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1. Introduction
RAN1 identified one case where they do not think UE capability setting for FDD-TDD and FR1-FR2 differentiation is not entirely clear [1]. In this document, we review the limitation of the current UE capability signaling in terms of FDD-TDD and FR1-FR2 split and propose a solution to address the identified limitation.
2.  Discussion
In [1], RAN1 indicated as follows.
	[...] there are eight possible combinations of capability in FR1 FDD, FR1 TDD and FR2 TDD.
One such capability combination for this UE is the following.
· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported’
Some companies stated that their understanding is that this UE would indicate the following in the Rel-15 capability signalling:
· FDD support: ‘Yes’
· TDD support: ‘Yes’
· FR1 support: ‘Yes’
· FR2 support: ‘Yes’


We do not think the “understanding” mentioned in RAN1’s LS is correct. In the following table we provide our understanding on how the FDD-TDD and FR1-FR2 differentiation bits are supposed to be set in all the eight cases, based on the following understanding.
Current interpretation of UE capability bits: The feature is considered supported in a given combination of duplex mode and frequency range if the UE indicates the support in the duplex mode bit AND in the frequency range bit.
Table-1:	Current UE capability bit setting
	True UE capability
	UE capability bits

	Case 1
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported
	FDD
	Yes

	
	
	TDD
	Yes

	
	
	FR1
	Yes

	
	
	FR2
	Yes

	Case 2
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported
	FDD
	No

	
	
	TDD
	No

	
	
	FR1
	No

	
	
	FR2
	No

	Case 3
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported
	FDD
	No

	
	
	TDD
	Yes

	
	
	FR1
	Yes

	
	
	FR2
	Yes

	Case 4
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported
	FDD
	No

	
	
	TDD
	Yes

	
	
	FR1
	No

	
	
	FR2
	Yes

	Case 5
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported
	FDD
	No

	
	
	TDD
	Yes

	
	
	FR1
	Yes

	
	
	FR2
	No

	Case 6
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported
	FDD
	Not possible to express

	
	
	TDD
	

	
	
	FR1
	

	
	
	FR2
	

	Case 7
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported
	FDD
	Yes

	
	
	TDD
	No

	
	
	FR1
	Yes

	
	
	FR2
	No

	Case 8
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported
	FDD
	Yes

	
	
	TDD
	Yes

	
	
	FR1
	Yes

	
	
	FR2
	No


RAN1 indeed identified the single case that cannot be expressed by the current signaling, i.e. the case 6 above.
Observation 1:	Current UE capability signaling does not allow the UE to indicate its support for a feature in FR1 FDD and FR2 TDD while the UE does not support the same feature in FR1 TDD.
3. Potential solutions
One possible solution is to assume that FR2 is always TDD. We will look at the following new semantics.
	FDD bit
	FR1-FDD

	TDD bit
	FR1-TDD

	FR1 bit
	= FR1-FDD OR FR1-TDD

	FR2 bit
	FR2-TDD


 (UE capability indication for FR1 bit is kept for backward compatibility towards legacy network.)
In the following table we summarize the current setting and the above new setting of UE capability bits. We also look at backward / forward compatibility of those settings. Changes in the UE capability bit setting from the current to the new are highlighted in yellow.
Table-2: Current vs New UE capability setting
	True UE capability
	UE capability bits
	Legacy UE interpreted by new network
	New UE interpreted by legacy network

	
	
	Current setting
	New setting
	
	

	Case 1
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported
	FDD
	Yes
	Yes
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported

	
	
	TDD
	Yes
	Yes
	
	

	
	
	FR1
	Yes
	Yes
	
	

	
	
	FR2
	Yes
	Yes
	
	

	Case 2
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported
	FDD
	No
	No
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported

	
	
	TDD
	No
	No
	
	

	
	
	FR1
	No
	No
	
	

	
	
	FR2
	No
	No
	
	

	Case 3
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported
	FDD
	No
	No
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported

	
	
	TDD
	Yes
	Yes
	
	

	
	
	FR1
	Yes
	Yes
	
	

	
	
	FR2
	Yes
	Yes
	
	

	Case 4
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported
	FDD
	No
	No
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported

	
	
	TDD
	Yes
	No
	
	

	
	
	FR1
	No
	No
	
	

	
	
	FR2
	Yes
	Yes
	
	

	Case 5
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported
	FDD
	No
	No
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported

	
	
	TDD
	Yes
	Yes
	
	

	
	
	FR1
	Yes
	Yes
	
	

	
	
	FR2
	No
	No
	
	

	Case 6
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported
	FDD
	Not possible to express
	Yes
	N/A
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported

	
	
	TDD
	
	No
	
	

	
	
	FR1
	
	Yes
	
	

	
	
	FR2
	
	Yes
	
	

	Case 7
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported
	FDD
	Yes
	Yes
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported

	
	
	TDD
	No
	No
	
	

	
	
	FR1
	Yes
	Yes
	
	

	
	
	FR2
	No
	No
	
	

	Case 8
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported
	FDD
	Yes
	Yes
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported

	
	
	TDD
	Yes
	Yes
	
	

	
	
	FR1
	Yes
	Yes
	
	

	
	
	FR2
	No
	No
	
	


For the problematic case 6, the new UE capability setting by the UE still cannot fully express the full UE capability in legacy network, which can be acceptable limitation. However more importantly, the new UE capability setting by the UE in legacy network results in downgrading of UE capability in case 4, essentially creating another problematic case.
All in all, it does not seem to be a good idea to apply the big surgery in the UE capability setting just to solve one case while it is creating another problem case. We therefore propose to apply the new setting on to the case 6. Note that the understanding is that the legacy UEs do not use the new setting for case 6 because it simply does not make sense with the current definition of FDD-TDD and FR1-FR2 differentiation. It only makes sense in the hypothetical scenario where FR2-FDD exists. It should be discussed if such new setting will cause any inter-operability problem with legacy network.
Proposal 1:	Introduce the following setting of FDD-TDD and FR1-FR2 differentiation UE capability bits only for the case the UE supports the feature in FR1 FDD and FR2 TDD while the UE does not support the feature in FR1 TDD.
	FDD bit
	FR1-FDD

	TDD bit
	FR1-TDD

	FR1 bit
	= FR1-FDD OR FR1-TDD

	FR2 bit
	FR2-TDD


Proposal 2:	RAN2 to discuss whether the solution in proposal 1 causes any inter-operability problem with legacy network.
4. Conclusion
In this document, we reviewed the limitation of the current UE capability signalling in terms of FDD-TDD and FR1-FR2 split and proposed a solution to address the identified limitation.
Proposal 1:	Introduce the following setting of FDD-TDD and FR1-FR2 differentiation UE capability bits only for the case the UE supports the feature in FR1 FDD and FR2 TDD while the UE does not support the feature in FR1 TDD.
	FDD bit
	FR1-FDD

	TDD bit
	FR1-TDD

	FR1 bit
	= FR1-FDD OR FR1-TDD

	FR2 bit
	FR2-TDD


Proposal 2:	RAN2 to discuss whether the solution in proposal 1 causes any inter-operability problem with legacy network.
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