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1. Introduction
RAN2 sent an LS to RAN#54 plenary [1] seeking guidance on E-UTRA capability handling for dual mode UEs that have different FDD and TDD capabilities during inter-mode mobility events. In RAN#54 the issue was discussed, conclusions were reached, and follow up actions were requested of RAN1, RAN2, SA2, CT1 [2]. 
This contribution provides the supporting use cases and insight into the problems identified from the perspective of an operator with TDD and FDD LTE networks. A phased solution is proposed to fully enable idle and connected mode mobility for the E-UTRAN dual-mode UE ecosystem. This discussion paper focuses on the necessary SA2 work for the initial simple and quick idle mode mobility only solution while RAN2 begins developing a more comprehensive signalling based solution adding support for connected mode mobility. 
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. When the dual mode UE with different FDD and TDD capabilities 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 per current specifications, the UE cannot update the E-UTRA UE capabilities stored in the network after attach, other than to detach and re-attach. This has negative implications if such a UE changes mode of operation as a result of a mobility event. The full situation is summarized in the LS to RAN [1] and the issue was first identified in RAN2#74, more than 9 months ago [3]. 

This issue is impacting other TSG work groups, and is impeding the development of dual mode, inter-mode UE ecosystem that properly supports inter-mode mobility. 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. 
RAN#54 recognized the problem exists and a solution is time sensitive. As a result, they requested the following actions of key WGs:
RAN1 & RAN2: 
Identify a “subset of UE capabilities and FGIs that could be allowed to be different for dual duplex mode UEs”, and feed back to RAN #55

RAN2: 
Develop a solution for Release 9 onwards, preferably within the next quarter, that can address the case of UEs having some different capabilities/FGI settings for features (from Rel-8 to Rel-10) of LTE FDD and for LTE TDD modes. The flexibility of this solution will be limited by the aforementioned “subset of UE capabilities and FGIs that could be allowed to be different for dual duplex mode UEs”.
SA2: 
SA2 to assist RAN2 where necessary in the work on the idle mode and connected mode components of the case of UEs having some different capabilities/FGI settings for LTE FDD and for LTE TDD modes.

CT1:
Take note and assist if necessary in this important work.
3. Dual-mode network operator scenarios

Clearwire highlighted  use case scenarios from the perspective of a dual-mode network operator in [5] and [6]. Reiterating the key points from earlier contributions:

In the US a number of operators have deployed LTE FDD networks and Clearwire is deploying an LTE TDD network in Band 41 to provide offload of capacity for those LTE FDD operators in areas where network capacity is limited. In Europe, and other parts of the world a number of operators own spectrum for LTE FDD as well as LTE TDD and dual mode networks are expected. 
For dual mode networks to be effective in meeting the projected growth in mobile internet demand, support of load balancing across frequency carriers will be required using mobility in RRC_IDLE and RRC_CONNECTED states between carriers and modes. In addition international roaming across modes also needs to be supported to enable a global LTE experience. 

In summary the following use case scenarios exist for a dual mode UE based on expected network deployment scenarios:

· International roaming support: UE can attach in FDD or TDD mode. Does not require support of 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.
It is our expectation that basic dual mode network support is sufficient in early deployment stages for enabling dual mode UEs to be offloaded in the case of an FDD or TDD carrier becoming overloaded, as well as enabling cell reselection back to the “preferred” mode after a transition to RRC IDLE. These types of functions should be available for a dual mode Release 9 UE. In the future, we expect the network to evolve to full dual mode support when more advanced features such as PS based voice are required.
4. Discussion on proposed solutions

RAN#54 recognized that the issue is time sensitive, and agreed that a full solution would be needed for idle mode and connected mode mobility, preferably within the next quarter [2]. In order to meet current market needs for a commercial solution, we believe a phased approach is the only practical way to address this situation. As such, we request that SA2 approve the CRs in S2-120548 and S2-120549 to enable idle mode mobility for UEs with different capabilities, while in parallel RAN2 develops a signalling solution for enabling such UEs to also optionally support connected mode mobility.
As discussed [1], [6], and [7], an idle mode only solution, which would require no NW modifications, is proposed. The UE may be allowed to use TAU procedure with “UE radio capability update” following an inter-mode mobility event. Such update has already been defined in TS 23.401, but was restricted to only GERAN capabilities. This restriction can simply be removed, enabling idle mobility support by UEs that need to update E-UTRAN capabilities. 
Per TS23.401, the TAU with a UE Radio Capability update will already cause the MME to delete its stored UE Radio Capability information, and the next S1 interface INITIAL CONTEXT SETUP REQUEST message sent to the eNB will have no UE Radio Capability information. 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. In this manner the UE capabilities are updated, using only existing messages and procedures. Figure 4.1 shows the call flow diagram.
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Figure 4.1: Call flow for TAU based solution
As described in [1] RAN2 has also been discussing a signalling solution. Correspondingly, in [2] RAN has asked RAN2 (with input and assistance from RAN1, SA2, and CT1) to identify a subset of UE capabilities and FGIs that could be allowed to be different for dual mode UEs, and for RAN2 to develop a solution. The signalling solution, once developed by RAN2, should focus on providing a capability handling solution for connected mode mobility. 
The main benefit of the TAU approach is that the cycle between specification support (minor changes to TS 23.401 and TS 24.301) and support in a commercial network will be minimal; this is due to it having no impact on the network and minimal impact on UE behavior. In contrast, the signaling solution to support RRC_CONNECTED update of UE mode dependent capabilities requires significant ASN.1 changes to be agreed in specifications, which will take time to properly analyze, define and agree across several TSG workgroups. These changes will impact MME, eNB and UE implementations in standalone and shared RAN deployments requiring a subsequent cycle of implementation updates, testing and IoT before it can be commercially introduced. 
In addition, E-UTRAN sharing architectures such as MOCN and GWCN may involve two E-UTRANs which are owned by different operators and require inter-mode FDD/TDD mobility. A signaling solution which requires an upgrade to both networks before even basic idle mode mobility is supported significantly complicates such deployments, due to the need to harmonize network updates and conduct inter-operator testing. Having to wait on commercial availability of a signaling based solution may be detrimental to development of new LTE business cases. Consequently, a solution that requires no network upgrades, permits idle mode mobility with minimal changes, while allowing the networks to be gracefully upgraded to support connected mobility is preferential, particularly in the RAN sharing scenario. 
Other network operators may operate E-UTRANs comprised of both FDD and TDD bands and may elect to not deploy dual mode UE’s until a connected mode mobility solution is available – and are able to wait on and accept a full network upgrade to support the new signaling solution. 
When the TAU and signaling solutions are deployed in a phased approach, the UE will decide which method to use, depending on what is supported. The following provides an overview of how usage of the dual mode E-UTRAN solutions may evolve:
· Rel-9 TAU based solution used at launch -  requires no network upgrade relative to existing specifications; Rel-9 dual mode UE’s supporting only idle mode mobility will not set FGI-30 and may use TAU with UE Radio Capability update after an inter-mode mobility event to update E-UTRAN capabilities. 

· Rel-9 signaling solution is developed  to include a new “signaling support” flag in the capability enquiry (or an extended flag in SIB, etc) such that the network indicates that it supports the new extended FDD/TDD capabilities signaling. 
· When the upgraded network sets the “extended signaling support” flag the dual mode UE supporting extended capability signaling is aware of network support before it reports its capabilities. The UE with different capabilities can support connected mode mobility and reports its extended FDD/TDD capabilities using the new signaling framework. In addition, it may use the extended capability signaling approach even if it only supports idle mode mobility. 
· If the UE doesn’t see the flag set or it doesn't support the new signaling solution (it won’t recognize the new flag), it continues to use the TAU procedure to support idle mode mobility only. 

5. Conclusion
We support the development of a signalling solution for dual mode E-UTRAN connected mobility which can provide a unified solution. In parallel the proposed TAU based procedure should be prioritized due to market needs for the following reasons:

1) Market Timelines: Per stated operator requirements, idle mode mobility is sufficient to meet early network deployment requirements. Per guidance from RAN, a solution is required for Rel-9 in the next quarter. The companies listed above are seeking timely commercial solutions based on idle mode mobility by Q4/2012. To meet this schedule, a simple solution is required that supports idle mode mobility without major impact to the network and the UE. As stated earlier, a TAU based solution offers this, whereas a signalling based solution does not.
2) Forward compatibility: As described above, a TAU based solution can gracefully co-exist with a more advanced signalling solution that addresses both idle and connected mobility, as and when the network operator wishes to upgrade their network to support UEs which require the more advanced functionality.
3) The proposed solution only affects dual mode E-UTRAN networks, and dual mode UEs which do not support same E-UTRAN capabilities for FDD and TDD modes. Single mode E-UTRAN networks supporting single mode UEs and dual mode UEs operating in single mode have no impact.
In summary, we propose the following phased solution:
Phase 1: SA2 to approve CRs in S2-120548 and S2-120549 to TS 23.401 to allow the UE to change E-UTRAN capabilities using TAU for Rel-9 onwards.  
Phase 2: SA2 to assist RAN2, as necessary, in the development of a signaling solution that supports connected mode mobility.
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