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1	Introduction
RAN4 has sent the LS R2-2204501 (R4-2206503) to request changes to existing (Rel-15!) capability dualPA-Architecture capability as per the following:
	dualPA-Architecture capability was originally introduced in Rel-15 to indicate whether UE using one PA or two PAs to support the intra-band UL CA and during the discussion of Rel-16 FR1 RF enhancements RAN4 extended the meaning of this capability to also imply the number of UE LO frequencies in supporting intra-band UL CA is not singular in FR1. During the discussion of Rel-17 FR1 RF enhancements, RAN4 clarified the implication and also applied it to FR2 as well. Therefore, RAN4 would like to respectfully ask RAN2 to extend the meaning of dualPA-Architecture capability in TS38.306 from Rel-16 if there is no NBC issue. The proposed changes are as below for consideration:
	dualPA-Architecture
For band combinations with single-band with UL CA, this field indicates the support of dual PA and dual LO frequencies for FR1, or dual LO frequencies for FR2. If absent in such band combinations, the UE supports single PA and single LO frequency for all the ULs for FR1, or single LO frequency for FR2. For other band combinations, this field is not applicable.
	BC
	No
	N/A
	N/A






In this document, we discuss whether whether this is possible in backward-compatible way and how to proceed with the RAN4 request.
2	Dual PA architecture
First, it should be noted that the RAN4 description of the UE capability is based on the CA-ParametersNR version of the capability, but the capability also exists for MRDC-Parameters as shown below:
	dualPA-Architecture
For an intra-band band combination, this field indicates the support of dual PAs. If absent in an intra-band band combination, the UE supports single PA for all the ULs in the intra-band band combination. For other band combinations, this field is not applicable.

This capability applies to:
-	Intra-band (NG)EN-DC/NE-DC combination without additional inter-band NR and LTE CA component;
-	Intra-band (NG)EN-DC/NE-DC combination supporting both UL and DL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component;
-	Inter-band (NG)EN-DC/NE-DC combination, where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band (as specified in Table 5.5B.4.1-1 of TS 38.101-3 [4]).

If this capability is included in an "Intra-band (NG)EN-DC/NE-DC combination supporting both UL and DL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component", this capability applies to the intra-band (NG)EN-DC/NE-DC BC part.
	BC
	No
	N/A
	N/A


Observation 1: The changes RAN4 requests for dualPA-Architecture are based on CA version of the capability. 
The RAN4 request was done in the context of work done for Rel-16 intra-band UL CA: The intent is to clarify the meaning of "dual PA", since that is not really defined in RAN2 specifications. What RAN4 seeks to do is clarify how the "PA" and "LO" are affected by the UE capability. This requires careful consideration to avoid inter-operability issues.
Observation 2: Normally RAN2 cannot alter existing capability definitions to avoid any inter-operability issues.
In terms of the RAN2 specification, the capability seems to be only indicative of whether UE could have two DC locations for intra-band UL CA cases or not. This was already touched upon in RAN2#117e, with the following outcome (which already verifies that UE supporting dual PA is still not mandated to report two DC locations, but UE not supporting dual PA will never indicate more than one DC location):
	DC location reporting
R2-2203267	Clarification on meaning of dual PA in DC location reporting	Nokia, Nokia Shanghai Bell	discussion	Rel-16	NR_RF_FR1-Core
[032] It is left to UE implementation whether a UE supporting dualPA-Architecture for a BC always reports two DC locations for the BC.
[032] A UE not supporting dualPA-Architecture for a BC always reports one DC location for the BC. Whether to change the specification can be discussed at next meeting.



Observation 3: The dual PA architecture definition is only visible in terms of DC location in RAN2 specifications.
In practice it is possible (at least in theory) to change the existing definition if it has not impacts on backward-compatibility. In this case, the question is whether the amount of LOs could have some impact to UE-network interactions. If there are no issues, then it's possibnle to update the definition, otherwise a new capability is usually required. Hence, let's consider the inter-operability questions and focus on FR1 for now (as that's what the capability has been used for up to now):
1) New UE in legacy network (i.e. UE supports the new definition but gNB does not): UE indicating the capability has two LOs, and UE not indicating the capability has a single LO. From gNB perspective, it is not known whether UE has one or two LOs (i.e. network cannot know in advance whether UE reports two DC locations for the BC). Therefore, network may request UE to provide DC location based on either assumption (i.e. Rel-15 or Rel-16 DC location reporting mechanism), but this doesn't create inter-operability issues since it is anyway up to UE to report 1 or 2 DC locations (as clarified in RAN2#117e already). 
2) Legacy UE in updated network (i.e. gNB supports the new definition but UE does not): UE may support one or two LOs regardless of what it indicates in the capability (since the capability did not previously state anything about the amount of LOs). This means that either A) gNB may think UE indicating the dual PA could support two DC locations but UE would not, or that B) UE not indicating dual PA could still only support one DC location but UE would support two DC locations. For A), gNB could request UE to provide DC locations via the Rel-16 mechanism but UE might only report one DC location, which is the same as before. For B), gNB might use only the Rel-15 DC location mechanism but UE would support two DC locations, which would mean gNB is not aware of the second DC location, which could impact demodulation performance. However, even in this case network is better off always using the Rel-16 mechanism, as that allows UE to report two DC locations, so the inter-operability issues would not be severe and since this is anyway updated network, that can be handled at the time of the network update.
Based on above, it seems that while there is a change of slight inter-operability issue, it is something that can be handled by network implementation when preparing for the updated capability description. 
Observation 4: The only possible inter-operability concerns with the RAN4 request are with legacy UEs in updated networks, but even those can be avoided by proper network implementation.
However, it would still be preferable to create new UE capabilities for both FR1 and FR2 and retain the existing capability to ensure network can always distinguish those UEs that might have had different interpretations. Therefore, we conclude that it would be possible to update the UE capability description for FR1 part as RAN4 is requesting wuith new UE capabilities for FR1 and FR2 (CA, NR-DC and MR-DC cases).
Proposal 1: Update the existing UE capability description of dualPA-Architecture for CA and MR-DC as follows: "For band combinations with single-band UL CA, this field indicates the support of dual PA and dual LO frequencies. If absent, the UE supports single PA and single LO frequency for all the intra-band ULs in the band combination. For other band combinations, this field is not applicable."
Proposal 2: Create a new (optional) UE capability for FR1 dual PA support for CA and MR-DC according to the following definition: " For band combinations with single-band FR1 UL CA, this field indicates the support of dual PAs and dual LO frequencies. If absent in such band combinations, the UE supports single PA and single LO frequency for all the FR1 intra-band ULs in the band combination. For other band combinations, this field is not applicable."
Finally, there is the question that previously the capability was only meant FR-agnostic, and was mainly meant for FR1. Now RAN4 definition seems to allow also dual PA for FR1 or FR2 in the same capability. For BCs containing both FR1 and FR2, this means that UE has to support the same capability for both FR1 and FR2. Therefore, it would be sensible to allow FR2 separation of the capability by creating a new capability related to the FR2 operation and restrict the current capability for FR1 only. This (optional) capability could be created from Rel-16 onwards to be compatible with the RAN4 request.
Proposal 3: Create a new (optional) UE capability for FR2 dual PA support for CA and MR-DC according to the following definition: " For band combinations with single-band FR2 UL CA, this field indicates the support of dual PAs and dual LO frequencies. If absent in such band combinations, the UE supports single PA and single LO frequency for all the FR2 intra-band ULs in the band combination. For other band combinations, this field is not applicable."
Finally, the only question is whether this can be considered a correction or a modification of existing feature. Since the proposed definitions leave the existing capability largely intact and this was requested by RAN4, this could be seen as correction but of course adding new capabilities modifying the meaning of the existing could be seem as modification. We have provided CRs with these changes in R2-2205381 - R2-2205384 using Cat F, but whether this is correct can still be discussed further.
Proposal 4: RAN2 to discuss whether the CRs involving the changes to dualPA-Architecture should be Cat F or Cat C CR.
3	Conclusion
This documents has made the following observations:
Observation 1: The changes RAN4 requests for dualPA-Architecture are based on previous version of RAN2 specification and require some modifications. 
Observation 2: Normally RAN2 cannot alter existing capability definitions to avoid any inter-operability issues.
Observation 3: The dual PA architecture definition is only visible in terms of DC location in RAN2 specifications.
Observation 4: The only possible inter-operability concerns with the RAN4 request are with legacy UEs in updated networks, but even those can be avoided by proper network implementation.
And proposed the following:
Proposal 1: Update the existing UE capability description of dualPA-Architecture for CA and MR-DC as follows: "For band combinations with single-band UL CA, this field indicates the support of dual PA and dual LO frequencies. If absent, the UE supports single PA and single LO frequency for all the intra-band ULs in the band combination. For other band combinations, this field is not applicable."
Proposal 2: Create a new (optional) UE capability for FR1 dual PA support for CA and MR-DC according to the following definition: " For band combinations with single-band FR1 UL CA, this field indicates the support of dual PAs and dual LO frequencies. If absent in such band combinations, the UE supports single PA and single LO frequency for all the FR1 intra-band ULs in the band combination. For other band combinations, this field is not applicable. UE indicating this capability shall also indicate the dualPA-Architecture for this band combination. "
Proposal 3: Create a new (optional) UE capability for FR2 dual PA support for CA and MR-DC according to the following definition: " For band combinations with single-band FR2 UL CA, this field indicates the support of dual PAs and dual LO frequencies. If absent in such band combinations, the UE supports single PA and single LO frequency for all the FR2 intra-band ULs in the band combination. For other band combinations, this field is not applicable. UE indicating this capability shall also indicate the dualPA-Architecture for this band combination. "
Proposal 4: RAN2 to discuss whether the CRs involving the changes to dualPA-Architecture should be Cat F or Cat C CR.
CRs according to this have been provided in R2-2205381 (38.306, R16), R2-2205382 (38.306, R17), R2-2205383 (38.331, R16) and R2-2205384 (38.331, R17).



