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1 Introduction
DC location reporting has been discussed in Rel-16 for the 2UL CC case and the CR in RAN2 was agreed to report DC location based on the permutation of BWPs which is maximum 64 locations can be accommodated. In Rel-17, the DC location reporting for FR2 more than 2CCs was added into WID [1]. And in last meeting the WF [2] was agreed as below. This paper further discuss on this issue.
	Parameters for DC location change

· UE is allowed to change DC location based on activation or configuration based on any BWP in any CC. 

Whether DC locations can be decided by the outermost CCs or BWPs for some UE’s is FFS

Number of CCs and which situations to consider

· 15 CCs based on NC DL CA, maybe consider up to 16 which is ran2 limit 

WF on the case that UE supports calibration gap

· DC location reporting mechanism for UE supports calibration gap can be further discussed in parallel with the case that UE does not support calibration gap.


2 Discussion

The DC location reporting is required for the high order modulations like 256QAM, and is also needed to meet FR2 IBE requirements. There were many discussions before in identify which condition will impact the DC location but it is difficult to conclude on this. As it can be found in [3] that the DC location mainly depends on the outmost CC or BWP, however, meanwhile the PA architecture, active BWP in the middle CC, DL CC impact to the UL CC, etc. also were identified as the factors that might impact the exact DC location which makes DC location reporting finally has to depend on the permutation of all the possible BWP combinations. This is doable in 2CC or even 3CC cases, however, with the increase of CC numbers to 15CCs, the permutation increase dramatically. Whether reporting all the possible BWP combinations needs FFS but it is not signaling efficient.
Observation 1:    DC locations can be decided by the outermost CCs or BWPs for some UEs but is not for other UEs.
Observation 2:    Reporting all the BWP permutations might be possible but is not signaling efficient.

In [4], the proposed idea before was summarized and reproduced below, among which the solution 1 can be considered as the basic solution pending on RAN2 is acceptable from signaling overhead perspective, and the solution 3 and 4 can be further discussed as enhanced solutions if RAN1/2 has no concern on the feasibility.
	
	Pros
	Cons

	Solution 0: Report all the permutations of BWP combinations
	Already adopted for 2CC case, well defined framework.
	Reporting all the permutations of BWP combinations for 15CCs is not signaling efficient

	Solution 1: Report DC location only based on the outmost configured or activated CCs/BWPs to reduce the signaling overhead
	Report is simple and can accommodate large CC number cases.
	Only apply to certain UEs but not apply to other UEs.

It assumes the CCs between the outmost CCs do not impact the DC location, but this is not always the case.

	Solution 2: Reporting the offset between default and actual DC location
	
	This defines default DC locations and allow UE to report an offset if DC location is different from the default. This still needs to report all the permutations.

	Solution 3: Reporting DC location based on NW request
	Report is simple and can accommodate large CC number cases.
	RAN2 centric solution, and seems RAN2 has discussed in Rel-16 according to LS [6]:

· “Assume that Network providing BWP pairs is not needed when focus on 2CC (not completely off the table)”

	Solution 4: Report the DC location based on the activated CCs/BWPs
	Report is flexible and can accommodate large CC number cases.
	Impact to RAN1 and RAN2 need to be considered and coordinated.

	Solution 5: Reporting 3300/3301 for the case of not within the default DC location
	
	Not doable, even IBE requirements are waivered, still test system needs to know the DC location to exclude the test results.


Proposal 1:         It is proposed to consider solution 1 (report DC location of all the permutations of BWP combinations) as the basic solution if there is no RAN2 signaling overhead issue.
Proposal 2:         It is proposed to further discuss the dynamic solution 3 (report DC location based on NW request) and solution 4 (report DC location based on activated CCs/BWPs) if no feasibility issue in RAN1/2.

For the dynamic solution 3 and 4, it seems the impact to other group is much larger than the impact to RAN4 spec although this is added to RAN4 WID. If we look at the LS [5] from RAN4 to RAN2 on the 2CC case, what RAN4 can do is to clarify which factors will impact the static or dynamic DC location reporting and it is up to RAN1/2 to design the PHY or high layer solutions.
Observation 3:    In 2CC case, RAN4 only tell RAN2 about the factors that impact the DC location reporting rather than the solution itself.

Proposal 3:         RAN4 focus on the factors which will impact the dynamic DC location reporting and it is up to RAN1/2 to consider how to design the PHY or high layer solutions.

Regarding the factors that will impact dynamic DC location reporting, if we further look at the LS [5], it can be seen that the configured/activated CCs, configured/activated BWPs, PA architectures, and shared LOs still be the valid conditions as green highlighted below that need to be taken into account for the 15 CC cases.
	Secondly, the affecting factors of TX DC locations for intra-band UL CA in Rel16 should be focused on the following:

· The lowest and the highest CC configured
· The lowest and the highest CC activated 
· active BWPs in the lowest and the highest CC activated
· configured BWPs in the lowest and the highest CC 
Thirdly, RAN4 also identified relation between PA architecture, the number of TX DC locations and Tx DC location method:

· For UE indicating 1PA architecture, the number of DC location is one at an instant

· For UE indicating 2PA architecture, the number of DC location is up to two at an instant, in which one DC location serves for each PA

· each of the DC location can be reported based on one DC location method(s)

It should be note that, there are other factors that might impact the DC location such as “Active BWP in the CCs other than lowest and highest CC activated for more than 2UL CC cases” or “DL CC impact to UL DC location in the DL and UL LO dependency cases”, but RAN4 agrees to further study them in Rel-17.


Observation 4:    The configured/activated CCs, configured/activated BWPs, PA architectures, and shared LOs still be the valid conditions for the 15 CC cases.
However, there is no need to make such high resolution classification in dynamic reporting, e.g. RAN1/2 only needs to know the configured/activated CCs will impact the DC location rather than where the CC/BWP is located. 
Observation 5:    For dynamic reporting, the impact factors can be simplified.
Therefore, the factors that needs to be considered in dynamic reporting can be simplified as below.
Proposal 4:         It is proposed to consider the following simplified impact factors in dynamic reporting and inform RAN1/2.

	Impact factors
	Description

	CCs
	· DC location may change according to the configured or activated CCs

	BWPs
	· DC location may change according to the configured or activated BWPs

	PA architecture
	· For UE indicating N PA architecture, the number of DC location is up to N at an instant, in which one DC location serves for each PA

	DL impact to UL
	· DL CC impact to UL DC location in the DL and UL LO dependency cases, so the change of DL CC/BWP configurations might have impact to the UL DC location


3 Conclusion

Observation 1:    DC locations can be decided by the outermost CCs or BWPs for some UEs but is not for other UEs.

Observation 2:    Reporting all the BWP permutations might be possible but is not signaling efficient.

Proposal 1:         It is proposed to consider solution 1 (report DC location of all the permutations of BWP combinations) as the basic solution if there is no RAN2 signaling overhead issue.

Proposal 2:         It is proposed to further discuss the dynamic solution 3 (report DC location based on NW request) and solution 4 (report DC location based on activated CCs/BWPs) if no feasibility issue in RAN1/2.

Observation 3:    In 2CC case, RAN4 only tell RAN2 about the factors that impact the DC location reporting rather than the solution itself.

Proposal 3:         RAN4 focus on the factors which will impact the dynamic DC location reporting and it is up to RAN1/2 to consider how to design the PHY or high layer solutions.

Observation 4:    The configured/activated CCs, configured/activated BWPs, PA architectures, and shared LOs still be the valid conditions for the 15 CC cases.
Observation 5:    For dynamic reporting, the impact factors can be simplified.
Proposal 4:         It is proposed to consider the following simplified impact factors in dynamic reporting and inform RAN1/2.

	Impact factors
	Description

	CCs
	· DC location may change according to the configured or activated CCs

	BWPs
	· DC location may change according to the configured or activated BWPs

	PA architecture
	· For UE indicating N PA architecture, the number of DC location is up to N at an instant, in which one DC location serves for each PA

	DL impact to UL
	· DL CC impact to UL DC location in the DL and UL LO dependency cases, so the change of DL CC/BWP configurations might have impact to the UL DC location
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