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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN2 has sent LS [1] to RAN4 seek clarifications about the required below changes in RAN4 LS [2]. 
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In this paper will discuss these aspects and give reply to the LS.

2 Discussion
2.1 dualPA-Architecture and DC location numbers
RAN2 seems have discussed the relation between dualPA-Architecture capability and DC location reporting. And have got the following agreements, the question to RAN4 is whether these agreements are compatible or not.

	Q1: During RAN2#117, RAN2 had made the following agreement for the DC location report
[image: ]
Is the required change from RAN4 (i.e., the reporting of dualPA-Architecture also indicates the support of dual-LO) compatible with the RAN2 agreement above (i.e., the reporting of dualPA-Architecture does not mandate the UE to report two DC locations for the BC)?



In RAN4 the dualPA-Architecture capability was widely used in Rel-17 FR1 enhancement WI to indicate whether the UE has on LO or two LO in one intra-band combination and the applicable requirements respectively, for example in PC2 intra-band NC UL CA for FR1 as shown below [3] or PC2 intra-band contiguous UL CA with UL MIMO [4]. 
[image: ]

However, RAN4 found the dualPA-Architecture capability IE definition in RAN2 actually only refer to PA numbers rather than LO numbers. Considering this IE was defined for the case of UE using two PAs to support an intra-band combination with each PA supporting one CC as shown in figure 1, inherently, this IE also can be used to indicate the number of LOs since in this case the LO number and PA number are one to one mapping as shown in figure 2.


Figure 1 Relation of dualPA-Architecture capability IE and PA numbers


Figure 2 Mapping of PA numbers and LO numbers

There was also some comment on the case of UE using one LO but two PAs to support one intra-band CA as shown in figure 3. In this case, the UE actually using TxD to support this intra-band combination and each PA supporting both CCs. This implementation is possible but it is no longer meet the purpose of dualPA-Architecture capability where it is used for one PA each CC.



Figure 3 Scenario of 1LO but 2PAs

Therefore, it can be concluded that if UE report dualPA-Architecture capability, it implements with two LOs in this intra-band combination, and if not report dualPA-Architecture capability it has only one LO implemented.

Observation 1:    dualPA-Architecture capability was introduced in Rel-15 to indicate whether this UE using two PA to support intra-band UL CA with each PA supporting one CC, and this inherently can indicate the number of LOs to support this band combination.

2.2 DC location reporting behavior
Regarding the DC location report, actually it was another topic in RAN4 which in Rel-16 is for 2CC intra-band, and in Rel-17 it was for more than 2CC intra-band though in the end Rel-17 approach can also be applied for 2CC case. From observation 1 it is clear that UE indicate dualPA-Architecture capability have two LOs implemented (mapping to two DC locations) but whether this UE will always report two DC location is another issue. And it is also clear that UE without indicating dualPA-Architecture capability will have only one DC location and can report at most one DC location.

Observation 2:    UE with dualPA-Architecture capability for an intra band combination can report at most 2DC locations, UE without dualPA-Architecture capability can report at most 1DC location.

Whether the DC location reporting is a mandatory behavior, for example UE with two LOs will always report two DC location? Maybe this is not a pure RAN4 issue, we need to see whether RAN2 spec allows this, and also whether UE have to report them.

The purpose of reporting DC locations is to facilitate NW improve UL signal quality by removing the DC from received signals, and the gain can be observed in high modulation orders like 256QAM. If the modulation order is low, no DC location is needed. 

Currently, DC location reporting is requested by NW in RRCreconfiguration message, and UE need to report at least one DC location in RRCreconfigurationcomplete message no matter it is the exact location or just 3300/3301 and the 2nd DC location reporting is optionally reported in current 38331 specification. 

[bookmark: _Hlk109653636]Therefore, in the case of UE using two LOs to support one intra-band CA combination, then UE can choose to report two DC location or one DC location when it receives DC location reporting request. When only one DC location is reported, it means from the UE point of view the second DC location is not needed for example the LO leakage is low, etc. 

Observation 3:    UE need to report at least one DC location no matter one or two LOs implemented when received request from NW. And in the case of UE with two LOs, UE can choose to report only one DC location for example in the case of LO leakage is low, etc.

In summary, the below two RAN2 agreements regarding UE behavior when it is requested to report DC locations are correct.
[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.

Proposal 1:          It is proposed to confirm RAN2 understanding on the UE DC location reporting behavior:
[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. 

2.3 EN-DC band combination handling
There are two dualPA-Architecture capability description in 38.306, one is for intra-band UL CA, the other is for EN-DC band combinations. RAN2 is asking whether the change will apply to EN-DC band combinations since RAN4 only propose to change the CA band combination as below.

	Q2: In RAN2 specification, there are two dualPA-Architecture as follows: Where the former one is reported for the intra-band CA part of NR, while the latter one is for the intra-band BC part of (NG)EN-DC/NE-DC. 
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Is the required change also applicable to the latter one, or only applicable to the former one?



In previous RAN4 LS to RAN2, the proposed change is only for CA band combination since the one LO or two LOs architecture and requirement indication is only needed in PC2 intra-band UL CA band combinations. For the PC2 intra-band EN-DC RAN4 only defined requirements for UE with two full power PAs (one PA each CC), there is no need to further clarify the LOs. From this perspective, the RAN2 spec update can only be needed for intra-band CA band combinations. And in the future when intra-band EN-DC requirements based on LOs differentiation are defined can further discuss the update of RAN2 capability description.

Observation 4:    RAN4 define PC2 intra-band CA combination requirements based on LO numbers, and no such differentiation is needed for intra-band EN-DC up to now.

Proposal 2:         The capability description change is only needed for intra-band UL CA, i.e. the former one.
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1. Overall Description:
RAN4 would like to thank RAN2 for the reply LS and questions on clarification of dualPA-Architecture capability and RAN4 would like to give following answers to the questions:

Q1: During RAN2#117, RAN2 had made the following agreement for the DC location report
[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.
Is the required change from RAN4 (i.e., the reporting of dualPA-Architecture also indicates the support of dual-LO) compatible with the RAN2 agreement above (i.e., the reporting of dualPA-Architecture does not mandate the UE to report two DC locations for the BC)?
[RAN4 Answers]: 
The two RAN2 agreements are aligned with RAN4 understanding. If UE indicate supporting dualPA-Architecture for an intra-band CA combination, it means this UE implement with two LOs corresponding to two DC locations, but it is up to UE implementation whether this UE will report one DC location or two DC locations. If UE doesn’t indicate support dualPA-Architecture for an intra-band CA combination, it means this UE implement with one LO thus one DC location.
Q2: In RAN2 specification, there are two dualPA-Architecture as follows: Where the former one is reported for the intra-band CA part of NR, while the latter one is for the intra-band BC part of (NG)EN-DC/NE-DC. 
	dualPA-Architecture
For band combinations with single-band with UL CA, this field indicates the support of dual PA. If absent in such band combinations, the UE supports single PA for all the ULs. For other band combinations, this field is not applicable.
	BC
	No
	N/A
	N/A

	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


Is the required change also applicable to the latter one, or only applicable to the former one?
[RAN4 Answers]: 
The changes only apply to the former one up to Rel-17. RAN4 PC2 intra-band CA requirements are defined based on LO numbers with dualPA-Architecture capability to indicate which requirements apply. However, for intra-band EN-DC up to now RAN4 only define requirements based on UE with two PA architecture and no differentiation of LO numbers are needed.

2. Actions:
To RAN2:
ACTION: RAN4 respectfully ask RAN2 to take above into consideration.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #104bis-e	10 - 19 Oct 2022         Online
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WF on 2CC and 1CC fallback PC3 MPR mapping for a UE configured for intra-band non-contiguous UL
CA:

*  When dualPA-Architecture is reported- and is applicable to any bandwidth separation class and any
gap bandwidth
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=dualPA-Architecture - BC~ | No<| NA-| NA-
For band combinations with single-band with UL CA, this field indicates the support
of dual PA. If absent in such band combinations, the UE supports single PA for all
the ULs. For other band combinations, this field is not applicable. -

=dualPA-Architecture - BC~ | Noe| NA-| NA-

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.

o

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]).~

o

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. »
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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. ~
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= [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. -





