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1.	Introduction
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).
In this paper we discuss a solution that accommodates all Rel-15 features and is future compatible to Rel-16 and Rel-17. With this approach 3GPP can avoid working on DC location reporting solution every release and simplifying options.   
2. 	Discussion
2.1	Solution 2
The discussion in the plenary was leaning towards solution 2 [1] which means reporting DC location for each possible BWP permutation. For 2 CC’s as writing in the agreed proposal implies is the priority, this is manageable since it results in to maximum 16 permutations of simultaneously activated BWP’s and therefore theoretically possible DC locations. Each DC location needs 8 bits and on top of that an indication which CC DC resides and which BWP permutation is being considered so for 2CC case 8 (DC location) + 1 (CC) + 4 (BWP permutation) bits are needed and this needs to be repeated 16 times and this results in to 16 x 13 = 78 bits of information transfer.
2.2	Improvements for solution 2
Solution 2 as such is manageable for ran2 to implement but there are improvements that can be made by simplifying the signalling and by excluding unlikely cases. 
2.2.1	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. 
2.2.2	Report according to BWP permutation
The other notable thing here is that currently the reporting is based on BWP. With CA the DC location report should be based on BWP permutation. This is mentioned also in [1] and it should be noted that ran2 will need a new way to address the DC location. 
Observation 2: RAN2 will need to develop new method to index the DC location for CA  
2.2.3	2 PA reference architecture
In case UE reports 2 PA reference architecture, UE should be allowed to report two DC locations. This aspect is not addressed in the 38.101-1 now but if the MPR’s are derived with this assumption, also the TE and network should be aware of the two simultaneous DC’s from same UE. How to address this should be designed in to new CA DC location signalling.  
Observation 3: With 2 PA reference architecture, two simultaneous DC locations need to be signalled
2.2.4	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 for each BWP permutation for each CC, for example when 8 CC are configured, UE would tell to network that DC would is always in CC 3 and 4 and only report the location for those.  
Observation 4: In some cases, DC is never located in some CC’s and UE will not include DC location those CC’s
2.2.5	Some BWP’s have no effect on DC location
UE can report that the DC location is not affected by activated BWP in some CC. In some case, say 4 CC case, the DC location is not affected by which BWP is activated in the two center CC’s as long as one BWP each is activated. UE can inform network that in its list for preferred BWP permutation, it can ignore the two center CC’. 
Observation 5: Network can reduce the list of BWP permutations if UE informs that some BWP’s have no impact on DC location
2.3	Framework for future compatibility
For future compatibility for CA, the DC location should be reported in RRC reconfiguration complete message as a function of provided preferred BWP permutation list from gNB. In this way all the redundant information can be removed from this interface and the cases for which gNB is likely to configure UE will ensure the location is known and quality of the transmission is ensured. Also this enables the TE to configure only the preferred test configurations.  
DC location should be reported by the UE only for the CC’s that contain the DC i.e. UE should not repeat the “outside any subcarrier” information for the CC’s it does not locate the DC. 
In addition, for the case when UE reports that it employs 2 PA’s, the framework should recognise two DC locations for each BWP permutation. 
Information of this framework should be sent to ran2 with an LS. 
Proposal: Send LS to ran2 about the future proof DC location framework information. 
Conclusion
We discussed possible ways to simplify the information of DC location information and made five observations:
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 
Observation 2: RAN2 will need to develop new method to index the DC location for CA  
Observation 3: With 2 PA reference architecture, two simultaneous DC locations need to be signalled
Observation 4: In some cases, DC is never located in some CC’s and UE will not include DC location those CC’s
Observation 5: Network can reduce the list of BWP permutations if UE informs that some BWP’s have no impact on DC location
And made one proposal:
Proposal: Send LS to ran2 about the future proof DC location framework information. 
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Appendix: Proposed LS
1. Overall Description:
RAN4 has discussed the DC location reporting issue based on plenary guidance and came to the following conclusion on ways to reduce the complexity to accommodate multiple CC’s and simplify the information transferred:

For future compatibility for CA, the DC location should be reported in RRC reconfiguration complete message as a function of provided preferred BWP permutation list from gNB. In this way all the redundant information can be removed from this interface and the cases for which gNB is likely to configure UE will ensure the location is known and quality of the transmission is ensured. Also this enables the TE to configure only the preferred test configurations.  
DC location should be reported by the UE only for the CC’s that contain the DC i.e. UE should not repeat the “outside any subcarrier” information for the CC’s it does not locate the DC. 
In addition, for the case when UE reports that it employs 2 PA’s, the framework should recognise two DC locations for each BWP permutation.


2. Actions:
To RAN WG2.
ACTION: RAN WG4 asks RAN WG2 to kindly take the above agreement into account for developing their new signalling framework that accommodates DC location reporting for UL CA. 
