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1	Introduction
In order to allow UE to DC location(s) for intra-band UL CA with 2 CCs and more for FR1 and FR2, and intra-band DL CA for FR2, UplinkTxDirectCurrentMoreCarrierList was introduced in Rel-17 under NR_RF_FR2_req_enh2 (see RP-221784]. Though an issue about signalling overhead was raised in RAN4 in R4-2210782, it was not fully addressed due to a lack of time to prioritize completing singling scheme over optimization in Rel-17 time-frame. We would also note that the signalling overhead issue was raised even in Rel-16 UL DC location discussion (see e.g. RP-202018, RP-201746, R4-2014714), where only 2 CCs intra band CA was in the discussion scope. Since it is challenging for RAN4 themselves to quantitatively discuss if the amount of signalling overhead due to permutations of BWPs, RAN2 discussion is required, and this contribution elaborates the issue and discuss a possible way to address it. 
2	Discussion
2.1	A case where CCs are owned by the same operator 
For this case, we assume that operator is using a contiguous spectrum are, divided to multiple CCs (e.g. wide-band FR2 operation). UL DC location reporting helps gNB to take some measures when the UL DC location(s) fall into the spectrum operated by the gNB, specifically when receiving a higher order modulation (e.g. 64QAM, 256QAM, 1024QAM) signal . We see at least the following cases, where UL DC location reporting can be utilized by gNB.
Case 1: A UE’s UL DC location overlaps with UL RBs allocated to the same UE (e.g. in Figure 1, gNB knows that UE1 is using the UL resources of CC6 where the UE1 DC location is)
Case 2: A UE’s UL DC location doesn’t overlap UL RBs allocated to the same UE, but overlaps with UL RBs allocated to another UE under the same gNB (e.g. in Figure 1, gNB knows that UE3 is using resources where UE2’s DC location is, while UE3’s DC location is between CC4 and CC5 and is not interesting to the operator).
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Figure 1. Relationship between UL DC location and UEs under the same gNB for contiguous CA
 
As depicted in Figure 1, UL DC locations from UE1 as well as UE2 seems useful as mentioned in Case 1 and Case 2. UL DC location falling into a guard band (GB) from UE 3 must not be useful at all, since the UL DC doesn’t impact on allocated RBs to any UEs under the same gNB. It’s noted that the information can be useful in order to ensure UE3’s performance requirements by allowing the UL DC location to have an exception (i.e. relaxation) in conformance tests.
Observation 1: If UL DC location falls into GB, the information is not useful to gNB (in real-life operation).
2.2	A case where CCs are owned by multiple operators 
In some cases, the entire band may not be held by one operator, but multiple operators may have different portion of frequency blocks in the band. Figure 2 shows a case that a gNB by operator A configures a UE with intra-band (non-contiguous) UL CA and the UE reports UL DC location, which network notices falls into operator B spectrum block. 
In this case, an operator A gNB UL signal quality is not impacted by the UL DC location by the UE using operator A spectrum. Hence, the information is not useful in real operation apart from conformance test aspects. 
Observation 2: UL DC location(s) information that falls into different operators’ spectrum block(s) is not useful to gNB (in real-life operation). 
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Figure 2. UL DC location of a UE under operator A falls into operator B spectrum
2.3	Permutations of BWPs by CA 
Since a UE can be configured with multiple serving cells, each with up to 4 BWPs, there are many possible permutations for the UL DC locations. This can cause signalling overhead if UE is to inform them all to the network. This signalling overhead issue was raised even in Rel-16 UL DC location discussion (see e.g. RP-202018, RP-201746, R4-2014714). However, since RAN4 could not directly discuss if the amount of signalling overhead due to permutations of BWPs and conclude whether it is a problematic situation since that is in RAN2 domain. Hence, the issue has remains unaddressed and RAN2 only discussed the issue based on the request-response mechanism, which allows network to decide whether to request the information or not.
Observation 3: Signalling overhead issue was raised even in Rel-16 (see RP-202018, RP-201746, R4-2014714) for the cases with only 2 CCs .
But looking at the current version of TS 38.101-2, we can see not only 2 CC cases, but rather e.g., 10 CC  cases such as CA_n260(10A). It is easily expected that the amount of signalling for e.g., CA_n260(10A) significantly increases compared to that for CA_260C. 
Moreover, CA_n260(10A) means 10 non-contiguous CC blocks, wherein some (or even many of) UL DC locations information may fall into positions where gNB either cannot take any measures or doesn’t have to do anything since the DC locations are outside the useful range. Hence, accordingly, the amount of (unnecessary and/or not useful) UL DC location information (i.e. information which cannot be utilized by the operator in real-life operation) may increase.
Observation 4: Provided that the number of CCs defined in RAN4 is up to 10 CCs for non-contiguous CA and 12 CCs for contiguous CA, the amount of signalling overhead for Rel-17 and beyond is significantly larger than that for Rel-16 and below.
Considering all the obtained observations, we note that having optimizations to the signalling would be useful to reduce the operational issues for an operator and reduce signalling overhead. Therefore, we propose the following.
Proposal 1: RAN2 to further discuss a way to reduce UL DC location signalling that cannot be actually utilized in real operation.
3	Conclusion
This documents has made the following observations:
Observation 1: If UL DC location falls into GB, the information is not useful to gNB (in real-life operation).
Observation 2: UL DC location(s) information that falls into different operators’ spectrum block(s) is not useful to gNB (in real-life operation). 
Observation 3: Signalling overhead issue was raised even in Rel-16 (see RP-202018, RP-201746, R4-2014714) for the cases with only 2 CCs .
Observation 4: Provided that the number of CCs defined in RAN4 is up to 10 CCs for non-contiguous CA and 12 CCs for contiguous CA, the amount of signalling overhead for Rel-17 and beyond is significantly larger than that for Rel-16 and below.
And proposed the following:
Proposal 1: RAN2 to further discuss a way for gNB to obtain meaningful UL DC location information that can be actually utilized in real operation instead of receiving all the UL DC location information.
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