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1	Introduction
This documents reports on the following email discussion during RAN#89-e:

[89E][08][DC_location reporting_UL-CA]
Goal: Determine a way forward
Input contributions covered:  RP-201746

The input contribution addresses DC location reporting in intra-band UL CA for Rel-16.

Initial round of discussion is over (see section 2 for responses and moderator’s summary).
Intermediate round of discussion is over (see section 3 for responses).
Section 4 provides the intermediate summary and the updated proposal.

Instructions for naming the file after updating:
After update by company B: filename-v220-companyA-companyB
After update by company C: filename-v221-companyB-companyC

2	Initial round discussion
Companies are invited to provide their views on the 3 proposals below from RP-201746 for Rel-16.

Proposal 1: The mechanism of Additional DC location reporting for intra-band UL CA should be fulfilled in Rel-16. 

	Company
	Comments

	Apple
	What is the meaning of additional DC location? Does it mean that there would be more than one DC locations in UL CA?

	Intel
	RAN1 received LS R4-2011906 (sent to RAN1 and RAN2) from RAN4 two days before RAN1 102e was finished. We would like to discuss in the upcoming RAN1 meeting rather than plenary meeting.

	Qualcomm
	We support adopting a solution in Rel-16. However, we could only agree to a solution that applies to also FR2 and to all general UL CA scenarios. That means that the solution must work with more than 2 UL CCs as well. 

	MediaTek
	Agree that there are issues to be resolved in Rel-16 and okay to make decision in RAN to reduce RAN1/2 loading.

	ZTE
	We are fine to resolve the issue related to additional DC location reporting for intra-band UL CA in Rel-16.
Regarding whether to resolve this issue in RAN or in upcoming RAN1 meeting, we are fine with either way.

	OPPO
	In our understanding the proposal 1 means introduce the exact DC location reporting for intra-band UL CA in addition to the current 3300/3301 reporting for UL CA, if this is the case then we support the proposal and find solution for Rel-16.

	Ericsson
	Yes, we are fine with introducing this signalling.

	Huawei
	We support the proposal to specify the mechanism in Rel-16, otherwise there will be a performance degradation for intra-band UL CA especially in FR1 with UL 256QAM.

FR1 intra-band UL CA is introduced in Rel-16, and UL 256QAM modulation order is already specified. The corresponding reporting mechanism should be introduced in Rel-16 to ensure the performance upon intra-band UL CA. Considering we have stepped into the end of Rel-16 work, the mechanism which has no impact to RAN1 spec is preferred.

RAN4 feature list LS R4-2011679 which includes “additional DC location reporting UE capability” was already sent to RAN2 during the 1st week of last RAN2 meeting, but the UE capability is not included in RAN2 spec because RAN2 thinks the mechanism is not in consensus. This is why we provide this discussion to RAN plenary to make sure this feature is introduced in Rel-16 and corresponding mechanism be completed in Rel-16.

	Vivo
	Support try to find a solution for Rel-16. 

	Skyworks
	A solution needs to be found for rel 16 and enable dynamic behaviour of the UE 

	Samsung
	Since RAN4 has already agreed the LS to RAN1/2, solution is required in Rel-16. However, whether RAN2 can manage to introduce signalling in Rel-16 timeframe shall be checked in next Ran2 meeting before we conclude whether solution can be completed in Rel-16 timeframe  Overall, we think it shall be WG level discussions. 

	Nokia
	Yes, that is why RAN4 sent an LS of R4-2011906.
It is true that “Additional DC location reporting for intra-band UL CA” should be defined since RAN4 spec has already incorporated that term in the spec. Otherwise, RAN4 spec should be revisited.

	CATT
	We agree to find a solution in Rel-16. But signalling details should be discussed in WG level.




Proposal 2: Adopt solution 2 for intra-band UL CA DC location reporting in Rel-16, target RAN2 to complete in #112-e meeting.
· Solution1: Report TX DC location after every activation of BWP’s including CC activation, BWP switching procedure, etc.
· Solution2: Report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs


	Company
	Comments

	Apple
	It is not clear to us how the solution 2 works? How many permutations are possible? Does it depend on the carrier channel bandwidth of each CC and the frequency gap between the two CCs? Does it depend on 1 PA or 2 PAs being used? 

	Intel
	RAN1 received LS R4-2011906 (sent to RAN1 and RAN2) from RAN4 two days before RAN1 102e was finished. We would like to discuss in the upcoming RAN1 meeting rather than plenary meeting.

To give our technical views, neither solution 1 nor solution 2 is desirable (that is why we want to continue discussion in the upcoming RAN1 meeting):

· For option1:
· BWP changes in RAN1 can be conducted using PDCCH (DCI), RRC, and timer based. Therefore, to enforce UE to report new DC location every time BWP is changed seems to create a lot of overhead. 
· Furthermore, for PDCCH or timer based methods, UE cannot initiate the DC location signaling, as RAN2 has define this as a piggyback reporting. So gNB must imitate the request first. 
· This means for PDCCH and timer based BWP switching there could be a time period before RRC signaling is exchanged where gNB is unaware of the DC location for uplink (time between BWP switch triggered by L1, and RRC signal exchange).
· Therefore, may not be an attractive solution.
· For option 2:
· The signaling required for this is exponential. For example, to indicate 2 CC each with 4 BWP, UE needs to indicate 4 x 4 = 16 DC location entries. For 16 CC each with 4 BWPs, this would require 4.2 Billion entries.
· So the solution really doesn’t scale.
· Furthermore, there could be many situations where the DC location is unchanged regardless of BWP position due to how the UE is implemented. 

	Qualcomm
	Solution 1, would mean to send and RRC message in response to a DCI command, which can lead to difficult changes and would come a bit too late, so we prefer to work on enhancement based on Solution 2. 
All permutations should be baseline with appropriately condensing the information. 

	MediaTek
	Solution 1 has large RAN1 spec impacts so it’s not feasible to complete the design within Rel-16 timeline, given limited RAN1 TUs reserved for Rel-15/16 maintenance. If restricted to FR1 UL CA with up to 2 carriers only in Rel-16, solution 2 is feasible and a better solution.

	ZTE
	Based on our understanding, solution 1 may have both RAN1 and RAN2 specification impact and UE may need to report the DC location frequently if BWP switching happens frequently, which may lead to heavy signalling overhead.
Solution 2 is viable at least for Rel-16 UL CA as the number of UL CCs are small. Some further enhancement may be needed for the future release as the number of UL CCs become larger.

	OPPO
	Ok with solution 2 and limit to 2 UL CC in Rel-16. This means in the Rel-16 only 2UL CC is supported for DC reporting, and in Rel-17 if more UL CCs are introduced then how to handle the DC reporting can be further discussed.

	Ericsson
	We think that plenary can agree that this signalling shall be RAN2-based signalling, i.e. not RAN1-based. Then leave the details to RAN2, with input on requirement on the signalling from RAN1/RAN4.

	Huawei
	Considering solution 1 has large RAN1 spec impacts and urgency to introduce the signalling in Rel-16, we prefer solution 2 (limited to RRC signalling). For FR1, the maximum CC number is 2, so there are 16 permutations in maximum for FR1 intra-band UL CA signalling.
For FR2, we think it is not urgent for introduction of the signalling because FR2 adopts super heterodyne architecture, and the LO leakage is not severe in nature. If companies want to introduce it for FR2 as well, we are open to discuss how to optimize the permutations based on solution 2.

	vivo
	It is understandable that solution 1 would impact RAN1 more compared to solution 2. Solution 2 looks good for 2UL CC case and may serve as an solution for Rel-16 and FR1 only.

	Skyworks
	depending on the scheduled BW parts, the configuration may be supported by different PA architecture depending on the overall TX BW. We prefer solution 1 in proposal 2

	Samsung
	We think it is WG level discussion unless RAN1/2 cannot complete any signalling for Rel-16 after RAN4 agreed on either solution 1 or 2. Otherwise, Ran4 shall continue the discussions in next RAN4 meeting  

	Nokia
	This should be discussed in the next RAN1 and RAN2 meeting.
<Reason>
Though this issue should be resolved in Rel16 as much as possible as commented in the proposal 1, we believe firstly the resolution should be technically discussed in RAN1 and RAN2 based on the LS(R4-2011906). There is no reason to discuss this in RAN since whichever proposal is selected, that will not be incorporated into RAN2 spec before Dec RAN#90e. In addition, some other alternatives may be provided. No reason to rush into the conclusion.

	CATT
	To minimize the specification impact at such late stage of Rel-16, we prefer to develop RAN2 based signalling considering solution 2 for 2CC CA in FR1. Signalling details can leave to RAN2 discussion. 




Proposal 3: DC location reporting enhancement can be further discuss in Rel-17.

	Company
	Comments

	Apple
	What is the enhancement to be considered? 

	Intel
	RAN1 received LS R4-2011906 (sent to RAN1 and RAN2) from RAN4 two days before RAN1 102e was finished. We would like to discuss in the upcoming RAN1 meeting rather than plenary meeting.

For the specific question, we are open to further discuss in Rel-17.

	Qualcomm
	We can discuss enhancements in Rel-17 after the Rel-16 is method is solved. 

	MediaTek
	Cases other than FR1 UL CA with up to 2 carriers can be considered in Rel-17.

	ZTE
	We can first discuss and determine the Rel-16 solution first. The related Rel-17 discussion can be carried out later if necessary.

	OPPO
	Ok with the proposal, as this solution is restricted to 2UL CC, how to handle more UL CCs can be further discussed.

	Ericsson
	Can be discussed if/when we have a specific proposal on the table.

	Huawei
	In Rel-16, DC location for FR1 intra-band UL CA with up to 2 carriers is with the 1st priority, other FR1 case and FR2 cases can be solved together if possible. If not, we can further enhance it as leftover in Rel-17.

	vivo
	Further enhancements can be discussed in Rel-17, since the current proposed method is only applicable to UL 2CC case.

	Samsung
	Similar comments as proposal 1. We think whether to further enhance DC location is somehow depends on Rel-16 discussions

	Nokia
	No need to discuss the necessity in this RAN.
<Reason>
Necessity of enhancement depends on the outcome of the next RAN1 and RAN2 WG meeting. It would be true that a selected resolution for Rel16 would be the one without drastic RAN1 and/or RAN2 spec changes. Still, however, the necessity is not justified at this moment since some other ideas based on the current signalling mechanism may resolve the issue without requiring a further enhancement. 

	CATT
	Open for further discussion depending on the scenarios and problems to be solved.



3	Intermediate round of discussion
Moderator’s summary of first round discussions

Companies generally agreed that the mechanism of additional DC location reporting for intra-band UL CA (as described in LS R4-2011906) should be specified in Rel-16, since the concept is already incorporated in RAN4 specifications and LS provided to RAN2 and RAN1, but the detailed signaling solution is missing. In that sense, simply agreeing on proposal 1 may not provide much additional guidance than the current status.

Qualcomm mentioned that the Rel-16 solution should also apply to FR2 and to more than 2 UL CCs, while a majority of companies would accept limiting the Rel-16 solution for 2 UL CCs and FR1 for simplicity. On the signalling framework, most companies have a preference with a RAN2-based signalling solution in Rel-16 because a solution requiring L1 impact may not realistically be feasible in Rel-16. However a few companies requested to discuss solutions in WGs, knowing that RAN1, RAN2 and RAN4 would be involved. It was not clear from the discussion how much additional impact would be needed for solution 1 to be applicable to more than 2 UL CCs and FR2, while for solution 2 the RRC signalling overhead could be addressed with some form of compression.

From the moderator’s perspective, a likely outcome of going back to the WGs without a guidance from RAN plenary is that no solution will be agreeable for Rel-16. With this consideration, the following is proposed as guidance from RAN:

Proposal (second round): a mechanism of DC location reporting for intra-band UL CA should be specified in Rel-16 at least for 2 UL CCs and FR1
· RAN2 is tasked to provide at least one RAN2-based signalling solution to RAN#90, and if feasible consider additional applicability of the solution to 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).


Companies are invited to provide their comments on the second round proposal, as well as any relevant follow-up to the first round discussion and questions raised in the moderator’s summary.

	Company
	Comments

	Qualcomm
	We would like to mildly push the proposal to the direction to enable future compatibility of the developed solution and enable it to cover existing scope of the requirements. So can we remove the “at least to 2 CC’s” in the main proposal and leave the agreement unbiased in terms of the scope of the solution. We can leave consider the feasibility of the solution to > 2 UL CC’s. 


	OPPO
	Future compatibility is desired, but not sure whether RAN2 have enough time to discuss/design the signalling in the end of Rel-16. Therefore, maybe we can say RAN2 is tasked to provide solution for UL CA DC location reporting with the consideration of future compatibility, however, if this is not achievable, then at least the solution for 2UL CCs in Rel-16 shall be introduced.

	Intel
	We are fine with moderator’s proposal assuming this is for Rel-16.

As explained before, neither solution 1 nor solution 2 is attractive in terms of L1/2 spec impact and feasibility (signalling storm). If we strive for future proof and generic solution, we prefer to discuss in Rel-17.

	CATT
	We are fine with moderator’s proposal. 

	ZTE
	We are fine with moderator’s proposal. 

We understand companies’ concern about the future compatibility, but it may be difficult to come up with any fancy solution to address all the concerns within such limited time. Thus, we are fine to focus on 2 FR1 UL CCs in Rel-16 first.

	Ericsson
	If in the future, we would need to extend this to other scenarios than only the "2 UL CC and FR1"-scenario, it is important that RAN2 does not specify a solution which will not scale in the future. E.g. use a signalling mechanism which would make it impractical to support more CCs, etc.

	Skyworks
	It may be a detail but for forward compatibility the solution must ensure that DC location is properly reported for ULCA supported by both 1PA and 2PA architecture

	MediaTek
	We are supportive to moderator’s proposal.
It’s reasonable to limit Rel-16 support for the feature to up to 2 FR1 UL CCs only.
However, we also understand some companies’ concerns on forward compatibility to more than 2 UL CCs and FR2 so we’re okay to consider the forward compatibility for the signalling design.

	Nokia
	The moderator’s proposal looks reasonable.
We, however, would like to seek for possibility to enable future compatibility of the solution to be developed as much as possible as Qualcomm mentioned. On top of Qualcomm’s modification, we would like to delete “if feasible” since that terms originally intended if the solution for FR1 2UL CCs is feasible to apply it to more than 2UL CCs and/or FR2.
Proposal (second round): a mechanism of DC location reporting for intra-band UL CA should be specified in Rel-16 at least for 2 UL CCs and FR1
· RAN2 is tasked to provide at least one RAN2-based signalling solution to RAN#90, and if feasible consider additional applicability of the solution to 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).


	Huawei
	We are fine with moderator’s proposal.

Solution 2 only has L3 spec impact, and optimization could be considered in WG meeting to avoid the signalling storm for more than 2CCs case.

Considering the limited time budget for Rel-16, we prefer to keep “at least for 2 UL CCs” in the proposal, but we are open to discuss for more than 2 UL CCs case in following WG meeting.

	Samsung
	We are fine with moderator’s proposal 
Forward compatible RAN2 singling design on more than 2 CCs case shall be discussed in RAN2 

	Vivo
	Fine with moderator’s proposal.




4	Intermediate Summary
[bookmark: _GoBack]From the responses of the intermediate round of discussion, companies generally agree to consider forward compatibility of the solution or to consider a RAN2-based signalling design also applicable to more than 2 UL CCs and to FR2. Several companies would still prefer to emphasize the priority for 2 UL CCs in FR1 in case RAN2 is unable to complete the design for more than 2 UL CCs. In order to reflect these preferences, the proposal is updated below:


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).


5	Contacts
Please provide a company contact that the email discussion moderator can contact if required.

	Company
	Contact name and email

	Intel
	Seunghee Han, seunghee.han@intel.com 

	Qualcomm
	Vile Vintola, vvintola@qti.qualcomm.com

	MediaTek
	Pei-Kai Liao, pk.liao@mediatek.com 

	ZTE
	Xingguang Wei, wei.xingguang@zte.com.cn 

	OPPO
	Jinqiang Xing, xingjinqiang@oppo.com


	Ericsson
	Mattias Bergström, Mattias.a.bergstrom@ericsson.com

	Huawei
	Liu Ye, leo.liuye@huawei.com

	vivo
	Sanjun Feng, fengsanjun@vivo.com

	Skyworks
	dominique.brunel@skyworksinc.com

	Samsung
	xutao.zhou@samsung.com

	Nokia
	Hiromasa Umeda, hiromasa.umeda@nokia.com

	CATT
	Yuexia Song, songyuexia@catt.cn 
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