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1. Introduction
A LS [4] is received from RAN4 on additional DC location reporting, where RAN2 is asked to implement the signalling in Rel-16 at least for FR1. 
In RAN89e, it is concluded that the RAN2 should provide RAN2-based signalling at least for 2UL CCs case:
Proposal: a mechanism of DC location reporting for intra-band UL CA should be specified in Rel-16
	•	RAN2 is tasked to provide at least one RAN2-based signalling solution for at least 2 UL CCs of intra-band UL CA in FR1 to RAN#90, considering forward compatibility to other combinations (more than 2 UL CCs and/or FR2) 
	•	Other solutions are not precluded and can be discussed in RAN1, RAN2 and RAN4. Selection between solutions can be discussed at RAN#90 or later (if possible).
	conclusion: proposal is endorsed

In this contribution, we will discuss the signalling report the addition DC location report for CA case.
2. Discussion
In Rel-15, UE DC locations reported by RRCReconfigurationComplete are indicated per cell per BWP, and it is confirmed by RAN1 that this mechanism may not work for intra-band UL CA, since UE may shift LO location following with CC activation/deactivation.
In Rel-16, RAN4 introduce FR1 intra-band CA feature and RF requirements, reuse Rel-15 DC location reporting will lead to performance degradation for FR1 UL 256QAM. After some discussion in RAN4, 2 solutions are proposed by RAN4 as below in the LS [1]: 
1) Report TX DC location after every activation of BWP’s including CC activation, BWP switching procedure, etc.
2) Report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs

In the first option, the UE needs to report DC location after every CC activation or BWP activation. Since BWP activation can be controlled by L1 signaling, the DC location report should be based on L1 signaling in this option to adapt to the fast CC/BWP activation. Based on the conclusion from RANP, at least RAN2 based signaling should be provided to RANP, therefore we suggest to progress signaling design based on the option2.
Proposal 1:  introduce RAN2 signalling to report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs.
Permutations of all possible simultaneously activated BWPs within configured BWPs would generally mean the UE has to iterate all the subset CCs combinations and BWPs combination for a configured CC combination. The maximum number of CCs/BWPs combination would be: 
4n+C nn-14 n-1 + C nn-24 n-2+…+ C n24 2+ C n14   where 4 is number of BWPs for a CC
	Number of carrier
	maximum number of CC/BWP combination

	2
	20

	3
	124

	4
	496

	…
	…



From the result, it is possible for the case where the UL CC number is very limited. But it is not further proof considering the exponential increase of permutations with the increasing of UL CC number. Actually, we don’t need to iterate all the subset CCs combinations considering the DC location is only impacted by the lower bound frequency and upper bound frequency of an activation CC combination. For example, given the UE configured with 4 UL CCs as the following figure, the DC location for case1 and case 2 is same, but is different for case3.
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Figure1 DC locations for different activation CC combinations
I.e., the DC locations for a CA combination are determined by the activated lower bound CC in the lowest frequency and activated upper bound CC in the highest frequency. The activation/deactivation of CCs between the two bounds will not impact the DC location. For example, if the UE indicates DC location for CC1/CC4 pair, all the subset combinations with CC1/CC4 as lower/upper bound (CC1/CC2/CC4, CC1/CC2/CC3/CC4, and CC1/CC3/CC4) will use the same DC location. 
Therefore, the UE only needs to indicate possible DC locations for all the 2CCs pairs within the configured CA band combination, and DC location for a (subset)CC combination is same as the DC location reported for a related CCs pair which is determined by the lower/upper bound CCs for the subset CC combination. For each CC pair, the UE indicates DC locations for all possible BWP pairs across CCs. The example of the signaling would be:
	CC pairs
	DC location for BWP pair1
	DC location for BWP pair2
	…
	DC location for BWP pair16

	CC1/CC2
	Value
	Value
	
	Value

	CC1/CC3
	Value
	Value
	
	---

	CC1/CCx
	Value
	Value
	
	--

	CC2/CC3
	Value
	Value
	
	--

	….
	--
	--
	
	--



With this compress, the maximum number of possible DC locations for UL CA with nth UL contiguous carrier in a band would be [42* C n2]. If the UE is not configured with 4 BWPs for each carrier, the total number could be reduced further. Therefore, it should be acceptable from the signaling point of view.
Proposal 2: the UE indicates possible DC locations for all the 2CCs pairs within the configured CA band combination and for each CC pair, and the UE indicates DC locations for all possible BWP pairs across CCs.
Proposal 3: DC location for a (subset) activated CC combination of configured CA band combination is same as the DC location reported for a related CCs pair which is determined by the lower/upper bound CCs for the subset CC combination.
The current DC location report of non-CA case is controlled by reportUplinkTxDirectCurrent in RRC Reconfiguration message. Since the legacy network will not use the DC locations for CA cases, one similar flag is also needed to control the DC locations report for CA cases.
Proposal 4: add a flag in RRC Reconfiguration message to control the DC locations report for CA cases.
3. Conclusion
Based on the above discussion, we recommend RAN2 to discuss and adopt the following proposals: 
Proposal 1:  introduce RAN2 signalling to report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs.
Proposal 2: the UE indicates possible DC locations for all the 2CCs pairs within the configured CA band combination and for each CC pair, and the UE indicates DC locations for all possible BWP pairs across CCs.

Proposal 3: DC location for a (subset) CC combination of configured CA band combination is same as the DC location reported for a related CCs pair which is determined by the lower/upper bound CCs for the subset CC combination.
Proposal 4: add a flag in RRC Reconfiguration message to control the DC locations report for CA cases.
Proposal 5: to agree the corresponding CR as shown in Annex.
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