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1 Introduction
Progress is made during the online discussion on the Tx DC location reporting topic and a follow-up email discussion is concluded to focus on RRC based solution with an aim for a draft LS-reply and a solution CR.
Details of the online discussion outcome is presented below:

	R2-2010673
LS on additional DC location reporting for intra-band UL CA (R4-2011906; contact: Qualcomm)
RAN4
LS in
Rel-16
NR_RF_FR1-Core
R2-2008737
To:RAN1, RAN2

-
QC think we should discuss feasibility first before going into solutions. 

-
Apple suggest CB on Monday.

- 
Huawei think a major difference is whether we use RRC or MAC CE solution. Think R4 is working on another CR. 

-
QC think we need a solution eventually, not just replying to R4 questions. 

-
Intel think we need to follow RP guidance and do a RRC based signalling solution. 

-
MTK also think there are two directions, DCI based trigger and RRC based trigger but the DCI based was precluded by RP, so we should use RRC. 

-
Oppo think the key is whether UE report all possible DC location info or just one. Think we should not only restrict to 2 CCs. 

-
Ericsson also support RRC solution. Think the second approach is want R4 wanted but gave the first as an alternative

-
LG also support RRC based signalling, and think this is feasible. We can ask R4 about more details. Think we should be careful to not say everything is feasible. 

-
Samsung support RRC, and think just extending current is not sufficiently scalable. 

-
Nokia think majority prefers RRC, and think MAC raises more questions. R4 are still working on this. 

-
Apple wonder if companies that want to go with RRC if we then also restrict to 2 CCs. Could also ask this to R4 if we ask R4. 

-
Apple think a MAC CE solution would report just one value, and this is future proof. This goes in the direction of O1 from R4. 

-
Intel think there are concerns about both solutions, RRC due to signalling overhead, but RP also restricted the requirement to 2CCs, and to be forward compatible. 

-
Nokia hopes that R4 will conclude this is possible to derive from UE caps. 

-
Chair: a majority seems to want to use RRC. 

-
Nokia want to clarify that the requirement is min 2 UL CC per UE (NOT 2 per FR1 + 2 per FR2). Chair: It seems everyone has this understanding. 

R2-2009306
DC location information reporting
Intel Corporation
discussion
Rel-16
NR_RF_FR1-Core

Move from 6.1.2
R2-2010171
DC location reporting for intra-band UL CA
 Qualcomm Incorporated
discussion
Rel-16
NR_RF_FR1-Core

R2-2010409
Discussion on support of additional DC location reporting for intra-band UL CA
Samsung Electronics Co., Ltd
discussion
Rel-16
TEI16

R2-2010048
DC location reporting for intra-band UL CA
 Ericsson
discussion
Rel-16

DISCUSSION

-
Ericsson think that Network request with details on what to report makes RRC solution future proof. 

· We use RRC, Continue by email 




· [AT112-e][024][R4 NR16] DC Location (Apple)


Determine how to report, what to report, which scenarios to support etc. Treat R2-2010673, R2-2009167, R2-2009168, R2-2010171, R2-2010048, R2-2010228, R2-2009518, R2-2010409, R2-2009371, R2-2010471, R2-2009306

Intended outcome: Determine agreeable parts, Report. For agreeable parts, agreed CRs. 


Deadline: Intermediate deadline(s) by Rapporteur, Final: EOM (can come back on-line dep on progress)

2 Contact Information

	Company
	Email

	Apple (Naveen Palle)
	naveen_palle@apple.com

	OPPO (Shukun Wang)
	wangshukun@oppo.com

	Nokia (Tero Henttonen)
	tero.henttonen@nokia.com

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


3 Discussion  

Based on the RAN2 consensus to use RRC for signalling of the Tx DC location, we will visit the open items that need to be resolved in response to the RAN4 LS [1] and RANP guidance[2].

3.1 Current RAN4 discussion details
RAN4 is focusing on the below options to define further the Tx DC location information transfer from the UE to the NW.

	o   Option 1:  
ü  network to provide a list of likely BWP permutations to UE
ü  DC is never located in some CC’s and UE will not include DC location those CC’s
ü  Network can reduce the list of BWP permutations if UE informs that some BWP’s have no impact on DC location
o   Option 2:  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. Only report possible DC locations for all the 2CCs pairs within the configured CA band combination. The maximum number of possible DC locations for UL CA with nth UL contiguous carrier in a band would be [Cn2*16].
o   Option 3: As default, network considers DC location for intra band UL CA is the centre of the lower edge of the lowest CC and the higher edge of the highest CC among all the active CCs.
If a UE has an additional DC location reporting for intra-band CA, the network considers DC location is the centre of the lower edge of the lowest active BWP and the higher edge of the highest active BWP among all the active CCs.
o  Option4: dynamic signalling without an specific solution


It can be seen that option #1 and #2 use the NW request/response models can use RRC signalling ( which aligns with the current RAN2 agreed method of solution).

Option #3 appears to require no additional signalling at all.

If Option #4 is selected, then RAN2 may have to re-visit the RRC based signalling approach, as our current discussions appeared to be using the 2 CC UL CA with BWP pairing by majority of the companies. 

QP2-1: If RAN4 selects option #4, should RAN2 continue to use RRC for signaling? Please provide your views in the comments section.

	Company
	Yes/No
	Comments (for details)

	Apple 
	No
	We think dynamic signaling would be better suited in MAC, if RAN4 decides that dynamic signaling is the way to go. We can ask for more details from RAN4 in such a case before trying to design RRC based signaling for dynamic signaling of Tx DC location

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3.2 RRC based signalling approach  
Since RAN2 can still make progress on RRC based solution, the next section tries to converge on the RRC based signalling that RAN2 can present to RAN4/RANP

Based on the company submissions, the rapporteur thinks the solution space can be broadly split into two approaches.

Approach 1: The UE reports Tx DC location for 16 (or more) BWP pairs catering to 2 CC Intra-band UL CA (at least to FR1 for now). With this approach, for a NW request, the UE reports the comprehensive Tx DC locations in one shot. This approach is based off of [8][3][10][11][12].
Approach 2: The UE reports the currently used Tx DC location(s) as a response to the network request irrespective of the UL CA order. Per rapporteur’s understanding, the number of Tx DC locations would depend on the number of PAs the UE is using (one location for each PA) and this reporting remains the same for 3+ CC intra-band UL CA. This approach is based on [9].
QP2-2: Which approach do you prefer?
	Company
	Approach #1 
	Approach #2
	Other
	Comments (for details)

	Apple
	Yes
	Do not prefer
	
	Approach #2 is very similar to the current approach used in rel-15, with the additional info that UE can provide the Tx DC location even if it is outside the operating BW of serving cells. Otherwise rel-15 signaling can serve the purpose as is.

When doing with RRC signaling it might help for the UE to provide the comprehensive info upfront for 2CC, specially with the sice reduction techniques being discussed in RAN4. 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Within approach #1, there are some variations. [3] proposes using the lowest and highest frequency of CC for reduction, while [10] proposes some form of information in the NW request of the BWP pairs. These try to reduce the size of the reported configuration from the UE, but we think that RAN4 is discussing these and so it might be better to defer this discussion till RAN4 concludes.

QP2-3: If the answer to question P2-2 is approach #1, do you see areas RAN2 can discuss on RRC based signaling independent of the outcome of RAN4 discussion? If yes, please provide details in comments.
	Company
	Yes/No 
	Comments (for details)

	Apple
	Yes for some items
	We prefer to wait until RAN4 concludes, before discussing the signaling details of RRC. But we can conclude that UE reports this only when asked by the NW, i.e., no UE triggered RRC signaling (via UAI for eg) is needed.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3.3 LS Reply
Finally, rapporteur would like to get company views on the action of reply LS in view of the current RAN4 discussion. 

QP2-4: Since the RAN2 signaling details in part depend on RAN4 outcome, should RAN2 wait until RAN4 discussion is concluded to compose the RAN4 reply?
	Company
	Yes/No 
	Comments (for details)

	Apple
	Yes
	We prefer to get more details/direction from RAN4 before designing RAN2 solution and replying back.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


If the answer to QP2-4 is no, the rapporteur requests the companies who prefer to reply without waiting for RAN4 conclusion, to provide the response you would like to have in the LS reply for the below questions.

QP2-5a: Is it possible develop and method where UE reports the TX DC location after every BWP activation for rel-16?

	Company
	Yes/No 
	Comments (for details)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


QP2-5b: Is it feasible to develop a method for UE to report every possible TX DC location that can be different for any configured BWP permutation for rel-16?

	Company
	Yes/No 
	Comments (for details)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


QP2-5c: Is there any other way UE could report TX DC location in intra-band UL CA?

	Company
	Yes/No 
	Comments (for details)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3.4 Other items
QP2-6: Any additional comments/items companies would like to provide?

	Company
	Comments (for details)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


4 Conclusion

TBD
5 Annex

The rapporteur has captured the content that was discussed offline before the online discussion that agreed to use RRC based signaling. This is for informational purposes and companies are not required to provide input for this for phase 2.
Q1: Should RAN2 discuss on handling of Tx DC location reporting after every activation of BWP including CC activation, BWP switching etc? Please provide your views in the comments section.
	Company
	Yes/No
	If ‘Yes’, using RRC signaling? 
	Comments (for details)

	Apple
	Yes
	Possible with RRC signaling, but we prefer using MAC CE
	When current RRC signaling was being discussed in RAN2, it was pointed out the shortcoming the RAN4 LS states and companies were of the opinion that a generic solution can be taken up in Rel-16. If we try to handle only 2 UL CA with semi-static signaling, we fear the same issue would come up when 3 UL CA is introduced (very possible with FR2) and even back-ported to Rel-16 (as BCs can be release-independent).
In such case we will have to deal with 2 sets of RRC signaling, with an additional method of 3+ UL CA. We think it’s better to discuss the dynamic reporting option which can be future-proof. And we think MAC is the best layer to do this (using MAC CE) as MAC is aware of the BWP switching in a cell-group. 

RRC based dynamic reporting is also possible (for eg using UE assistance information) but RRC is not always aware and new changes are needed, and latency from RRC might create problems with the frequency of BWP switching.  

	OPPO
	Yes 
	No 
	The UE will determine the DC location based on the activated CCs and activated BWP in each CC. The DC location will not be changed after each CC activation and BWP activation, it is up to the FR bandwidth adjustment.

Furthermore, the DC will only impact the 256QAM from network point of view, it is not urgent to known the DC location for the network, because the gNB can use the 256QAM after receiving the DC location report.

If the RRC signaling for all possible combination of activated CC and activated BWP, it will cause big RRC signaling and it is hard for RAN2 to design the RRC signaling and also consider the increased number of UL CC in the further.

So, the best way is to report the DC location according the actual usage of RF bandwidth.

MAC CE is better to use consider the latency of DC location reporting. 

	Nokia, Nokia Shanghai Bell
	Yes but
	Yes (UE capability signalling + existing DC location signalling)
	The current RRC signalling was designed for single UL carrier case and doesn't truly scale up. With 2 CC intra UL CA (or even worse, 3 CC intra UL CA), the signalling size explodes very quickly and becomes more complicated. As BWP switches could even be frequent (e.g. in cases of power saving with dormant BWP), this could lead to a lot of signalling.

We also think MAC signalling is not feasible: For example, we would need to define a new MAC CE, which has in many cases been claimed to be too difficult for UE to handle. There would be quite some work with the MAC CE and it would not be as reliable as RRC signalling, either.

The current UE capabilities already tell some information about e.g. dual PA capabilities, it would be good to understand if those could be partially used in conjunction with the existing signallling: Ideally, no signalling would even be needed and network could just calculate the DC locations based on the single-carrier indications and UE PA capabilities. This would allow network to know the DC locations before the BWP switch is done.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Another question that can be linked to this would whether the UE can report the Tx DC location only when requested by the network or can UE-triggered reporting be allowed.

Q2: Can the UE trigger the reporting of Tx DC location without network explicitly asking for such information in Rel-16 solution?

	Company
	Yes/No
	Comments

	Apple
	Yes
	The current RRC signaling not only can handle the reporting of Tx DC location for 1 CC case, but it can also provide a “snapshot” DC config for all the BWPs for CA case as well, including the 2PA case, as the UE reports the DC location for all BWPs for all serving cells. 
We think one of the reasons for the LS request of providing DC info for all permutations, is to allow the NW upfront the location info without having the NW go through a UL decode issue before requesting. We also think this is the reason for the LS requesting the method of UE reporting after a BWP switch, as the NW might not be aware of a DC location change. 

From this perspective, it would be better if the UE triggers this when there is a change in DC location proactively. 

	OPPO
	No 
	For my understanding, it is mandatory feature for the R16 network if the network support 2 UL CCs.

If the network configures 2UL CC, then the UE will use the R16 DC location reporting, otherwise, the UE will use R15 DC location reporting.

	Nokia, Nokia Shanghai Bell
	No
	To avoid signalling size increase, this should only be used if network requests it. This is the same principle as in Rel-15.

It would be even best if no extra signalling is needed and UE capabilities can be used for calculating the DC locations. That would allow both networks and UEs to work more predictably in all cases.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


5.1 Solution scoping
RANP guidance [2] asks RAN2 to evaluate for more than 2 CCs in UL intra-band CA as pasted below.

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).

It has been noted by several companies that at least RRC based signalling of Tx DC location reporting for more than 2 UL CCs of intra-band can lead to a very large signalling overhead.

Q3: Should RAN2 discuss the option of reporting every possible TX DC location? Do you agree that RAN2 should only limit such Rel-16 signalling for Tx DC location to “two UL CC case” for Rel-16?

	Company
	Yes/No
	If ‘Yes’, limits to only 2CC UL CA?
	Comments

	Apple
	No but
	If RAN2 feels that this is the way to go, we are ok with limiting to 2CC while noting that this can create a signaling redundancy if later on RAN2 needs to handle the 3 or higher order UL CA case.
	As stated earlier, such reporting creates a signaling overhead for higher order CA, and for the most part, the DC location might not even be used.

	OPPO
	No 
	No 
	For the first question, please see the comments in question 1.

For the second question, RAN2 should consider the forward compatibility to support more than 2 UL CC in the future. 

	Nokia, Nokia Shanghai Bell
	No
	It's better to consider the general case already now in FR1: 3CC intra UL case will eventually appear and signalling should scale to avoid additional work at that stage.
	Reporting all combinations also causes most overhead: Best would be to somehow limit it, preferably so that the locations can be calculated.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


RANP guidance [2] text seem to imply that FR2 is to be considered as part of “forward compatibility” set, while usually in RAN2, the signalling design tries to cover FR1 and FR2 with one signaling where possible.  
Q4: Do you agree that RAN2 should differentiate between FR1 and FR2 in signalling of Tx DC location for the Rel-16 solution?

	Company
	Yes/No
	Comments

	Apple
	No
	We think the signaling should be FR agnostic and any FR specific signaling would be handled based on additional requests from RAN4/1.

	OPPO
	Yes 
	It is up to RAN4 decision. 

	Nokia, Nokia Shanghai Bell
	Yes, but
	At this moment, we should focus on FR1 as the task from RAN4 came from NR_RF_FR1 WI. FR2 UE architecture is assumed to be super heterodyne while FR1 UE architecture assumes direct conversion.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


 For the initial discussion, the rapporteur would like to see if there are views from companies on any other way of reporting the Tx DC location that is not discussed.  
5.2 Misc topics to clarify
It has been proposed in [3] that the UE signaling via RRC can be optimized with the assumption that the UE Tx DC sub-carrier location is dependent only on the wideband carrier bandwidth based on the lowest and highest CC that is activated (an example is shown in the below figure). The rapporteur would like to get companies views on this topic to facilitate faster resolution in case RRC signalling is to be pursued.




   

Figure1 DC locations for different activation CC combinations

Q5: Do you agree that the UE Tx DC location is only impacted by the lowest bound frequency and highest bound frequencies of the activated CCs irrespective of the activation status of the CCs in the middle frequencies?
	Company
	Yes/No
	Comments

	Apple
	No
	While we tend to agree with the technical reasoning, it is not guaranteed that all UEs will implement in such a way.

	OPPO
	No 
	it should be up to UE implementation. E.g. some UE’s DC location is based on band, some UE’s active BWP or configured BWP.



	Nokia, Nokia Shanghai Bell
	No but 
	We think this could be a good principle to follow, but the lowest and highest boundary of the activated CCs are NOT the only impacting factors. For Outermost BWPs, both size and CBW positions impact the Tx DC location. However, we acknowledge that this is not truly RAN2 area and RAN4 should provide guidance on this.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


It has been discussed in [4] that the dormancy status or the deactivated status of the SCell in the intra-band UL should not be used for reporting the Tx DC location information. The rapporteur would like to collect views on this as well.

Q6: Do you agree that the UE can skip reporting the Tx DC location information for SCell carriers which are deactivated, or which are in dormancy?
	Company
	Yes/No
	Comments

	Apple
	No
	Since intra-band UL CA can have contiguous spectrum, the channel BW might force some UE implementations have the Tx DC location be influenced by the deactivated/dormant SCells where the DC location might be in the BWPs of these SCells.

While there is the option of UE reporting “outside” BWP for activated carriers, it might be useful to include the deactivated/dormant SCell BWP info, if this helps with reporting the DC locations.

	OPPO
	Yes 
	It is up to UE decision to report the DC location based on UE RF bandwidth. 

	Nokia, Nokia Shanghai Bell
	No
	We think the TxDC locations are not affected by the SCell status.

As Apple said, it's better to consider the entire allocated spectrum as UE PA architecture and contiguous/non-contiguous frequency configuration can affect the RF bandwidth.
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