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1. Introduction
In R2-20xxxxx (R4-2011906) [1], RAN4 indicated:
	RAN4 has come up with two candidates for enhancing the TX DC location signalling to accommodate UL CA
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
Ran4 recognises both methods have their advantages and disadvantages and would like RAN1 and RAN2 feedback feasibility of each method.


Further in RAN#89, an agreement on the DC location was made and recorded in the chairman minutes:
	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).


2. Discussion
2.1. Solution direction
Between the two solutions as mentioned in the RAN4 LS, we prefer solution 2 which means reporting DC location for each possible BWP permutation. For 2 CC’s as writing in the proposal agreed in RAN implies is the priority, this is manageable since it results in to reasonable number of permutations of simultaneously activated BWP’s and therefore theoretically possible DC locations.
2.2. BWP permutations
[bookmark: _Hlk54102282]According to Annex B.2 of TS38.331, the UE can be configured with up to 5 BWPs, i.e. the initial BWP + 4 dedicated BWPs. Also the deactivation of CC can affect the DC location. From these, we can conclude there can be up to 30 permutations in 2CC UL CA as follows, i.e. 6^2 minus 6 cases where PCell is deactivated.
Table-1: BWP permutations
	[bookmark: _Hlk54102495]BWP set #
	BWPs {PCell, SCell}

	1
	BWP#0, Deactivated

	2
	BWP#0, BWP#0

	3
	BWP#0, BWP#1

	4
	BWP#0, BWP#2

	5
	BWP#0, BWP#3

	6
	BWP#0, BWP#4

	7
	BWP#1, Deactivated

	8
	BWP#1, BWP#0

	9
	BWP#1, BWP#1

	10
	BWP#1, BWP#2

	11
	BWP#1, BWP#3

	12
	BWP#1, BWP#4

	13
	BWP#2, Deactivated

	14
	BWP#2, BWP#0

	15
	BWP#2, BWP#1

	16
	BWP#2, BWP#2

	17
	BWP#2, BWP#3

	18
	BWP#2, BWP#4

	19
	BWP#3, Deactivated

	20
	BWP#3, BWP#0

	21
	BWP#3, BWP#1

	22
	BWP#3, BWP#2

	23
	BWP#3, BWP#3

	24
	BWP#3, BWP#4

	25
	BWP#4, Deactivated

	26
	BWP#4, BWP#0

	27
	BWP#4, BWP#1

	28
	BWP#4, BWP#2

	29
	BWP#4, BWP#3

	30
	BWP#4, BWP#4



While the solution 2 as such is manageable to implement but there are improvements that can be made by simplifying the signalling and by excluding unlikely cases as discussed below.
2.3. gNB informs likely BWP permutations
It is unlikely that gNB will activate BWP’s independently for each CC part of the configured UL CA. The information transfer can be simplified greatly if gNB informs UE with a list of BWP permutations and UE responds with DC location for those permutations. This can be done so that the list is in the order of preference and then DC location is reported in that same order hence 4 bits are saved. 
Observation 1: Since the list of possible BWP permutations is long and for CA network may not even have intent to activate all possible permutations of BWPs, a convenient way to simplify is for network to provide a list of likely BWP permutations to UE 
It should be noted that the intent is to not restrict allowable permutations. The activation procedure should not be changed but this is to provide an opportunity to reduce the amount of BWP permutations.
This can be done by introducing 30-bit bitmap in RRC Reconfiguration, where each bit corresponds to one “BWP Set” in the table-1.
Proposal 1: Introduce 30-bit bitmap in RRC Reconfiguration, where each bit corresponds to one “BWP set”.
2.4. Report according to BWP permutation
The other notable thing here is that currently the DC location reporting is based on BWP. With CA the DC location report should be based on BWP permutation. This was mentioned also in [2] and it should be noted that RAN2 will need a new way to address the DC location.
Proposal 2: For intra-band UL CA, DC location is reported for each “BWP Set”.
2.5. 2 PA reference architecture
In case the UE reports 2 PA reference architecture for the intra-band band combination (by the UE capability parameter dualPA-Architecture), the UE should be allowed to report two DC locations. The TE or the network should be aware of the two simultaneous DC locations from the same UE.
Proposal 3: One or two DC location(s) are reported for each “BWP Set”.
2.6. Report based on affected CC
In case there are many CC’s configured, the DC will always land on only few specific CC’s regardless of the activated BWP in any CC as long as there is one BWP activated in every configured CC. In this case, it might make sense to only report the DC location for the CC that is affected. Instead of reporting DC location of every CC for each BWP permutation.
Proposal 4: DC location is reported for all or a subset of configured CCs.
2.7. [bookmark: _Hlk54102643]Exemplary ASN.1
Exemplary ASN.1 addressing the proposal 2, 3 and 4 as discussed in the previous sections is shown below.
	[bookmark: _Hlk54102893]UplinkTxDirectCurrentCA-List ::=    SEQUENCE (SIZE (30)) OF UplinkTxDirectCurrentCellList   OPTIONAL
NOTE: The first entry in the list corresponds to the BWP Set #1 and so on. The UE can choose not to include UplinkTxDirectCurrentCellList for a given BWP Set when not requested by the network.
UplinkTxDirectCurrentCellList ::=    SEQUENCE (SIZE (2)) OF UplinkTxDirectCurrentPerCell   OPTIONAL
NOTE: The first entry in the list corresponds to PCell and the second entry corresponds to SCell. The UE can choose not to include UplinkTxDirectCurrentPerCell for a given serving cell.
UplinkTxDirectCurrentPerCell ::=     SEQUENCE {
shift7dot5kHz                          BOOLEAN,
         txDirectCurrentLocation          INTEGER (0..3301)
}



3. Conclusion
In this document we discussed a solution for DC location reporting for intra-band UL CA.
Observation 1: Since the list of possible BWP permutations is long and for CA network may not even have intent to activate all possible permutations of BWPs, a convenient way to simplify is for network to provide a list of likely BWP permutations to UE 
Proposal 1: Introduce 30-bit bitmap in RRC Reconfiguration, where each bit corresponds to one “BWP set”.
Proposal 2: For intra-band UL CA, DC location is reported for each “BWP Set”.
Proposal 3: One or two DC location(s) are reported for each “BWP Set”.
Proposal 4: DC location is reported for all or a subset of configured CCs.
Exemplary ASN.1 code addressing proposal 2, 3 and 4 was also provided. RAN2 is kindly requested to discuss the proposed solution and respond to RAN4 LS [1] based on to RAN2’s conclusion.
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