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1. Introduction
In RAN#90e, DC location reporting for intra-band UL CA is discussed again in [1] with the below conclusion:
	Proposal 2ter: RAN to task RAN2 to complete the Rel-16 RRC based DC location reporting signalling for 2 UL CCs in RAN#91e, i.e. RAN2 should provide either agreed or, if agreement is not possible, technically endorsed CRs to RAN#91e, addressing the case of 2 UL CCs. It would be better if solutions also consider the signalling overhead and future proofness aspects.
conclusion: proposal 2ter is endorsed


The conclusion is toned down from the last one in RAN#89e and the focus now is to have a solution for 2 UL CCs while the future proofness aspects need to be considered. The two RAN4 LSes are in [2][3].
2. Discussion
For CA with 2 UL CCs, when UE can be configured with up to four BWPs for each cell, there are 16 permutations of possibly simultaneously activated BWPs. This leaves 16 possible TX DC locations for one implementation with single PA architecture. One RRC based DC location reporting is then simply to report each one of the 16 possible Tx DC locations based on the simultaneously activated BWPs. The scalability concerns are mainly related with when the number of supported CCs is larger than 2, and for 2CCs with 16 permutations, the signalling overhead seems to be within a reasonable level. 
In the intra-band UL CA, the DC location may lie outside the currently used BWPs or even outside the bandwidth of the currently used UL carriers in a non-contiguous intra-band UL CA setup. Thus, one can re-use the field txDirectCurrentLocation as in the single BWP case and supplement it with the location indication for the carrier. The field subcarrierSpacing is added since it is part of the configuration for the BWP. The below is an example IE for this report. The rough estimation is that this IE needs 5 bytes and thus the reporting requires 80 bytes in the case of 2 UL CCs. 
UplinkTxDirectCurrentUL-CA-r16 :: = SEQUENCE {
	...,
    absoluteFrequencyPointA             ARFCN-ValueNR,
    shift7dot5kHz                       BOOLEAN,
    txDirectCurrentLocation             INTEGER (0..3299),
    subcarrierSpacing                   SubcarrierSpacing,
}

As discussed in our previous paper [4], if structural information can be provided by RAN4,  RAN2 can exploit it to reduce the number of reporting permutations. Per the quoted text in the LS below, if there is a third CC that is to be configured/activated between the lowest and the highest CC configured/activated, then the TX DC location is the same. 
	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


This is illustrated in the below, i.e., all four cases are assumed to have the same DC location, regardless on which of the two other CCs (CC2, CC3) is activated/configured or not.
[image: ]
However, RAN4 also acknowledges 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”, but RAN4 agrees to further study them in Rel-17. In other words, the RRC reporting of all permutations of 2 UL CCs can only be future-extensible to a restricted UE implementation. 
More importantly, even if future-extensible, it incurs a large signalling overhead. UE needs to report on RRC level all possible combinations of any two UL CCs (corresponding to the lowest and the highest CC activated) and, for each combination, there is a need to report 16 permutations. This adds another level of signalling complexity. Suppose there are N UL CCs, then UE needs to report on RRC level (N choose 2) * 16 combinations, e.g., if there are 8 UL CCs, the number of DC reports is 448 and if there are 16 UL CCs, the number of DC reports is 1920. Therefore, for the case of 8 configured UL CCs, the report has a size of roughly 2.5 K Bytes and for 16 UL CCs, it even exceeds the maximum support PDCP packet size of 9 K Bytes. This is clearly not a solution that has considered the signalling overhead. 
Observation 1: RRC reporting of all permutations of 2 UL CCs can only be extended in a restricted UE implementation and has a large signalling overhead.
As RAN plenary conclusion also indicates that the signalling overhead and future proofness aspects need to be considered, we propose
Proposal 1: RAN2 to indicate if the adopted solution is future extensible and, if so, if its signalling overhead is acceptable. 
Per the above yellow highlighted texts, RAN4 seems to consider both the configured and the activated UL CCs. It is then not clear what the RAN plenary conclusion of 2 UL CCs refers to, although it is in our understanding that this refers to the case of 2 configured UL CCs, rather than 2 activated UL CCs out of more than 2 configured UL CCs. It is good to confirm our understanding to avoid confusions in the discussion, and thus we propose that
Proposal 2: RAN2 to confirm that the RAN plenary conclusion indicates the case of 2 configured UL CCs. 

[bookmark: _Hlk61532390]To have a solution that works for more than 2 UL CCs and have a limited signalling overhead, it is well understood among companies that more RAN4 information is needed. Indeed, RAN4 is still discussing these issues, see LS [3]. In case more information can be provided in the coming 3GPP meeting cycle, it is not precluded that RAN2 can work on those, strive for a future-extensible solution with reasonable signalling overhead and meet the RAN plenary conclusion. In what follows, we present our preferred future-extensible solution. 
The purpose of reporting UL TX DC location is due to the LO-leakage. It is understood that, only for higher-order modulation formats like 256 QAM, the LO-leakage is large enough to impact the UL receive performance. On the other hand, upon configuration of a new component carrier or BWP, the 256QAM may not be scheduled immediately in that BWP/CC. Moreover, the TX DC location may be used by the gNB for improving the receive performance for a specific UE only after an evaluation period (e.g. based on actual uplink performance). In other words, the DC-location is not time-critical for the gNB to acquire. Before gNB knows the exact DC location, it can assume a value of 3300 (outside of the carrier) or 3301 (undetermined position within the carrier). Thus, a gNB request and UE response approach can be used to request the Tx DC location for the currently activated BWPs. Therefore, we believe this is a future extensible solution 
Proposal 3: A future extensible solution to any number of UL CCs is gNB request method for UE to report the TX DC location for the currently activated BWPs.
3. Conclusion
In the previous section, we made the following observations: 
Observation 1: RRC reporting of all permutations of 2 UL CCs can only be extended in a restricted UE implementation and has a large signalling overhead.
We also have the below proposals:
Proposal 1: RAN2 to indicate if the adopted solution is future extensible and, if so, if its signalling overhead is acceptable. 
Proposal 2: RAN2 to confirm that the RAN plenary conclusion indicates the case of 2 configured UL CCs. 
Proposal 3: A future extensible solution to any number of UL CCs is gNB request method for UE to report the TX DC location for the currently activated BWPs.
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