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1 Introduction
The objective of this discussion paper is to explain Qualcomm's view on the appropriate design for the technical solutions mentioned during the discussion of the email discussion [76#36]:

[76#36] - LTE: Handling of FDD/TDD capabilities [QC]

-
Discuss how to realize handling of FDD/TDD capabilities. 
-
This email discussion will only be kicked-off after the RAN-54 if RAN agrees that a solution is needed.

-
See LS to RAN in R2-116557. 

-
Note that solutions other than those listed in the LS may be discussed
=>
Intended outcome: Email discussion report and CRs if considered needed
2 Background

The RAN-54 plenary has indeed addressed this topic and consequently sent an LS to RAN2 (reference) with these conclusions:

(a) 3GPP RAN believes that the issue discussed in the incoming LS does exist, i.e. UEs may have some different capabilities/FGI settings for LTE FDD and for LTE TDD modes, e.g. in the areas related to inter-RAT support.

(b) 3GPP RAN recognized that the issue is time sensitive, and agreed that a full mobility solution would be needed for idle mode and connected mode, preferably within the next quarter, and from Rel-9 onwards as no inter-mode mobility use case for “dual duplex mode” UEs was identified for Rel-8.

(c) 3GPP RAN expects RAN WG2, and RAN WG1 where necessary, to identify a “subset of UE capabilities and FGIs that is allowed to be different for dual duplex mode UEs”. 3GPP RAN #55 will take the final decision on this subset. Note that RAN1 and RAN2 should consider features of all Releases for this, including Release 8.

(d) 3GPP RAN also expects RAN WG2 to develop a solution that can address the above case of UEs having some different capabilities/FGI settings for LTE FDD and for LTE TDD modes. The flexibility of this solution will be limited by the subset of point (c). 
(e) 3GPP RAN kindly asks SA WG2 to assist RAN2 where necessary on the idle and connected mode components of the issue.
(f) CT1 is kindly asked to take note of this important work, given that, depending on the solution, there may also be some changes needed to their specifications
The plenary also formulated these requests:

To RAN1 and RAN2: RAN asks RAN2, and RAN1 where necessary, to identify a “subset of UE capabilities and FGIs that is allowed to be different for dual duplex mode UEs”, and feed back to RAN #55

To RAN2: RAN kindly asks RAN2 to 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 is allowed to be different for dual duplex mode UEs”.
To SA2: RAN kindly asks 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.

3 Guidelines
We derive the following preferences, inline with the plenary's guidances:

(a) 3GPP RAN believes that the issue discussed in the incoming LS does exist, i.e. UEs may have some different capabilities/FGI settings for LTE FDD and for LTE TDD modes, e.g. in the areas related to inter-RAT support.
( Preference: Adopt a solution.
(b) 3GPP RAN recognized that the issue is time sensitive, and agreed that a full mobility solution would be needed for idle mode and connected mode, preferably within the next quarter, and from Rel-9 onwards as no inter-mode mobility use case for “dual duplex mode” UEs was identified for Rel-8.
( Preference: Adopt a solution for idle mode immediately.
(c) 3GPP RAN expects RAN WG2, and RAN WG1 where necessary, to identify a “subset of UE capabilities and FGIs that is allowed to be different for dual duplex mode UEs”. 3GPP RAN #55 will take the final decision on this subset. Note that RAN1 and RAN2 should consider features of all Releases for this, including Release 8.
( Preference: Discuss and liaise to RAN a preference on a “subset of UE capabilities and FGIs that is allowed to be different for dual duplex mode UEs”. 
(d) 3GPP RAN also expects RAN WG2 to develop a solution that can address the above case of UEs having some different capabilities/FGI settings for LTE FDD and for LTE TDD modes. The flexibility of this solution will be limited by the subset of point (c). 
( Preference: Adopt a solution with a flexibiliy limited to the subset of point (c).
4 Idle Mode
In idle mode, in case the UE capabilites are different between the FDD and TDD modes, with the current specifications, the UE has the choice to implement one of the two following behaviors:
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. However, the overall feature set may be degraded,  even when some of the features are supported in one or the other of the two modes.
Since the urgent need is to address the idle mode mobility, the solution should be simple to implement for both the UE and for the network. Additionally, it would be advantageous if this solution does not require ASN.1 changes. 

The email discussion 75b35 listed 4 possible options for supporting idle mode mobility without ASN.1 changes, where two of them side stepped the problem by assuming commonality of features between FDD and TDD. The other two solutions were:

- Previous Proposal 75b35.A.03: Signalling two capability sets, with Implicit signalling as described in [11].

- Previous Proposal 75b35.A.04: Reconsider SA2/CT1's decision not to allow the release 8 UE to update its capabilities as part of an inter-mode mobility event in RRC IDLE. May require an update to 36.331 as well.
From the past RAN2 discussions, the proposal 75b35.A.03 did not have much support as it relied on implicit interpretations of which container applied to which mode (FDD vs TDD).

Thus, we are left with only one solution that is feasible in the short term:

Proposal 1: Agree that the capability update when idle mode mobility occurs between FDD and TDD should be addressed by allowing the UE to perform a Tracking Area Update indicating "UE radio capability update".

The basic way this can work is shown in Figure 4‑1.
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Figure 4‑1 Idle Mode Mobility Solution

However, it is our understanding that, for the purpose of updating the UE capabilities, an RRC release and subsequent setup is not required from the RRC point of view. This point should be mentioned in the LS to SA2/CT1, where they can discuss other reasons for having this discontinuity in the RRC Connection.
Proposal 2: Send an LS to SA2/CT1 explaining RAN2's preference for the idle mode mobility, and mentioning that if the TAU update is agreed, then an RRC connection discontinuity is not needed from the point of view of RAN2.

5 Connected Mode

In connected mode, in case the UE capabilites are different between the FDD and TDD modes, with the current specifications, the UE has the choice to implement one of the two following behaviors, when the UE indicates the support for inter-mode handover (FGI30=true):

1)
The UE reports only capabilities/FGIs that are commonly supported in both modes. The overall feature set may be degraded,  even when some of the features are supported in one or the other of the two modes.

Or

2)
Assuming the handover is successful despite the difference in capabilities, the UE performs a detach/attach causing unnecessary service interruption.

However, since the next immediate use case is the deployment of VoIP services which will require service continuity upon handover between modes, it is not desirable for the UE to perform a detach/attach upon redirection because that will disrupt the voice and data services.
Qualcomm has shown a solution that requires minimal ASN.1 impact, and is very flexible in [reference]. Sending all the UE FDD and TDD capabilities in parallel will allow two things:
1- A conlcusion on the technical solution and the related ASN.1 changes [reference].  
2- More time to discuss which capabilities are the same and which are different. (see discussion R2-120297). The status of this discussion can be sent to the plenary where the final decision(s) will be made.

If the network can query and pass both the UE capabilities, there is no need to change the current handover procedures shown in Figure 5‑1. 
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Figure 5‑1 Connected mode mobility between FDD and TDD
Proposal 2: Agree on sending two sets of UE capabilities, as described in [19].

6 Overall Picture

While most of the discussions have focused so far on the boxes marked with yellow below, for the completeness of the standard, we would also like to discuss and agree on the rest of the scenarios shown in Table 6-1:
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Table 6‑1 UE Implementation options to support mobility between the FDD and TDD modes of E-UTRA
 (*) In case there is a mismatch between the capabilities of the source and the network, we assume that the capable network will understand and adapt the UE capabilities according to the capabilities of the network of the other mode.

Proposal 3: For a UE with different capabilities between FDD and TDD, and not supporting the enhanced capabilities signalling, if the UE sets FGI30=TRUE, the UE shall report a common set of capabilities using the existing capability container. During idle mode mobility and connected mode mobility between FDD and TDD modes, the UE takes no additional action (ie beyond what is already required by the specification for other reasons).
Proposal 4: For a UE with different capabilities between FDD and TDD, and not supporting the enhanced capabilities signalling, if the UE sets FGI30=FALSE, the UE should report a mode-dependent set of capabilities using the existing capability container. During idle mode mobility between FDD and TDD modes, the UE should perform a TAU to indicate a change in its capabilities.

Proposal 4a: Confirm that Proposal 4 is not a "shall" requirement because it is a late change to a frozen release. The UE may report a common set of capabilities using the existing capability container. The UE may (but should not) perform a Detach/Attach procedure.
Proposal 5: For a UE with different capabilities between FDD and TDD, and supporting the enhanced capabilities signalling, in a network supporting the new UE capability signalling, the UE shall use the new UE capability signalling. During idle mode mobility and connected mode mobility between FDD and TDD modes, the UE takes no additional action (ie beyond what is already required by the specification for other reasons).

Proposal 6: For a UE with different capabilities between FDD and TDD, and supporting the enhanced capabilities signalling, in a network not supporting the new UE capability signalling, if the UE sets FGI30=TRUE, the UE shall report a common set of capabilities using the existing capability container, and report the extended capabilities using the new UE capabilitiy signalling. During idle mode mobility and connected mode mobility between FDD and TDD modes, the UE takes no additional action (ie beyond what is already required by the specification for other reasons).

Proposal 7: For a UE with different capabilities between FDD and TDD, and supporting the enhanced capabilities signalling, in a network not supporting the new UE capability signalling, if the UE sets FGI30=FALSE, the UE should report a mode-dependent set of capabilities using the existing capability container, and report the extended capabilities using the new UE capabilitiy signalling. 
-During idle mode mobility between FDD and TDD modes, the UE should perform a TAU to indicate a change in its capabilities, if the target network does not support the new UE capability signalling.
-During idle mode mobility between FDD and TDD modes, the UE should not perform a TAU, if the target network does support the new UE capability signalling.
Proposal 7a: Confirm that Proposal 4 is not a "shall" requirement because it is a late change to a frozen release. The UE may only report a common set of capabilities using the existing capability container. The UE may (but should not) perform a Detach/Attach procedure.

Proposal 8: In case the UE capabilities are on par between FDD and TDD, the UE shall not use the new UE capability signalling. During idle mode mobility and connected mode mobility between FDD and TDD modes, the UE takes no additional action (ie beyond what is already required by the specification for other reasons).
7 Conclusion

The discussion on FDD and TDD is presented again under different UE and network capabilities. It is proposed to discuss and agree on the proposals made in this contribution.
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