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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
DC location reporting schemes were defined since Rel-15 based on configured BWPs for each CC, and then in Rel-16 new DC location reporting scheme was introduced for intra-band UL CA, then in Rel-17 another solution was introduced to supporting even more UL/DL CC configurations. Therefore, three solutions in the spec for DC location reporting purpose, and in last RAN4 meeting the discussion of distinguishing each reporting solution applicable scenarios was triggered by [1]. And in draft WF [2] it further collecting comments about these scenarios though no consensus reached. This paper will discuss these aspects.

Besides, RAN2 LS [6] was received on the R17 DC location reporting clarifications. This paper also discusses that aspects.
2 Discussion
2.1 Rel-15 scheme
Rel-15 DC location is reported based on IE UplinkTxDirectCurrentList to indicates the Tx Direct Current locations per BWP in each configured CC as can be seen in below figure copied from 38.331. 
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Figure 1 Rel-15 Tx DC location reporting signalling

And it can indicate at most 4DC locations for a cell with each DC location for a configured BWP in RRCreconfiguration. The exact DC locations can be indicated is from 0~3329 which corresponds to 49.5MHz for 15khz scs and 99MHz for 30khz scs. When the DC location is outside of this range then 3300 will be reported, and when the DC is within CC but location is unknown then 3301 will be reported.

Observation 1:    DC location is reported per BWP per CC in Rel-15 scheme. When UE report 3300 or 3301, the exact DC location is unknown.

It can be seen that the Rel-15 scheme can only give exact DC location when the DC is within CC, and if the DC is outside of CC no exact location is reported. And the special case is for reporting value 3301, the meaning is not quite clear actually and RAN4 has requested RAN2 and RAN1 to change the value 3301 to be reserved and ignored by UE [3]. However, RAN1 has replied that there is one scenario for intra-band contiguous CA when CCs activated/deactivated then the DC location might be changed which leads to the previously reported DC location is not applicable as can be seen in below table [4].

	If UEs are not allowed to report “Undetermined position within the carrier”, i.e. the value 3301 for parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, RAN1 has identified an issue for the case of intra-band contiguous CA with some CCs activated/deactivated. To be specific, when CCs are deactivated, reducing the UE RF BW should be allowed in order to reduce UE power consumption, which potentially resulting in variable UE Tx DC location. Other use cases may also exist.



Though RAN1 replies that this Rel-15 scheme potentially can be used in the CA scenario when UE might have different DC location comparing to single CC reported DC location, still the approach gives no exact meaning on the location especially in CA since it is reported per BWP per CC and no consideration of CA band combinations. This is also the reason that Rel-16 scheme was introduced. 

Observation 2:    3301 was introduced for the case of DC location changes due to for example CC changes in intra-band contiguous CA, however, it cannot tell where the exact DC location is and cannot be used by NW to cancel DC leakage.

In RAN#89, paper [5] brought this DC location reporting problem in CA mode to RAN plenary for wide discussion and it explained the meaning of having an exact DC location scheme to NW. Briefly, the exact DC location is useful for NW to remove the DC leakage and improve the signal quality especially for high modulations like UL256QAM. Meanwhile, it pointed out that UE may have different DC location in CA mode comparing to the single CC scenario as can be seen from figure 2 borrowed from [5]. In this figure, UE may report DC location for CC1 BWP13 and DC location for CC2 BWP24 with Rel-15 scheme, however, in intra-band UL CA, the real DC location is different from these two Rel-15 DC locations. If NW still use Rel-15 scheme-based DC location reporting to do DC leakage cancellation then it will degrade the signal quality rather than improve it. Therefore, a new scheme is necessary to report the exact DC location under intra-band CA, and finally triggered the Rel-16 DC location reporting scheme design.
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Figure 2 Comparison of single CC DC location and intra-band UL CA DC location [5]

Observation 3:    UE may have different DC location in single CC and intra-band UL CA which makes Rel-15 DC location reporting scheme cannot report the exact DC location in CA and have the risk of misleading NW DC leakage cancellation.

Again, from this it can be seen, though 3301 can be applied in some CA scenario in theory from RAN1 perspective [4], it has no meaning to NW since it cannot be used to determine the exact DC location and do the DC leakage cancelation to improve the signal quality, and it has no meaning to TE either since TE have no idea where the DC is in this case. Based on these considerations, our suggestion would be to limit the Rel-15 DC location reporting scheme only to single CC scenario and not apply to CA case. 

Proposal 1:         Rel-15 DC location reporting scheme is limit to single CC scenario and not be applied to intra-band UL CA.

2.2 Rel-16 scheme
Rel-16 scheme was designed for CA scenario from the beginning and was defined specifically for intra-band CA as can be seen below figures copied from 38.331. UE will indicate the DC locations based on the BWP combinations configured in CC1 and CC2. Therefore, it cannot be applied to single CC case.
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Figure 3 Rel-16 DC location reporting definition in 38.331

Observation 4:    Rel-16 DC location reporting scheme is defined for intra-band UL CA and needs the information of two CCs/BWPs to derive the DC locations according to 38.331.

Proposal 2:         Confirm Rel-16 DC location reporting scheme is limit to intra-band UL CA scenario and not be applied to single CC.

2.3 Rel-17 scheme
[bookmark: _Hlk114852728]For Rel-17, its clear that it can be applied to single CC with or without DL CA, and intra-band CA based on the default DC location and offset design.

Proposal 3:         Rel-17 DC location reporting scheme can be applied to single CC with or without DL CA, and intra-band CA.

2.4 Mapping of Rel-15/16/17 schemes to different scenarios
In last meeting, many single CC or UL/DL CA scenarios were given and trying to align the understanding of DC location reporting schemes among them [2]. And there are three cases which may have different understandings, mainly below:

· Case 1: whether Rel-16 scheme only apply to 2UL CA case
· [bookmark: _Hlk114854005]Case 2: whether 3300 (outside UL CC) is a valid reporting and should be covered by RAN4 spec
· Case 3: whether R15 DC location can be indicated in CA case

The case 1 has been discussed in section 2.2, therefore, the answer is yes, Rel-16 scheme is only applied to 2UL CA case.
The case 3 also has been discussed in section 2.1, and the answer is no, Rel-15 scheme can only be applied to single CC case.
Regarding the case 2, there were different understanding in last meeting, some companies think it is a valid reporting while others think it is no valid. In our view, 3300 is defined in RAN2 signaling and UE can indicate this value to NW/TE, therefore, from signaling perspective it is valid and is also has been covered by RAN4 spec, i.e. when 3300 is reported the carrier leakage and IQ image is waived. For the companies who think this 3300 is not valid probably because of TE cannot do the RF correction with this reporting value. It is understood of this view, however, RAN4 spec should be clear how to handle the situation once UE indicate 3300 since this is allowed in signaling. Therefore, from specification integrality perspective, this should be allowed and covered by the spec as we already done today.

Observation 5:    3300 is a valid reporting from RAN2 signaling perspective, and RAN4 spec has already covered the scenario of UE reporting 3300. 

Proposal 4:         Consider 3300 (outside UL CC) is a valid reporting and should be covered by RAN4 spec as already done in current RAN4 spec.

The summarized views can be found in below table for different cases.

· “YES” means this DC location reporting scheme can support the corresponding single CC or CA scenario;
· “NO” means this DC location reporting scheme cannot support the corresponding single CC or CA scenario

Case 1: No (Rel-16 scheme only apply to 2UL CA case)
Case 2: Yes (3300 reported)
Case 3: No (R15 DC location indicated in CA case may be incorrect)

Table 1 DC location reporting scheme summary for different scenarios
	Feature/Reporting method
	R15
	R16
	R17

	Single CC
	
	Yes
	No *Case 1
	Yes

	DL CA, single UL CC
	UL DC on UL CC
	Yes
	No *Case 1
	Yes

	
	UL DC on DL CC 
	Yes Case 2
	No
	Yes

	Contiguous UL CA up to 2 UL CCs
	Single LO on UL CC
	No*Case 3
	Yes
	Yes

	
	Single LO outside UL CC
	No *Case 3
	Yes *Case 2
	Yes

	
	Dual LO on UL CC
	No *Case 3
	Yes
	Yes

	
	Dual LO on DL CC
(N/A in RAN4 specs)
	No *Case 3
	Yes *Case 2
	Yes

	Contiguous UL CA > 2 UL CCs
	Single LO, all cases
	No *Case 3
	No
	Yes

	Non-contiguous UL CA
	Single LO on UL CC
	No *Case 3
	Yes
	Yes

	
	Single LO outside UL CC
	No *Case 3
	Yes *Case 2
	Yes

	
	Dual LO on UL CC
	No *Case 3
	Yes
	Yes

	
	Dual LO, at least one outside UL CC
	No *Case 3
	Yes *Case 2
	Yes



2.5 R2 LS reply
RAN2 LS [6] was received with questions for clarification of R17 DC location reporting.
	Question 1:
RAN4 has concluded that frequency component type is same for both default DC locations for different CC groups. RAN2 also understands that the frequency component type is same for default DC locations for a given CC group independing on the different activated CC/BWP combination in a CC group RAN2 asks RAN4 to confirm our understanding.
Question 2:
In the LS R2-2206951 (R4-2210782), regarding offset range, RAN4 indicates that the granularity is the lowest subcarrier spacing used in the CA configuration. But considering that the offset is signaled per CC group, RAN2’s understanding is that lowest SCS in the CC group is used as the offset granularity. RAN2 asks RAN4 to confirm our understanding.



[bookmark: _Hlk118132080]For question 1, applying same frequency component type for default DC location calculation for a given CC group regardless of activated CC/BWP combination can simplify the DC location reporting and no information lost. Therefore, in our view, this is ok.
[bookmark: _Hlk118132189][bookmark: _Hlk118132138][bookmark: _Hlk118132275]For question 2, this is different from RAN4 understanding in LS [7], where it says “the granularity is the lowest subcarrier spacing used in the CA configuration”. And if use the lowest SCS in CC group, it will make the DC location candidate steps larger and putting restriction on UE DC location design. From this perspective, we would like to keep the previous RAN4 agreement that the lowest SCS in the CA configuration is used.

Observation 6:   For question 1, there is no information lost if apply same frequency component type for default DC location calculation for a given CC group regardless of activated CC/BWP combination.

[bookmark: _Hlk118132539]Observation 7:   RAN4 was agreed to apply the lowest SCS in the CA configuration, and if apply the lowest SCS in CC group, it will lead to larger DC location candidate steps and put constraint on UE DC location design.

Proposal 6:         Propose to reply RAN2 that for question 1, it is ok, and for question 2 RAN4 would like to keep previous agreement that lowest SCS in the CA configuration is used.

3 Conclusion
In this paper, we discussed the Rel-15/16/17 DC location reporting schemes and relation to different single CC/CA scenarios, and got following observations and proposals.

Observation 1:   DC location is reported per BWP per CC in Rel-15 scheme. When UE report 3300 or 3301, the exact DC location is unknown.

Observation 2:   3301 was introduced for the case of DC location changes due to for example CC changes in intra-band contiguous CA, however, it cannot tell where the exact DC location is and cannot be used by NW to cancel DC leakage.

Observation 3:   UE may have different DC location in single CC and intra-band UL CA which makes Rel-15 DC location reporting scheme cannot report the exact DC location in CA and have the risk of misleading NW DC leakage cancellation.

Proposal 1:         Rel-15 DC location reporting scheme is limit to single CC scenario and not be applied to intra-band UL CA.

Observation 4:   Rel-16 DC location reporting scheme is defined for intra-band UL CA and needs the information of two CCs/BWPs to derive the DC locations according to 38.331.

Proposal 2:         Confirm Rel-16 DC location reporting scheme is limited to intra-band UL CA scenario and not be applied to single CC.

Proposal 3:         Rel-17 DC location reporting scheme can be applied to single CC with or without DL CA, and intra-band CA.

Observation 5:    3300 is a valid reporting from RAN2 signaling perspective, and RAN4 spec has already covered the scenario of UE reporting 3300. 

Proposal 4:         Consider 3300 (outside UL CC) is a valid reporting and should be covered by RAN4 spec as already done in current RAN4 spec.

Proposal 5:         Propose to clarify the mapping of DC location reporting schemes and single CC/CA scenarios as below table 1.

Table 1 DC location reporting scheme summary for different scenarios
	Feature/Reporting method
	R15
	R16
	R17

	Single CC
	
	Yes
	No *Case 1
	Yes

	DL CA, single UL CC
	UL DC on UL CC
	Yes
	No *Case 1
	Yes

	
	UL DC on DL CC 
	Yes Case 2
	No
	Yes

	Contiguous UL CA up to 2 UL CCs
	Single LO on UL CC
	No*Case 3
	Yes
	Yes

	
	Single LO outside UL CC
	No *Case 3
	Yes *Case 2
	Yes

	
	Dual LO on UL CC
	No *Case 3
	Yes
	Yes

	
	Dual LO on DL CC
(N/A in RAN4 specs)
	No *Case 3
	Yes *Case 2
	Yes

	Contiguous UL CA > 2 UL CCs
	Single LO, all cases
	No *Case 3
	No
	Yes

	Non-contiguous UL CA
	Single LO on UL CC
	No *Case 3
	Yes
	Yes

	
	Single LO outside UL CC
	No *Case 3
	Yes *Case 2
	Yes

	
	Dual LO on UL CC
	No *Case 3
	Yes
	Yes

	
	Dual LO, at least one outside UL CC
	No *Case 3
	Yes *Case 2
	Yes



Observation 6:   For question 1, there is no information lost if apply same frequency component type for default DC location calculation for a given CC group regardless of activated CC/BWP combination.

Observation 7:   RAN4 was agreed to apply the lowest SCS in the CA configuration, and if apply the lowest SCS in CC group, it will lead to larger DC location candidate steps and put constraint on UE DC location design.

[bookmark: _Hlk118132504]Proposal 6:         Propose to reply RAN2 that for question 1, it is ok, and for question 2 RAN4 would like to keep previous agreement that lowest SCS in the CA configuration is used.

References
[1] R4-2214039, DC location reporting for different features, QC
[2] R4-2215145, WF on DC location signalling applicability, QC
[3] R4-1905486, LS on TX DC location, R4->R1
[4] R4-1910705, Reply LS on Tx DC location, R1->R4
[5] RP-201746, On DC location reporting for intra-band UL CA, HW
[6] R2-2209002, LS to RAN4 on DC location, R2->R4
[7] R4-2210782, LS on DC location for intra-band CA, R4->R2

Annex LS reply
Title:	R17 Reply LS on DC location clarification
Response to:	R4-221xxxx (R2-2209002 LS to RAN4 on DC location)
Release:	Rel-17
Work Item:	NR_RF_FR2_req_enh2-Core

Source:	TSG RAN WG4
To:	TSG RAN WG2
Cc:	

Contact Person:
Name: Jinqiang Xing
E-mail Address: xingjinqiang@OPPO.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	-


1. Overall Description:
RAN4 would like to thank RAN2 for the LS on the DC location clarification and RAN4 would like to give following answers to the questions:

Question 1:
RAN4 has concluded that frequency component type is same for both default DC locations for different CC groups. RAN2  also understands that the frequency component type is same for default DC locations for a given CC group independing on the different activated CC/BWP combination in a CC group RAN2 asks RAN4 to confirm our understanding.
[RAN4] RAN4 is ok with RAN2 understanding.
Question 2:
In the LS R2-2206951 (R4-2210782), regarding offset range, RAN4 indicates that the granularity is the lowest subcarrier spacing used in the CA configuration. But considering that the offset is signaled per CC group, RAN2’s understanding is that lowest SCS in the CC group is used as the offset granularity. RAN2 asks RAN4 to confirm our understanding.
[RAN4] RAN4 would like to keep previous agreement that lowest SCS in the CA configuration is used. The reason is to give UE more DC location design flexibilities with finer DC location candidate steps.

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 #106	Feb 27 – 03 Mar 2023         Athen
TSG-RAN WG4 Meeting #106bis-e	17 – 26 Apr 2023         Online
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- UplinkTxDirectCurrentTwoCarrierList
The IE UplinkTxDirectCurrentTwoCarrierList indicates the Tx Direct Current locations when uplink intra-band CA with two carriers is configured, based on the configured

carriers and BWP numerology and the associated carrier bandwidth of the carriers. The UE does not report the uplink Direct Current location information for SUL carrier(s).
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