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1. Introduction
Some discussion has occurred in recent RAN2 meetings regarding the potential for a UE to have a different set of IoTed capabilities for FDD and TDD modes and the impact this might have on dual mode UE capability signalling. 
While Clearwire has not been actively involved in the discussions up until now, we have been tracking these discussions over the recent meetings and, as we plan to be involved in the operation of a dual mode LTE network, we would like to provide our views from the perspective of a dual mode operator on this subject.

This document therefore starts by providing some operator input regarding dual mode network scenarios, revisits the problem statement from our perspective, and provides some points on approaches that could be adopted to enable appropriate capability handling in both Release 8 and beyond networks.

2.
Dual mode usage scenarios 
A number of operators in Europe own spectrum for LTE FDD as well as LTE TDD and the intention to deploy dual mode networks has been announced. In the US a number of operators have deployed LTE FDD networks and Clearwire has announced its intention to deploy 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 Asia it is also expected that some LTE TDD only networks will be deployed, and in other countries LTE FDD only networks will be deployed.

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 it can be concluded that the following use case scenarios exist for a dual mode UE based on expected network deployment scenarios:

· International roaming support: Can attach in FDD or TDD mode. Does not support inter-mode mobility so capabilities include only FDD bands or TDD bands, depending on mode of attach.

· Basic dual mode network support: 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. If support for handover is indicated (FGI bit 30), then IoTed capabilities must be the same across modes.

· Full dual mode network support: 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.

It is our expectation that basic dual mode network support is sufficient in early stages for 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. These types of functions should be available for a dual mode Release 8 UE.

In the future full dual mode network support will enhance the user experience, especially when support for VoLTE and other real-time services is introduced over LTE. These types of functions should be available for a dual mode Release 9 and beyond UE.

3. Problem statement

As reported in the minutes of RAN2#73bis [1] regarding the discussion on UE capability for FDD and TDD [2], it is assumed that all currently indicated capability bits apply to both modes. This implies that a dual mode UE that attaches to a network indicating capability of both FDD and TDD bands must indicate capabilities that can be supported across both modes, and if for some reason a feature is only available (IoTed) on one mode, that feature cannot be indicated as being supported.
A number of UE vendors are reporting that feature and capability parity may not be possible across modes [3], and hence the current situation means that if a mechanism is not available for the UE to indicate different capabilities on each mode, then the UE may have to “downgrade” support of certain features available only in one mode.

While in theory one way around this could be to allow the UE to trigger a capability update via NAS by using the tracking update procedure after an inter-mode mobility event (see TS 36.331 excerpt), according to Stage 2 specification (Section 5.11.2 of TS 23.401 and excerpt below), the only way a UE can change and update its capabilities is to detach and reattach to the network. 
Excerpt from TS 36.331

If the UE has changed its E-UTRAN radio access capabilities, the UE shall request higher layers to initiate the necessary NAS procedures (see TS 23.401) that would result in the update of UE radio access capabilities using a new RRC connection
Excerpt from TS 23.401

NOTE 5:
In this release of the specifications, "UE radio capability update" is only supported for changes of GERAN radio capabilities in ECM-IDLE. Any change in the UE's E‑UTRAN capabilities requires the UE to detach and then re-attach to the system.

Whether the requirement to indicate a common set of capabilities causes a problem needs to be considered in the context of a dual mode network operator, and it depends on what problems UE vendors see with feature parity in a Release 8, 9, 10, etc dual mode UE given operator requirements and timelines. It could be possible that it is completely acceptable to a network operator, but this is entirely dependent on the scope of any “downgrade” that occurs.
4.
Providing basic support in Release 8
As mentioned in Section 2, it is assumed that basic dual mode network support should be provided in Release 8. This means a dual mode UE should be able to support at a minimum RRC connection release with redirection (with load balancing TAU, if necessary), and possibly support handover. To make either effective for load balancing, inter-mode measurements should be supported for a UE that indicates support of both FDD and TDD bands; otherwise the network has no knowledge if a redirect will be successful.

When the network uses RRC connection release with redirection the source network will make no assumption about features supported on the target mode. If there is some doubt about critical feature support on the target network for optional features then the offload should not be initiated. 
As RRC redirection involves a transition to RRC IDLE and the UE to establish RRC connection at the target eNB, it seems very reasonable to allow the UE to initiate a capability update, if it really is required. In general it would seem reasonable for any inter-mode mobility event in RRC IDLE to be a trigger for the UE to update its Release 8 capabilities, if it is really required. 
Therefore if UE vendors indicate that a Release 8 UE may have different IoTed features across modes, that unless some critical issue can be identified, SA2 should clarify in TS 23.401 that capability update can be allowed if a dual mode UE changes mode and performs a Tracking Area Update with “UE radio capability update” or if the UE receives an RRC UE Capability Enquiry message after a NAS Service Request (indicating the network does not know the UE capabilities). 
However some examples of Release 8 features that are expected to be at different IoT status across modes should be provided first, so that operators can analyse if this causes a problem if one mode is downgraded rather than a change of capabilities in RRC IDLE being allowed.
If a UE sets FGI bit 30 then it should indicate the features that have been IoTed across both modes; otherwise it indicates the features for the mode which it attaches in. While this may cause a “downgrade” of certain Release 8 features, in the early stages of deployment, this should be acceptable for a dual mode network operator. No change of capabilities should be allowed while in RRC CONNECTED as the potential case exists where the UE has already changed capabilities as part of the mode change, but has not been able to inform the network. This could lead to the target network trying to use features that are not supported. 

Providing this level of basic support in Release 8 through clarifications of behaviour provides a pragmatic way forward for operators to deploy dual mode networks, facilitating basic load balancing from FDD to TDD, or vice versa, without impact to ASN.1. Any changes to allowed behaviour in RRC IDLE should be motivated based on UE vendors indicate Release 8 features that will not be at IoT parity in dual mode devices and network operators indicating that the approach of a common minimum feature set causes a problem for them.
5.
Enhancements in Release 9

This section discusses how the basic clarifications discussed for Release 8 can be enhanced. It is worth noting that the problem of supporting different capabilities for FDD and TDD is already partially solved in Release 9 and 10 as a number of new features have either band specific capability definition or have separate fields for FDD and TDD support. This will enable development of advanced features to differ across bands and modes, so this part of the discussion is essentially regarding the legacy capabilities that are currently common across modes. 

Prior to deciding to adopt any enhancements, UE vendors in RAN2 should first conclude that there really is going to be a problem with IoT feature parity in Release 9 and beyond given that dual mode networks will be deployed and dual mode network operators will be looking to feature parity. 
If lack of feature IoT parity still exists for Release 9 UEs for capabilities that are mode agnostic at present, then it could be considered beneficial to provide an optional mechanism for such UEs to indicate the features supported on each mode. 

However it is not expected that UEs shall have to use this; UEs that provide feature parity should not be impacted. It is expected that lack of feature parity should be a short-term issue that will be resolved with ecosystem maturity. Enhancements in Release 9 should not allow a path where the two modes evolve into two different RATs; instead the goal should be for the ecosystem to converge rather than diverge with maturity.

In general any changes should be considered as a temporary mechanism to enable the following while feature IoT parity is still in progress:

1) Usage of advanced features that are supported on one mode, but not yet supported on the other 
2) Source network to optionally determine if offload of a certain UE is practical based on feature support on the other mode, if features are different
Based on the RAN2 discussion so far, it seems the potential approaches, taking the above into account, are to enable a release 9 UE to optionally report either: 1) additional bits for features that are different across modes (bits would need to be identified and defined; is consistent with current Release 9/10 approach adopted for new features); 2) two FGI sets: one pertaining to FDD bands and the other to TDD bands (if the problem is just about FGI capabilities; second FGI set could be provided by extension to UE-EUTRA-Capability IE); 3) two capability sets for E-UTRA: one containing FDD bands and the other TDD bands (i.e two UE-EUTRA-Capability IEs). 
While we have no strong opinion on the exact mechanism developed in Release 9 and beyond, it should be the most appropriate. Therefore, before any changes are made to IEs, messages or behaviour, it should be clearly identified what the scope of the differences are expected to be by UE vendors. This will ensure that the chosen solution is not over burdensome in implementation and signalling, and is consistent with the approach adopted for managing new features in Release 9 and 10. 
In addition the UE should not be mandated to use the enhancements, and they should only be allowed in the case:

1) The network requests the UE to indicate additional bits, multiple FGI sets or multiple E-UTRA capability sets (whatever the chosen solution is);

2) The UE has different capabilities across modes 

To enable this, an extension to the Capability Enquiry message could be provided that enables the network to request per mode capability, if needed. Then the UE can simply construct the appropriate IE(s), if it needs to, otherwise it can respond with one set and the network knows that the capabilities are common across modes.

If the Release 9 UE that has different capabilities is not requested to report both then (i.e. connecting to a Release 8 network or a single mode network) its behaviour is as per the proposed Release 8 clarifications: If it sets bit 30 then it must report a capabilities supported in both modes; if it doesn’t set bit 30 it reports capabilities for the mode in use.

In summary, such an approach preserves legacy behaviour and provides a mechanism whereby there is no impact when feature parity is achieved. Before any changes are made, they should be clearly motivated by a UE vendor expectation of lack of parity, given there will be dual mode network operators will be driving towards parity across modes.
6.
Other considerations

There are some other considerations that may need discussion in RAN2 as part of any proposed solution:

· RAN5 uses FGI bits in determining test case applicability in the ICS (TS 36.521-2 and TS 36.523-2), so for any one TC, RAN5 may need to clarify that TC applies for FDD mode if FGI bit in any FDD specific IE is set and TDD mode if FGI bit in any TDD specific IE is set. Therefore we need to be cognisant of the impact of the chosen approach on RAN5 ICS.
· Bit 25 in a dual mode UE should still indicate that measurements across modes are supported. A UE indicating support for both FDD and TDD bands should support this, as it is anticipated that blind redirection will not be a very effective feature for supporting load balancing.
· During handover the source eNB sends the capability information to the target eNB using the transparent container over X2 or S1. Therefore the capability format must be unambiguous so that the target eNB, that could be the same or different duplex mode, knows which capability bits pertain to FDD and which bits pertain to TDD capabilities.
7.
Conclusion
In conclusion it is proposed that RAN2 take into consideration the views provided in this contribution when discussing potential capability related changes to specifications. In particular, a solution should be prioritized for Release 8, where dual mode UEs are supported by current specifications and under development for use on dual mode networks.

In summary, we would like to propose that the following points are considered in the on-going RAN2 discussion:
1) RAN2 clarifies the situation for Release 8 as a priority, before developing any signalling enhancements in later releases, in particular discuss whether it should be clarified in release 8 that setting FGI bit 30 means the capabilities must be common across modes and that the implications of this, if any, should be accepted by operators
2) Whether a release 8 UE should be allowed to update its capabilities as part of an inter-mode mobility event in RRC IDLE – need UE vendors to indicate which Release 8 capabilities are not expected to be at parity across modes and identify the exact problem. This should also be resolved as a priority.
3) That the long-term goal is feature parity and not allowing divergence of FDD and TDD feature support for mode agnostic features (i.e. they should remain as modes of a RAT, and not start to look like two different RATs)

4) That any enhancements to enable a UE to report different capability sets should be based on clear examples of issues where parity is not expected in Release 9, so that the most appropriate mechanism can be developed 
5) That if enhancements are developed that a Release 9 UE should not be mandated to support separate reporting of FDD and TDD capabilities - the UE should only report per mode sets if the network requests it and the UE needs to report two sets. 
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