGI bit 30 is that the UE is not allowed to perform detach/attach during handover. Consequently the UE must report capabilities that apply for both modes for any capabilities or features that are not defined as mode specific.

Proposal 2: Agree that a UE may update its capabilities when it receives a capability enquiry to prevent it needing to do detach/attach following an inter-mode RRC IDLE mobility event.

Proposal 3: Agree that a UE may trigger a tracking area update procedure for “UE radio capability update” in the case of an inter-mode RRC IDLE mobility event.

If proposals 2-3 are considered acceptable, then as discussed earlier, it is proposed to send an appropriate liaison statement to SA2 and CT1 to check that these agreements can be accommodated.
Phase 2: Focussed on the long-term use case that requires support for handover and will likely involve use of more advanced capabilities and features. This provides signalling extensions that would allow a UE vendor that has different capabilities across modes to set FGI bit 30. This requires study of likely capability differences and design of appropriate capability signalling extensions. 
Proposal 4: RAN2 first identify which capabilities that are not currently mode specific could be different across modes

Proposal 5: RAN2 then discuss appropriate capability signalling extensions and to what release it is appropriate to backdate the extensions
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