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1. Introduction
RAN2 sent an LS to RAN plenary [1] seeking guidance on E-UTRA capability handling for dual mode UEs during mobility events, as the WG was unable to reach a consensus opinion that a problem exists. 

This contribution is intended to complement the LS by providing insight into the problems identified from the perspective of a dual-mode  operator, and to request that TSG-RAN work to address this rapidly to enable the continued development of a dual-mode UE ecosystem.

2. Problem statement summary

Some E-UTRA UE capabilities can be indicated to the network for each mode, however many are indicated agnostic of mode, including all FGI bits. As stated in the LS, when the dual mode UE attaches to the network it may choose to set the mode agnostic capabilities relevant to the mode of attach, if they differ across modes. As the UE cannot update the E-UTRA UE capabilities stored in the network after attach, other than to detach and attach, this has implications if such a UE changes mode of operation as a result of a non-roaming mobility event. The full situation is summarized in the LS to RAN [1] and the issue was first identified in RAN2#74, more than 6 months ago [2]. 

Despite numerous discussions in meetings and by email, RAN2 has been unable to reach consensus that there is a problem. This is because some companies believe that requiring UEs to indicate a common set of capabilities that apply to both modes in order to avoid detach/attach should be sufficient. 
This is in contrast to the outcome of a recent RAN2 email discussion that requested input from UE vendors. As reported in [3], the companies participating identified a list of capabilities that “need” to be known per mode but currently are not. Therefore forcing common capability reporting may not be desirable as some UE vendors will have to make a choice whether to “downgrade” certain capabilities only available on one mode, or make a dual-mode UE that does not support inter-mode mobility, attaching either as either a single-mode FDD or TDD UE.
This issue is now worthy of discussion in RAN as it starting to impact other groups. RAN5 informed the GTI in a recent LS [4] that it cannot complete a number of requested inter-mode test cases until RAN2 concludes this matter. Our opinion is that the UE vendors have identified a problem, so RAN and RAN2 should work to resolve this situation to prevent further impact to the development of a healthy dual-mode, inter-mode mobility supporting UE ecosystem.

3. Dual-mode network operator scenarios

Clearwire highlighted our use case scenario from the perspective of a potential dual-mode network operator [5]
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[6]. In summary we identified the following scenarios:

· International roaming support: UE can attach in FDD or TDD mode. Does not support inter-mode mobility. Can use detach/attach to update capabilities when roaming;
· Basic dual mode network support: UE can attach in either mode, can reselect between modes in RRC_IDLE, supports RRC connection release with redirection & inter-mode measurements to enable load-balancing of best-effort services; 
· Full dual mode network support: As above, except UE also performs handover in RRC CONNECTED between modes. Target eNB needs to know what capabilities can be used in the target mode in advance of accepting the UE.
We concluded that while detach/attach is appropriate for international roaming, and UE vendors may use this today to allow different capabilities for FDD and TDD modes, it is inappropriate as a means to support inter-mode mobility, as the disruption to service will be unacceptable. 
Therefore if UE vendors expect to have different capabilities for each mode (which is currently allowed for a dual-mode UE focused on only international roaming support across modes), then a mechanism or clarification is required to allow the UE to manage different capabilities without performing detach/attach for a non-roaming mobility event; 3GPP standards should not allow detach/attach to be a valid mechanism for a dual-mode UE to handle capability differences as part of a non-roaming mobility event. 

4. Comments on proposed solutions

Prior to commenting on solutions, it is worth reviewing the current situation, as summarized in the LS:

Initial UE capability reporting / idle mode mobility:

1) The UE reports its full capability according to the mode of the current serving cell. It detaches and attaches on detection of the UE capabilities / FGIs change due to inter-mode mobility; or

2) The UE reports only capabilities/FGIs commonly supported in both modes. It does not need to detach/attach during the inter-mode mobility.

NOTE:
The behavior chosen by the UE is up to UE implementation.
Connected mode mobility

1) The UE reports only capabilities/FGIs commonly supported in both modes in case the UE sets FGI30=true to indicate support for inter-mode handover.

A UE setting FGI-30 FALSE does not have to report common capabilities and may use detach/attach during inter-mode mobility; a UE setting FGI-30 TRUE should report common capabilities and not use detach/attach. As some UE vendors have indicated that they cannot accept common capabilities, the implication is dual mode UEs will likely not set FGI-30 and may use detach/attach for idle mode mobility. 
Given the identified operator scenarios for more than just international roaming support in dual-mode UEs, we believe a phased approach is appropriate to address this situation.

In the first phase RAN2 should prioritize non-ASN.1 impacting solutions for idle mode in Release 9 which are most practical for initial deployment. As identified in the RAN2 LS, for idle mode the first solution is to allow the UE to indicate UE radio capability update using TAU procedure. Thus far there is nearly full consensus in RAN2 that such a solution requires only minor clarification for Release 9; whereas the second solution would likely incur lengthy discussion as to which capabilities should be decoupled. We believe that the first solution should be reviewed by SA2 and CT1; if confirmed across RAN2, SA2, and CT1, this could provide a practical way forward for Release 9.
For connected mode, the RAN2 LS describes two options. These can be summarized as:
1. UE reports different capabilities/FGIs based on the mode of current serving cell. Minimum set of capabilities at the target cell is used until eNB requests updated capabilities from the UE. 
2. Decouple capabilities/FGIs between FDD and TDD for those features which are identified as such that support (and/or IOT status) by a dual mode UE might be different.  UE reports extended information about capabilities/FGIs of the other mode.
In addition, there has been discussion of completely decoupling the two modes by duplicating all capabilities for both FDD and TDD such that they are essentially two separate RATs. We do not believe that such duplication of all capabilities is necessary or appropriate given the outcome of the email discussion [3], which concluded only a subset of capabilities need addressing. This may seem attractive due to its simplicity from a specification perspective; however there are potential issues that should not be overlooked. Current signalling already includes some mode-specific capabilities, therefore a fully duplicated approach would result in the FDD set containing some TDD specific capabilities (and vice versa), so the meaning of TDD specific capabilities inside an FDD set would need clarifying (and vice versa). Secondly, capability exchange via X2/S1 transparent containers would need careful handling so that the target eNB knows which set is FDD and which is TDD. Additionally, there could be confusion as to which features can and cannot be different across modes (for example if a UE supports VoLTE and handover, then it is clear that some, but not all features must be the same across both modes).
In summary, our view is that all potential solutions are non-trivial and will likely require careful analysis and coordination efforts among RAN, SA, and CT. Our preference is that a connected mode solution should be targeted in a second phase, as it relates to dual-mode UEs supporting advanced services in dual mode networks. In general it should seek to minimize changes to ASN.1, and any changes should be very clearly motivated. 
Given the above, we think it is appropriate for RAN to guide RAN2 to:

· Pursue option 1 for idle mode as first priority;
· Seek solutions for connected mode that do not impact ASN.1 (option 1 is preferable), or at least limit ASN.1 changes as much as possible, and only on a feature-by-feature basis.
5. Conclusion and proposed way forward

In summary:

· A dual mode UE supporting only international roaming may indicate capabilities for the mode of attach and use detach/attach to update capabilities when changing mode as part of a roaming event;

· The recent RAN2 email discussion concluded, based on the input from all participating companies, that dual-mode UEs are likely to have at least some capabilities different per mode;
· There are clearly specified operator requirements for dual-mode UEs supporting more than just international roaming (i.e. idle and connected mode mobility without detach/attach) to work on dual-mode networks. 
Consequently, we propose that RAN agree that there is a problem and expeditiously provide guidance to RAN2 to work on appropriate solutions to close this issue such that development of a dual-mode, mobility supporting UE ecosystem is not impeded. RAN should also consider liaising with SA/SA2 & CT/CT1 on this matter due to the potential for solutions to have implications on SA & CT specifications. 

While it is not necessary for RAN to specify solutions, some key guidance should be provided to RAN2:
· RAN2 should propose appropriate clarifications and solutions for Release 9 and onwards, and changes for Release 9 should be completed in the next quarter 
· RAN2 should focus on solutions that have no or limited ASN.1 impact

· RAN2 should adopt a phased approach which at a minimum enables support of idle state mobility (cell reselection & RRC connection release with redirection) for Release 9
· If RAN2 cannot identify connected mode solutions for Release-9 within the next quarter, it is preferable to limit Release 9 solution to idle mode only, and target a comprehensive connected mode solution for Release 10
The following table summarizes our understanding of the situation and proposed way forward for each phase:
	Timeline
	FDD/TDD Capability differences allowed
	Implications for dual-mode UEs / networks
	3GPP standards changes

	Today 

(Rel-8)
	· Can be completely different 

· UE uses detach/attach to update network

· Only required to be common when FGI-30 is TRUE
	· UEs support international roaming across modes

· Many UEs may not support inter-mode mobility 
· Networks not able to load balance across modes
	· None

· Accept that UEs with FGI-30 FALSE may use detach/attach & only UEs with FGI-30 TRUE guarantee mobility without detach/attach

	Phase 1
(Rel-9)
	· UE is allowed to use TAU procedure with “UE radio capability update” following idle state mobility event
	· UEs (with FGI-30 FALSE) and networks can support load balancing of “best-effort” services when in idle state (Connection Release w/ Redirection and Cell Reselection)
	· Allow TAU procedure with “UE radio capability update” following an inter-mode mobility event and restrict usage of detach/attach (remove restriction in TS23.401)

	Phase 2
(Rel-9 or 10)
	· UE with FGI-30 TRUE is allowed different capabilities
	· UEs and networks can support load balancing of “real-time” services in connected state (RRC Connection Reconfiguration)
	· Define minimum set available on the other mode; OR 
· Allow ASN.1 changes to enable some capabilities to be per-mode


References

[1] RP-111413, LS on Capability handling of LTE TDD and FDD modes, TSG RAN WG2 (R2-116557)
[2] R2-114816, Report of 3GPP TSG RAN WG2 meeting #74, ETSI MCC

[3] R2-116318, Report of email discussion [75b#35], Qualcomm Incorporated

[4] R5-115781, Response LS on Handover support between LTE FDD and LTE TDD, TSG RAN WG5

[5] R2-115468, Capability handling for dual mode UEs (FDD/TDD), Clearwire
[6] R2-116037, E-UTRA capability handling for dual mode UEs (FDD/TDD), Clearwire
1

