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[bookmark: _Ref37080031]1	Introduction
In R2-2000013 [1], RAN1 provided an LS to RAN2 stating that there could be an unclarity in the current signalling used for the UE to indicate whether it supports a feature differently for FDD/TDD and FR1/FR2. This contribution discusses how the signalling for FDD/TDD and FR1/FR2 differentiation works for UE capabilities and what would need to be changed to account for RAN1 input from R2-2000013.
[bookmark: _Ref178064866]2	Discussion
The behaviour for signalling differentiation in UE capabilities between FDD/TDD and FR1/FR2 is specified in TS 38.306 and also included in Annex I. As described in Annex I, the UE should include the following fields depending on UE support of a feature for FDD/TDD and FR1/FR2: fdd-Add-UE-NR/MRDC-Capabilities, tdd-Add-UE-NR/MRDC-Capabilities, fr1-Add-UE-NR/MRDC-Capabilities and fr2-Add-UE-NR/MRDC-Capabilities. It should be noted that the procedures mentioned above account for differentiation between FDD/TDD and FR1/FR2 in an independent manner – e.g. when checking whether the UE supports a functionality for TDD, the procedures do not differentiate between FR1 TDD and FR2 TDD, as also described in the excerpt below from TS 38.306.
2>	if for TDD, the UE supports additional functionality compared to what is indicated by the previous fields of UE-NR/MRDC-Capability:
3>	include field tdd-Add-UE-NR/MRDC-Capabilities and set it to include fields reflecting the additional functionality applicable for TDD;
Therefore, the condition in the procedures above could only be triggered if the UE supports “additional functionality applicable for TDD” i.e. additional functionality that applies for TDD in all the FR modes the UE supports. 
[bookmark: _Toc37352551]When checking if the UE supports additional functionality e.g. for TDD (if FR1/FR2 and FDD/TDD differentiation is applicable) the additional functionality should be applicable to all FR modes the UE supports.
For instance, considering the following case:
· a UE that supports FR1 FDD, FR1 TDD, and FR2 TDD; 
· and supports a given per-UE feature for which FR1/FR2 and FDD/TDD differentiation is possible;
· but it supports the feature only for FR2 TDD;
the UE should:
· not include the feature in fdd-Add-UE-NR/MRDC-Capabilities since it does not support the feature for FDD (i.e. FR1 FDD).
· not include the feature in tdd-Add-UE-NR/MRDC-Capabilities since it does not support the feature for all its TDD variants (i.e. FR1 TDD and FR2 TDD), but only for FR2 TDD.
· include the feature in fr2-Add-UE-NR/MRDC-Capabilities, since it supports the feature for FR2 (i.e. FR2 TDD).
As another example, considering the case described in [1] which was depicted by RAN1 as a possible case of unclarity, where:
· a UE that supports FR1 FDD, FR1 TDD, and FR2 TDD; 
· and supports a given per-UE feature for which FR1/FR2 and FDD/TDD differentiation is possible;
· but it supports the feature only for FR1 FDD and FR2 TDD;
the UE should:
· include the feature in fdd-Add-UE-NR/MRDC-Capabilities since it supports the feature for all its FDD variants (i.e. FR1 FDD).
· not include the feature in tdd-Add-UE-NR/MRDC-Capabilities since it does not support the feature for all its TDD variants (i.e. FR1 TDD and FR2 TDD), but only for FR2 TDD.
· include the feature in fr2-Add-UE-NR/MRDC-Capabilities, since it supports the feature for all its FR2 variants (i.e. FR2 TDD).
A complete description with the examples above and all the other possible cases is included in Annex II. 
From Annex II, it can be seen that the current signalling can actually account for all the cases highlighted in the RAN1 LS [1], except for the following case:
· a UE that supports FR1 FDD, FR1 TDD, and FR2 TDD; 
· and supports a given per-UE feature for which FR1/FR2 and FDD/TDD differentiation is possible;
· but it supports the feature only for FR1 TDD;
[bookmark: _Toc37352552]The current signalling for FR1/FR2 and FDD/TDD differentiation can account for all the cases highlighted in the RAN1 LS R2-2000013, except for the case when the UE (that supports FR1 FDD, FR1 TDD, and FR2 TDD) would want to indicate that it supports a certain feature only for FR1 TDD.
From RAN1 point of view [1], all the possibilities below should be allowed in the signalling:
· a UE that supports FR1 FDD, FR1 TDD, and FR2 TDD; 
· and supports a given per-UE feature for which FR1/FR2 and FDD/TDD differentiation is possible;
· and it supports the feature: for FR1 TDD; for FR1 FDD; for FR2 TDD; for FR1 TDD and FR1 FDD; for FR1 TDD and FR2 TDD; for FR1 FDD and FR2 TDD; for FR1 TDD, FR2 TDD and FR1 FDD;
Therefore, to account for the RAN1 request, RAN2 would need to design the signalling for the case above (i.e. support of a feature only for FR1 TDD in the conditions above).
[bookmark: _GoBack]To include this case, it would be needed to include a new field for FR1 TDD case. CRs were provided to account for this to (38.331) [2] and to clarify current FR1/FR2 and FDD/TDD differentiation (38.306) [3].

[bookmark: _Toc37352550]Among the features that allow FR1/FR2 and FDD/TDD differentiation, the UE should be able to indicate that it supports a certain feature only for FR1 TDD. Signaling should be introduced to account for this case.
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3	Conclusion
In the previous sections we made the following observations: 
Observation 1	When checking if the UE supports additional functionality e.g. for TDD (if FR1/FR2 and FDD/TDD differentiation is applicable) the additional functionality should be applicable to all FR modes the UE supports.
Observation 2	The current signalling for FR1/FR2 and FDD/TDD differentiation can account for all the cases highlighted in the RAN1 LS R2-2000013, except for the case when the UE (that supports FR1 FDD, FR1 TDD, and FR2 TDD) would want to indicate that it supports a certain feature only for FR1 TDD.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Among the features that allow FR1/FR2 and FDD/TDD differentiation, the UE should be able to indicate that it supports a certain feature only for FR1 TDD. Signaling should be introduced to account for this case.
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[bookmark: _Ref37080055]5	Annexes
[bookmark: _Ref37138914]5.1	Annex I
Excerpt from TS 38.306:
[bookmark: _Toc12750886][bookmark: _Toc29382250]4.2.1	Introduction
The following clauses define the UE radio access capability parameters. Only parameters for which there is the possibility for UEs to signal different values are considered as UE radio access capability parameters. Therefore, mandatory features without capability parameters that are the same for all UEs are not listed here.
The network needs to respect the signalled UE radio access capability parameters when configuring the UE and when scheduling the UE.
The UE may support different functionalities between FDD and TDD, and/or between FR1 and FR2. The UE shall indicate the UE capabilities as follows. In the table of UE capability parameter in subsequent clauses, "Yes" in the column by "FDD-TDD DIFF" and "FR1-FR2 DIFF" indicates the UE capability field can have a different value for between FDD and TDD or between FR1 and FR2 and "No" indicates if it cannot. "FD" in the column indicates to refer the associated field description. "FR1 only" or "FR2 only" in the column indicates the associated feature is only supported in FR1 or FR2 and "TDD only" indicates the associated feature is only supported in TDD.
1>	set all fields of UE-NR/MRDC-Capability except fdd-Add-UE-NR/MRDC-Capabilities, tdd-Add-UE-NR/MRDC-Capabilities, fr1-Add-UE-NR/MRDC-Capabilities and fr2-Add-UE-NR/MRDC-Capabilities, to include the values applicable for all duplex mode(s) and frequency range(s) that the UE supports;
1>	if UE supports both FDD and TDD and if (some of) the UE capability fields have a different value for FDD and TDD
2>	if for FDD, the UE supports additional functionality compared to what is indicated by the previous fields of UE-NR/MRDC-Capability:
3>	include field fdd-Add-UE-NR/MRDC-Capabilities and set it to include fields reflecting the additional functionality applicable for FDD;
2>	if for TDD, the UE supports additional functionality compared to what is indicated by the previous fields of UE-NR/MRDC-Capability:
3>	include field tdd-Add-UE-NR/MRDC-Capabilities and set it to include fields reflecting the additional functionality applicable for TDD;
1>	if UE supports both FR1 and FR2 and if (some of) the UE capability fields have a different value for FR1 and FR2:
2>	if for FR1, the UE supports additional functionality compared to what is indicated by the previous fields of UE-NR/MRDC-Capability:
3>	include field fr1-Add-UE-NR/MRDC-Capabilities and set it to include fields reflecting the additional functionality applicable for FR1;
2>	if for FR2, the UE supports additional functionality compared to what is indicated by the previous fields of UE-NR/MRDC-Capability:
3>	include field fr2-Add-UE-NR/MRDC-Capabilities and set it to include fields reflecting the additional functionality applicable for FR2;

[bookmark: _Ref37140183]5.2	Annex II
Table indicating support of a feature with FR1/FR2, TDD/FDD differentiation:

Label
1		UE supports the feature for the given FRX/XDD mode
0		UE does not support the feature for the given FRX/XDD 
x		UE does not support the given FRX/XDD mode
fdd		UE includes the feature in fdd-Add-UE-NR/MRDC-Capabilities
tdd		UE includes the feature in tdd-Add-UE-NR/MRDC-Capabilities
fr1		UE includes the feature in fr1-Add-UE-NR/MRDC-Capabilities
fr2		UE includes the feature in fr2-Add-UE-NR/MRDC-Capabilities
common	UE includes the feature in the common branch for features that do not require FR1/FR2 or FDD/TDD differentiation
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