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1
Introduction
During the RAN2 meeting #75 [1], it was decided to have an e-mail discussion (discussion number: 75#32, see [2] for e-mail discussion summary), about whether it was seen feasible or necessary to duplicate FGI bits for dual mode UEs. Several companies expressed the opinion that this would be useful for IOT purposes, although there were also companies who thought it would not be necessary. 
2
FGI handling for single mode UEs
For single mode UEs, the FGI handling is simple: UE indicates the IOT-tested features to the network and since the UE only supports a single mode, the network should never order a handover/redirection to a network utilising mode that the UE does not support. Given that the FGI handling under discussion is irrelevant for single mode UEs, we think that if it is decided that FGI handling will be different for dual mode UEs, it would still be reasonable to avoid any changes to single mode UE operation.
Proposal 1: Regardless of the solution chosen, single mode UE operation should remain unchanged.
3
FGI handling for dual mode UEs
Let us now consider a dual mode UE, i.e. UE that supports both TDD and FDD modes. In the RAN2 e-mail discussion [2], the following questions were posed:
0. Whether separate IOT tests (both for FDD and for TDD) are required for a feature group transparent to FDD/TDD mode; 
1. Whether a mechanism to separate FDD FGI and TDD FGI is required;

2. If the answer to the first question is yes, what kind of mechanism should be adopted?
3. Which feature groups are subjected to separate reporting?
4. From which release the mechanism should be adopted?

We consider these questions in the following sections.
3.1
Separating FGI indications for TDD/FDD modes
3.1.1
Separation of FGIs and IOT effort
Considering the questions 0-1 (see section 2), we think that the separation of FGIs for TDD and FDD should be allowed for IOT reasons. It is difficult to predict how practical deployments of networks will happen, and how easily each feature can be tested. Since single mode UE implementations will in all likelihood anyway come before any practical dual mode UE implementations, it is clear that separate testing for TDD and FDD will happen. Further, even if the FGIs are separated, there would be no effect to existing single mode TDD or FDD networks or single mode TDD/FDD UEs.
Observation 1: Separating FGI indication for TDD/FDD would not cause any impact to single mode TDD/FDD networks or single mode TDD/FDD UEs.

One clear issue if separate FGIs for TDD/FDD are not allowed is UE capability downgrading: Assume that a UE operating as single mode FDD modem would support all FGIs, but the same UE, operating as single mode TDD, would only support 90% of the features. If the FGI indications are not separated (i.e. the current mechanism), this would in practice mean that the UE would be forced to indicate only those FGIs that are supported by both TDD and FDD, which would result in less functionality for the single mode usage. In practice, since UE is anyway always operating in one system at a time, the UE performance in the better-supported network would not be optimal.
Note also that separating the TDD and FDD FGIs would not mean more testing: Even with the current FGI mechanism, a dual mode UE would still have to be IOT tested with both TDD and FDD networks. Hence, we propose that the FGIs should be separated for dual mode UEs.
Proposal 2: Separation of FGIs for TDD and FDD modes should be allowed for dual mode UEs.
3.1.2
Mechanism for separation 
The simplest way to do the separation would be to duplicate the FGI indications for TDD/FDD. This would probably not be the optimal way, but would best avoid any problems arising later on. Further, it would save time as there would not be a need to discuss exactly which FGI bits absolutely need to be separated, and which can be left common. Duplicating the bits would not cause a big increase in signalling overhead since the UE capabilities are only reported when UE attaches to the network, which doesn’t typically happen that often. It would also make both the eNB and UE implementation easier if the indications were separated, as eNB could easily separate the usage of the two modes and the UEs could just indicate exactly those FGI bits that have been IOT-tested against TDD/FDD. Hence, we propose that all FGI bits could be separated.
Proposal 3: All FGI bits should be separated for dual mode UEs.

3.2
Separation of UE capabilities for TDD/FDD modes
3.2.1
Optional features 
As mentioned during [2], we think that optionally supported UE capabilities could also be separated for TDD/FDD modes.
Proposal 4: Dual mode UEs should also indicate the support of optional features separately for TDD/FDD.

3.2.2
Support of different TDD/FDD releases for dual mode UEs
One important issue related to the dual mode UEs was not handled during the e-mail discussion: Separation of the TDD/FDD mode capabilities in general, i.e. whether it should be possible to separate the TDD/FDD parts so that e.g. TDD could indicate Rel’8 UE capabilities and FDD could indicate Rel’9 UE capabilities.
The main motivation for supporting different TDD/FDD releases for a dual mode UEs would be to allow independent development also for dual mode terminals. For example, assume that Operator A in Europe or US would like to have devices that support Rel10 CA and same time support TD-LTE for roaming reasons. If releases are not independent this UE would need to support Rel10 TDD, all mandatory features plus ASN.1 extension. What if there is no TD-LTE Rel10 networks where you can test those?  Same can happen vice versa. LTE TDD and FDD are at least currently driven by different regions and operators thus the speed of introducing features can be totally different, but it would be clear LTE benefit to have real dual mode terminals for global operation.

Again the network complexity addition would only come in case that network supports same time both FDD and TDD
We think this would need some further discussion, but briefly, the pros and cons are:
· Pros: Flexibility, makes it easier to have dual mode UEs,
· Cons: Small complexity increase in network
Regarding additional eNB complexity, we think the effect should be very minor: A Rel’10 network will anyway have to be able to support Rel’8 UEs (and vice versa), so the effect would be limited to handling of the UE signalling and subsequent information flow. 
For example, consider a Rel-10 FDD & TDD network and a UE with Rel-9 TDD capability and Rel-10 FDD capability. When such UE is operating on the FDD cell, and the network wants to handover the UE to TDD cell, the target eNB just has to take a look at the UE TDD capabilities (to decide whether the UE is applicable for handover), determine a suitable configuration for the UE and then send the chosen configuration to the source FDD eNodeB, which will send the information to the UE in a handover command. (The source-target inter-eNB information exchange can of course happen within the eNodeB if both FDD and TDD are run in the same eNodeB). Hence, the extra complexity is only relevant for the dual mode UEs, and more specifically, the part of the process where the target eNB handles the UE capabilities. And this would only be relevant for a dual mode UE connected to a dual mode network: A single mode FDD or TDD network will not see any of the extra signalling.
Proposal 5: Allow full separation of UE capabilities for TDD/FDD, including possibility for TDD/FDD modes to support features of different 3GPP releases.
3.3
Supported Release for FGI/UE capability separation

The final question in the discussion asked from which release onwards should it be supported to have the FGI/UE capability separation. We consider each possible release and list the pros and cons for each.

Note that regardless of any decision, a network supporting dual mode UEs will have to support signalling for dual mode UE capabilities. 
3.3.1
Support from Rel’8
Pros: All LTE releases support dual mode UEs (i.e. no legacy handling procedures needed)
Cons: Rel’8 ASN.1 impact (with non-critical extension), minor impact to Rel’8 networks supporting both TDD and FDD
Note that since the extension of the FGI table would be a non-critical extension for ASN.1, and only dual mode UEs would ever report the extended FGIs. Hence, all existing single mode UEs would still behave in the same way. Further, while Rel’8 networks would have to be able to handle the new signalling, the NCE ensures that in case network does not understand the signalling, the non-understood part would just be skipped.

3.3.2
Support from Rel’9 

Pros: No need to touch Rel’8 ASN.1
Cons: Rel’8 dual mode UEs would need to use single FGI table, Rel’9 ASN.1 impact (with non-critical extension) Rel’8 dual mode UE has to utilize different FGI/UE capability indication than UEs from Rel’9 onwards. 

3.3.3
Support from Rel’10 

Pros: No Rel’10 UEs exist (and hence no impact to existing UEs can happen)

Cons: Same as for Rel’9 + Rel’10 ASN.1 impact (with non-critical extension)
3.3.3
Supported release: Conclusion
Our preference would be to support the feature already from Rel’8 onwards mainly because 1) only dual mode UEs are affected and 2) doing the support from Rel’8 would cause the least amount of troubles across all releases. 

Proposal 6: The separation of FGIs should be supported from Rel’8 onwards.
4
Conclusion
We have discussed the issue of FGI/UE capability separation for dual mode UEs and made the following proposals:
Proposal 1: Regardless of the solution chosen, single mode UE operation should remain unchanged.
Proposal 2: Separation of FGIs for TDD and FDD modes should be allowed for dual mode UEs.
Proposal 3: All FGI bits should be separated for dual mode UEs.

Proposal 4: Dual mode UEs should also indicate the support of optional features separately for TDD/FDD.

Proposal 5: Allow full separation of UE capabilities for TDD/FDD, including possibility for TDD/FDD modes to support features of different 3GPP releases.
Proposal 6: The separation of FGIs should be supported from Rel’8 onwards.
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