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Introduction
In RAN #89e, the following proposals were endorsed regarding DC location reporting from RP-202018. 
	Proposal (finetuning): 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 FR1 to RAN#90, and consider applicability of the solution to more than 2 UL CCs and/or FR2 (including forward compatibility)
· 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 document, we would like to provide our view.
Recap of RAN4/RAN plenary discussion
DC location reporting is introduced in NR Rel-15, in which the UE report txDirectCurrentLocation per serving cell for each configured UL BWP. 
However, RAN4 agree to introduce additional DC location reporting for intra-band UL CA because the real DC location should be determined per active BWP pair [2]. It means that the DC location is changed depending on the active BWPs across CCs. RAN4 has come up with two options as follows. 
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 our understanding, option 1 requires PHY/MAC signalling for DC location because CC activation and BWP switching is performed dynamically via PHY or MAC signalling. On the other hand, option 2 can be implemented with RRC signalling similar to existing DC location reporting. 
During RAN plenary email discussion, most companies prefer option 2 with concern on potential signaling overhead with option 1. BWP switching is performed by PDCCH, RRC and timer based. The UE may need very frequent reporting because BWP switching can happen frequently.  In addition, it was also concerned that option 1 requires spec impact in both RAN1 and RAN. 
On the other hand, option 2 is also concerned due to scalability issue. For example, if the UE supports 2 CCs and 4 BWPs, 16 DC location information need to be reported. It will be increased with respect to the number of CCs and the number BWPS. For 16 CCs with 4 BWPs, this would require 4.2 billion entries.   Due to this reason, RAN concluded that RAN2 focus on 2 UL CCs and FR1. 
RAN2 based solution

Whether we go with general solution or simple solution targeting 2 UL CCs? 
It would be usual for RAN2 to define signalling to be future proof because frequency band/band combination can be added later in release independent manner. However, in this issue, signalling can be quite complicated due to the nature of possible combinations. For example, if M is the number of BWPs and N is the number of CCs, we need to signal ((M+1)^N-1) of DC location information. As shown in the below table assuming the # of BWP is 4, the # of DC information is easily going beyond the practical number. 
	# of CCs
	3
	4
	5
	6
	7
	8

	# of DC information
	124
	624
	3124
	15624
	78124
	390624



RAN2 could try to optimise signalling to avoid excessive signalling but it would require more discussion/information from RAN4. Given that Rel-16 is already completed, it is not desirable to prolong this discussion. Therefore, as RAN plenary tasked, RAN2 should design signalling assuming for 2 UL CCs in FR1. However, it should be supported for 2 UL CCs in FR2. 
[bookmark: pro1]Proposal 1: RAN2 agree to design signalling to support up to 2 UL CCs in both FR1 and FR2. 
Is there any need to consider SUL? 
If SUL is supported, the possible combination of BWPs per cell will be increased twice (i.e. up to 8) not up to 4. However, RAN4 has not defined intra-band UL CA with SUL. 
Even if SUL is supported with intra-band UL CA, SUL band will be in the different band from the band in the intra-band UL CA. So, it won’t affect DC location for intra-band UL CA. 
Therefore, it is pragmatic approach not to consider SUL for the new DC location reporting signaling.
[bookmark: pro2]Proposal 2: RAN2 agree not to consider SUL in DL location information signaling. 
The relationship with the existing DC location information
According to RAN4 LS [2], one DC location is determined for single PA, while two DC location is determined for dual PA. If UE supports 2CCs UL CA with dual PA, the existing DC location information per cell and per BWP can be still applicable. If UE supports 2 CCs UL CA with single PA, one DC location should be reported in addition to existing DC location reporting. 
[bookmark: pro3]Proposal 3: RAN2 confirm that the existing DC location information is still used for the case where the UE supports dual PA and also for the case where SCell is deactivated. 
Detailed signaling
[bookmark: _GoBack]Since DC location is varied actual activated CCs and activated BWP, DC location information is needed per CC/BWP pair. The remaining question is whether we need to add explicit cell ID and BWP ID information. In Rel-15 DC report information, the UE includes Serving cell index and BWP ID explicitly although the UE needs to provide DC information for all CCs and BWP ID. Similar to Rel-15, it is possible to include serving cell index and BWP ID for each DC location information for paired DC location information. However, it would not be essential given that all combinations will be included. Especially, as only 2 CCs (PCell + SCell) is considered, serving cell index seems redundant.
[bookmark: pro4][bookmark: _Toc20433075][bookmark: _Toc20853838][bookmark: _Toc20853977]Proposal 4: RAN2 agree that one entry of additional DC location is defined per each CCs and BWPs pair. 
[bookmark: pro5]Proposal 5: RAN2 agree that serving cell index is not included but BWP ID can be included. 
The example ASN.1 structure is shown below. The size of IE is 16 to accommodate up to 4 BWPs and we assume that no BWP in one serving cell case is covered by the existing signalling as proposed in proposal 3. 

UplinkTxDirectCurrentCell-v16xy ::=           SEQUENCE {
    
    uplinkDirectCurrentperBWP-pair-r16     SEQUENCE (SIZE (1..16)) OF UplinkTxDirectCurrentBWP-pair-v16xy,
    
}

UplinkTxDirectCurrentBWP-pair-v16xy ::=            SEQUENCE {
    bwp-Id1									 BWP-Id,	--BWP id of PCell
    bwp-Id2									 BWP-Id,	--BWP id of SCell	
    shift7dot5kHz                           BOOLEAN,
    txDirectCurrentLocation                 INTEGER (0..3301)
}


Conclusion
In this contribution, we discussed some aspects of DC information reporting mechanism and required signalling. Our observations and proposals are summarized as follows. 
Proposal 1: RAN2 agree to design signalling to support up to 2 UL CCs in both FR1 and FR2. 
Proposal 2: RAN2 agree not to consider SUL in DL location information signaling. 
Proposal 3: RAN2 confirm that the existing DC location information is still used for the case where the UE supports dual PA and also for the case where SCell is deactivated. 
Proposal 4: RAN2 agree that one entry of additional DC location is defined per each CCs and BWPs pair. 
Proposal 5: RAN2 agree that serving cell index is not included but BWP ID can be included. 
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