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Introduction
During a RAN2#79 discussion, there was some confusion on the meaning and possibility of omitting featureGroupIndicators. The initial logic related to the Rel-8 FGIs was introduced a long time ago, and it has been inherited without modifications for Releases 9, 10 and 11. 
Further FGIs were introduced in releases 9 and 10, and new mode specific FGIs were introduced for FDD and TDD mirroring all the FGIs for all the releases.
It is time to re-validate the logic for omitting these fields.  Tables 1 and 2 summarize the current status and the effectively only proposed change in blue:

	Rel-X UE capability reporting
	Network interpretation

	FGI-rX
	FGI-rX-FDD
	FGI-rX-TDD
	

	Included
	Not included
	Not included
	The common FGIs apply to both FDD and TDD.

The per mode FGIs apply to the related mode only.

	Included
	Included
	Not included
	

	Included
	Not Included
	Included
	

	Other combinations
	Not allowed


Table 1: FGIs and UE of the same release
	Rel-(X + i , i>=1) UE capability reporting
	Network interpretation

	FGI-rX
	FGI-rX-FDD
	FGI-rX-TDD
	

	Included
	Not included
	Not included
	Same as for Rel-X.

	Included
	Included
	Not included
	

	Included
	Not Included
	Included
	

	Not included
	Not Included
	Not Included
	Current standard: Foreseen, but not allowed.
Proposed: The UE supports all features in the FGI-rX for both FDD and TDD.

	Other combinations
	Not allowed


Table 2: FGIs of a release prior to the UE's release
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Background
Ignoring the "how" and the "why", the last frozen Release (10) of 36.331 supports the following nine FGI tables, each of 32-bits:

· Rel-8 FGIs 1-32. Only 1-30 are currently defined:
1. FGI-r8: Common to LTE FDD and TDD

· In featureGroupIndicators
2. FGI-r8-fdd: Related to LTE FDD only 

· In fdd-Add-UE-EUTRA-Capabilities-r9. featureGroupIndicators-r9
3. FGI-r8-tdd: Related to LTE TDD only

· In tdd-Add-UE-EUTRA-Capabilities-r9.featureGroupIndicators-r9
· Rel-9 FGIs 33-64. Only 33-36 are currently defined:
4. FGI-r9: Common to LTE FDD and TDD

· In featureGroupIndRel9Add-r9
5. FGI-r9-fdd: Related to LTE FDD only 

· In fdd-Add-UE-EUTRA-Capabilities-r9.featureGroupIndRel9Add-r9
6. FGI-r9-tdd: Related to LTE FDD only 

· In tdd-Add-UE-EUTRA-Capabilities-r9.featureGroupIndRel9Add-r9
· Rel-10 FGIs 101-132:

· Only 101-116 are currently defined.
7. FGI-r10: Common to LTE FDD and TDD

· In featureGroupIndRel10-r10

8. FGI-r10-fdd: Related to LTE FDD only 

· In fdd-Add-UE-EUTRA-Capabilities-v1060.featureGroupIndRel9Add-r9
9. FGI-r10-tdd: Related to LTE FDD only 

· In fdd-Add-UE-EUTRA-Capabilities-v1060.featureGroupIndRel9Add-r9
In this paper, we will not discuss the mode specific capabilities as their inclusion/omission is well documented in the procedural text of 36.331. 
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Discussion
Since Rel-8, the RRC specification has always mandated in Annex B.1:
S1-Rel8: If the optional field featureGroupIndicators is not included by UE supporting future release, the network may assume that UE supports all features listed in Table B.1-1 and deployed in the network.

A few lines above that, there is a requirement that explains why this line does not apply to Rel-8 UEs:

S2-Rel-8: In this release of the protocol, the UE shall include the field featureGroupIndicators in the IE UE-EUTRA-Capability.

The above logic is complete and correct:
Observation 1: Per S1-REl-8, a later release UE will be able to omit the featureGroupIndicators and Rel-8 networks shall interpret the omission as an indication that the UE supports all the FGIs of Rel-8.

If a network today doesn't abide by Observation 1, there is no need to panic, as this situation cannot happen today. No UE should omit the featureGroupIndicators as FGIs 31 and 32 of Rel-8 are not defined yet. Because if a UE were to omit the featureGroupIndicators, a future network implementation may assume that the UE supports some features, while the UE is not even aware of them.

If RAN2 never finds a use for FGIs 31 and 32, RAN2 should one day explicitly void them, to allow future UEs to take advantage of Observation 1.

Proposal 1: No UE can omit the featureGroupIndicators until all FGIs have been defined or voided.

However, all networks should comply with Observation 1 today, because we cannot predict when a newer release will allow this behavior. And, we can't expect all networks to be updated instantly when a future UE starts omitting the Rel-8 FGIs. 
Proposal 1 will provide enough time for non-compliant networks to adapt, if they exist. We have time until we define LTE FGIs 31 and 32.

Proposal 2: All networks, starting today, shall start implementing the logic of Observation 1, as it is not realistic to introduce the logic in the network worldwide, when a UE of a future release will start omitting the featureGroupIndicators. 

The same logic should apply to the FGIs of Rel-10 and 11.

Proposal 3: The logic of omitting the FGIs shall apply equally to Rel-8, Rel-9 and Rel-10 FGIs.
Let us examine how the Rel-8 sentences S1-Rel8 and S2-Rel8 have evolved in Rel-9:

S1-Rel9: If the optional fields featureGroupIndicators or featureGroupIndRel9Add are not included by a UE of a future release, the network may assume that all features pertaining to the RATs supported by the UE, respectively listed in Table B.1-1 or Table B.1-1a and deployed in the network, have been implemented and tested by the UE.

S2-Rel-9: In this release of the protocol, the UE shall include the fields featureGroupIndicators in the IE UE-EUTRA-Capability.

The evolution of these sentences seems to have been done without consideration of the original intention of the specification, and without examining the cross operation of different release. 

Indeed, per today's specifications:

· If a Rel-9 UE omits the featureGroupIndicators, a Rel-8 network will assume that the UE supports all the FGIs. (S1-Rel-8)
· If a Rel-9 UE omits the featureGroupIndicators, the behavior of a Rel-9 is not defined. The Rel-9 network expects the Rel-9 UE to include the featureGroupIndicators.

Arguably, since Rel-9 UEs are mandated today to include featureGroupIndicators, the above doesn't apply yet. But, there is no reason to preclude future Rel-9 UEs that support all the Rel-8 FGIs to omit the Rel-8 featureGroupIndicators. One could delay the adoption of this logic to Rel-10, Rel-11, or Rel-12, but similar issues apply to Rel-9 FGIs and to Rel 10 FGIs in Releases 10 and 11, respectively. 

Proposal 4: Agree that future Rel-9 UEs will be able to omit featureGroupIndicators once they support all the FGIs. Similarly, future Rel-10 UEs will be able to omit featureGroupIndRel9Add, and future Rel-11 UEs will be able to omit featureGroupIndRel10. 
It is a basic design principle that all networks understand the same capabilities, in the same manner. 

Proposal 5: Agree that the UE capabilities need to be understood uniformly by networks of different releases.

The above proposals are implemented in the CRs [1], [2] and [3]. However, if there are concerns of phasing in the logic in the network, we could delay the introduction of certain changes to later releases. That would require input from the network vendors.
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LS to RAN5
Proposal 6: Any agreements need to be communicated to RAN5. 
For example a Rel-10 UE (or of later release), which has IOT-ed all the features associated with FGIs 33-64, shall be able to pass the “Test procedure sequence” in section 8.5.4.1.3.2 of 36.523-1 by either:

· Omitting the field featureGroupIndRel9Add in the IE UE-EUTRA-Capability-v9a0, or
· Including the field featureGroupIndRel9Add in the IE UE-EUTRA-Capability-v9a0 and setting all the FGIs to ‘1’s.

5
Conclusion 
Per REl-8, a later release UE will be able to omit the featureGroupIndicators and Rel-8 networks shall interpret the omission as an indication that the UE supports all the FGIs of Rel-8. However, the specification is heading towards never allowing a UE to omit the Rel-8 FGIs, because we are inheriting text that is creating ambiguity for the networks.

 RAN2 is asked to adopt or phase in the following proposals:
Proposal 1: No UE can omit the featureGroupIndicators until all FGIs have been defined or voided.

Proposal 2: All networks, starting today, shall start implementing the logic of Observation 1, as it is not realistic to introduce the logic in the network worldwide, when a UE of a future release will start omitting the featureGroupIndicators. 

Proposal 3: The logic of omitting the FGIs shall apply equally to Rel-8, Rel-9 and Rel-10 FGIs.

Proposal 4: Agree that future Rel-9 UEs will be able to omit featureGroupIndicators once they support all the FGIs. Similarly, future Rel-10 UEs will be able to omit featureGroupIndRel9Add, and future Rel-11 UEs will be able to omit featureGroupIndRel10. 
Proposal 5: Agree that the UE capabilities need to be understood uniformly by networks of different releases.

Proposal 6: RAN2 agreements need to be communicated to RAN5. 
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