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1. Introduction
This document summarizes the following email discussion.
[AT116bis-e][035][NR17] DC Location Reporting (Qualcomm)
[bookmark: _Hlk93334375]	Scope: Treat R2-2200117, R2-2201059, R2-2201436, R2-2200306. Aim to clarify what RAN2 need to do. Initial Collection of comments. Pave the way for on-line discussion on way forward. 
	Intended outcome: Report
	Deadline: For Online CB Thu W1.


Contact person for each participating company:

	Company
	Name
	Email Address

	Qualcomm Incorporated
	Masato Kitazoe
	mkitazoe@qti.qualcomm.com

	Nokia, Nokia Shanghai Bell
	Tero Henttonen
	tero.henttonen@nokia.com

	Huawei, HiSilicon
	Yang Zhao
	zhaoyang@huawei.com

	Apple
	Naveen Palle
	naveen.palle@apple.com

	vivo
	Xiaodong Yang 
	Yangxiaodong5g@vivo.com

	Ericsson
	Zhenhua Zou
	zhenhua.zou@ericsson.com

	OPPO
	ZhongdaDu
	duzhongda@oppo.com

	Intel
	Tangxun
	xun.tang@intel.com

	CATT
	Jie Shi
	shijie@catt.cn

	ZTE
	LiuJing
	liu.jing30@zte.com.cn



2. Discussion
RAN2 received an LS from RNA4 on the DC location reporting in case of more than 2 UL CCs R2-2200117 [1]. Three discussion papers were submitted in R2-2201059 [2], R2-2201436 [3] and R2-2200306 [4].
2.1. Default DC location
RAN4 introduced the concept of default UL DC location as follows.
	[bookmark: _Hlk92439441]UE declares the default UL DC location per band configuration as capability. There can be different ways to define the default location as follows
UE default UL DC location is always in the middle of the UE bandwidth where:
· UE bandwidth = frequencies between lower edge of lowest frequency component and upper edge of highest frequency component, where
· [bookmark: _Hlk87471687]Frequency component = Calculated relative to either 1) UL or 2) DL frequencies of the frequency component or 3) edge most frequencies among any DL and UL frequency components, based on UE capability indication that is one of the following: 
1. Activated component carrier: Calculated based on activated carriers (i.e. based on CBWs of only currently activated carriers, i.e. deactivated Scells or deactivated PSCell are not considered)
2. Configured component carrier: Calculated based on all configured carriers (i.e. based on CBWs of all configured carriers, regardless of their activation state)
3. Activated BWP: Calculated based on all activated BWPs (i.e. only active BWPs matter for the calculation)
4. Configured BWP: Calculated based on all configured BWPs (i.e. based on BWPs allowing largest possible BW)
· The lower/upper edge of the frequency component is defined as the lower/upper frequency of the RBs that can be configured in the lowest and highest frequency component, respectively.
The DC is located at the mathematical center of the UE bandwidth rounded to the subcarrier grid defined for the component carrier on which the DC is located.  If the mathematical center of the UE bandwidth lands on frequencies where there is no subcarrier grid defined, the subcarrier grid of the nearest lower frequency component carrier shall be extended to cover the frequency of the mathematical DC location


2.1.1. Baseline
All submitted documents present the same interpretation regarding what the UE should signal for the default DC location. In particular, [3] provides an ASN.1 example as follows.
DefaultDCLoactionOption::=                          CHOICE {
        ul                                  FrequencyComponent,
        dl                                  FrequencyComponent,
        ulAndDL                             FrequencyComponent
} 

FrequencyComponent ::=  ENUMERATED {activeCarrier,configuredCarrier,activeBWP,configuredBWP}
The email discussion moderator suggests taking the following baseline agreements.
Proposal A:	For default DC location, the UE signals:
1. the choice of frequency component, among {Activated CC, Configured CC, Activated BWP, Configured BWP}.
2. the choice of UL and/or DL for frequency component, among {UL, DL, Edge most frequencies among any DL and UL}
Q1: Companies are requested to provide their input for proposal A.
	Company
	Agree/Disagree
	Comment

	Nokia, Nokia Shanghai Bell
	Agree
	The exact ASN.1 encoding can be discussed once we start drafting the CR.

	Huawei, HiSilicon
	Agree
	

	Apple
	OK
	

	vivo
	OK
	

	Ericsson
	Agree
	

	OPPO
	Agree
	

	Intel
	Agree
	

	CATT 
	Agree
	

	ZTE
	Agree
	


Rapporteur’s summary/suggestion:
Rapporteur proposes to agree on the following.
For default DC location, the UE signals:
1. the choice of frequency component, among {Activated CC, Configured CC, Activated BWP, Configured BWP}.
2. the choice of UL and/or DL for frequency component, among {UL, DL, Edge most frequencies among any DL and UL}

2.1.2. Reporting granularity
On the granularity of default DC location reporting, three different options were proposed.
Option 1-1:	Per configured UL BWP per serving cell [2]
Option 1-2:	Per band per band combination [3]
Option 1-3:	Per intra-band UL CA component per band combination [4]
Q2: Companies are requested to provide their input on the above options regarding the reporting granularity for default DC location.
NOTE: The above options have implications to the choice of reporting mechanism, i.e. by RRCReconfiguration/ResumeComplete or by UE capability signalling. This point however is discussed separately.
	Company
	Preferred option
	Comment

	Nokia, Nokia Shanghai Bell
	1-1
	Just to note that our proposal in [2] means that the default DC location is dynamic and only indicated to NW when requested. The per-BC UE capability indicates that UE supports telling DC location via the "dynamic" mechanism. 
Option 1-2 is also acceptable if companies think the default location is always static per-(band, per-)BC.

	Huawei, HiSilicon
	1-2
	We understand from RAN4 LS it is a per band capability and therefore we propose to use per band per BC capability reporting. Not sure whether RAN4’s intention was based on network configuration to report this. If it is unclear, we can ask RAN4 to clarify.

	Apple
	We prefer 1-1, but agree with Huawei that the Ls wording is unclear.
	Since we have time for Rel-17 (relatively speaking), we are ok to have this clarified by RAN4.

	vivo
	


	Option 1-1 can reduce the overhead of reporting, however We can send LS to ask RAN4.

	Ericsson
	
	It seems that RAN4 LS is not clear and better to ask RAN4 to clarify.

	OPPO
	1-2
	But we also think it is not clear in RAN4 LS and should check RAN4 again

	Intel
	Option 1-3
	This UL DC location reporting is used in case of more than 2 UL CC are configured for UE, and it is per band according to RAN4 LS.

	CATT
	
	Leave it to be clarified by RAN4.

	ZTE
	
	We also prefer to ask RAN4 to clarify. 


Rapporteur’s summary/suggestion:
RAN2 to ask RAN4 to clarify the meaning of the following statement in [1].
· [bookmark: _Hlk93516896]“UE declares the default UL DC location per band configuration as capability.”
In particular for the text “per band configuration”, indicate that there are three interpretations among companies in RAN2.
Interpretation 1:	Per configured UL BWP per serving cell
Interpretation 2:	Per band per band combination
Interpretation 3:	Per intra-band UL CA component per band combination

2.1.3. Reporting mechanism
One the reporting mechanism, the following options were proposed.
Option 2-1:	By RRCReconfiguration/ResumeComplete [2][4]
Option 2-2:	By UE capability signalling [3]
Q3: Companies are requested to provide their input on the above options regarding the default DC location reporting mechanism.
	Company
	Preferred option 
	Comment

	Nokia, Nokia Shanghai Bell
	2-1
	This aligns with and naturally extends the existing DC location mechanism.

	Huawei, HiSilicon
	2-2
	We agree with the moderator that these two questions are relevant. So if 1-2 is selected, 2-2 should then be supported. Better to confirm with RAN4.

	Apple
	2-1, but this is related to Q2.
	

	vivo
	
	 Maybe we can have both after asking RAN4.

	Ericsson
	
	It seems that RAN4 LS is not clear and better to ask RAN4 to clarify. 

	OPPO
	2-1
	We are fine to check RAN4 

	Intel
	Option 2-1
	Since the active carriers/BWP may change according to NW configuration, it’s reasonable to report the latest UL DC location by RRCReconfiguration/ResumeComplete.

	CATT
	2-1
	This is aligned to the existing DC location mechanism.

	ZTE
	2-1
	Option 2-1 is more flexible, but we are also fine to ask RAN4 to clarify


Rapporteur’s summary/suggestion:
RAN2 to postpone the discussion on the default DC location reporting mechanism until further clarification is provided by RAN4.

2.2. Offset to default
On top of the default DC location, RAN4 indicates the need of offset to default.
	For every possible default DC location, an offset chosen by the UE to the default can be communicated to the network and TE.
The offset granularity is the sub carrier with smallest SCS in the configured or activated CCs/BWPs. Largest possible offset is still under discussion in RAN4.


2.2.1. RRC parameter
As suggested in [2], RAN2 cannot finalize the signalling until RAN4 determines the value range for the DC location offset. For RRC parameter detail, the rapporteur suggests waiting for RAN4 input.
[bookmark: _Hlk93517212]Proposal B:	RAN2 to wait for further RAN4 input on RRC parameter detail for the offset to default DC location.
Q4: Companies are requested to provide their input for proposal B.
	Company
	Agree/Disagree
	Comment

	Nokia, Nokia Shanghai Bell
	Agree but
	It's fine to wait for the final RAN4 details on the offset field, but that shouldn't stop RAN2 from starting the CR itself. In the end this is just about the value range of a single field, which can be marked as "FFS" for the time being and doesn't prevent starting the CR discussion.

	Huawei, HiSilicon
	Agree
	OK to wait for RAN4.

	Apple
	Ok to wait
	

	vivo
	OK
	

	Ericsson
	Agree
	

	OPPO
	agree
	

	Intel
	Agree 
	

	CATT
	Agree
	

	ZTE
	Agree
	


Rapporteur’s summary/suggestion:
RAN2 to postpone the discussion on the RRC parameter detail for the offset to default DC location until further input is provided by RAN4.

2.2.2. Reporting mechanism
RAN4 indicates the UE can optionally indicate one offset for each default DC location. [3] and [4] make the observation that there is only one default DC location for a given CA configuration when the choice of frequency component is either Configured CC or Configured BWP. However if the choice of frequency component is either Activated CC or Activated BWP, the number of default DC locations can be quite large, i.e. determined by the number of possible activated CC pairs or activated BWP pairs in CA configuration.
The following options for reporting mechanism were proposed.
Option 3-1:	Per configured UL BWP per serving cell, in RRCReconfiguration/ResumeComplete [2].
Option 3-2:	Per configured BWP/CC pair when the choice of frequency component is Configured BWP/CC, or limited active BWP/CC pairs as requested by the network when the choice of frequency component is Activated BWP/CC, in RRCReconfiguration/ResumeComplete [3].
Option 3-3:	Dynamic reporting upon RRC configuration when the choice of frequency component is Configured BWP/CC, or upon BWP switch/CC (de)activation when the choice of frequency component is Activated BWP/CC (signalling details FFS) [4].
Q5: Companies are requested to provide their input on the above options regarding the reporting mechanism for offset to default DC location.
	Company
	Preferred option
	Comment

	Nokia, Nokia Shanghai Bell
	3-1
	This aligns with existing reporting mechanism - the intent was that UE only reports a single default+offset for each (UL) serving cell, and the default location indicates how to interpret that (using currently activated CCs/BWPs for the "activated" cases, which to us seems similar as the intent of to 3-2). 
Option 3-2 could also be acceptable to us.
Option 3-3 is not acceptable to us without further clarifications: How UE would report the DC location upon CC/BWP activation - would this be MAC or RRC signalling? And would the reporting be triggered by the (de)activation command, or by NW request? All in all, going for a very dynamic reporting could complicate the mechanism so would prefer something that is close to what we have already.

	Huawei, HiSilicon
	3-2
	We think the RRC configuration is already sufficient, it seems that the difference between 3-2 and 3-3 is mainly how dynamic the report is? The choice of frequency component for the configured BWP/CC, or active BWP/CC pairs are having the same principle. We currently don’t see the need for dynamic reporting.

	Ericsson
	3-2, but ..
	3-2 looks reasonable. But, we understand UL Tx DC location is useful only for higher-order modulation which is NOT time critical when the CC or BWP is first activated. It is sufficient for UE to report the offset only for the currently activated BWP/CC, if the choice of frequency component is activated BWP/CC. In other words, there is no benefit to report before-hand the offset for a configurable subset of active BWP/CCs from the network. So in some sense, this is similar to 3-3, or ? 

One question on 3-1:  I understand for one PA, there is only one DC location (default+offset). If to report for each (UL) serving cell, then does it mean that they must be the same? I might have misunderstood, would appreciate some explanation. 

	OPPO
	3-2
	We think offset is per DC location instead of per serving cell. So once configuration or activated state of any CC or BWP is changed, the offset could be changed. 3-2 is acceptable for us. But we also want to confirm would network limit its scheduling to the limited active BWP/CC combination?

	Intel
	Option 3-2
	DC location should be reported based on network request, so NW should indicate which configured BWP/CC pair or active BWP/CC pairs are considered for offset reporting. For option 3-3, it’s more of UE reports it autonomously if UE triggers offset reporting upon BWP switch/CC (de)activation.

	CATT
	Option 3-2
	Slightly preferable to option 3-2, the network could request the DC location report based on its deployment and configuration.

	ZTE
	Option 3-2
	Option 3-3 is inefficient, because the UE may send the same report repeatedly when network activates the same BWP pair again.


Rapporteur’s summary/suggestion:
The majority preference seems to be going the direction towards a solution where the network specifies the radio resource configuration (including BWP / CC activation state) for which the UE is requested to report the offset to default DC location. In addition to option 3-2, one company provided another possible solution where the UE is requested to report the offset for the “current” radio resource configuration.
It is proposed to further discuss reporting mechanism for the offset to default DC location in the following solution direction.
· The network specifies the radio resource configuration (including BWP / CC activation state) for which the UE is requested to report the offset to default DC location.
· FFS how the network specifies the radio resource configuration.

2.3. Dual PA
RAN4 indicated the following to address Dual PA architecture.
	RAN4 requests RAN2 to make carrier leakage reporting future proof by accommodating reporting of at least two DC locations in same intra-band configuration regardless of the number of aggregated carriers.


[4] indicates it is not clear how multiple DC locations can be signalled using the method RAN4 suggested and proposes to wait for further RAN4 input. [3] on the other hand assumes two offsets to the single default DC location will be declared by the UE in this case.
Q6: Companies are requested to provide their view on how to address Dual PA architecture.
	Company
	Preferred option
	Comment

	Nokia, Nokia Shanghai Bell
	Wait for RAN4
	We assume this is something RAN4 should tell to RAN2, although overall we agree with [3] that two offsets might be used in such a case. One possibility for that is that the UE capability for the DC location reporting would also indicate whether singlePA or dualPA is used for that case, and then the DC location reporting is done per PA (i.e. there is a default DC location + offset for each PA).  

	Huawei, HiSilicon
	Reporting two offsets
	We think simply reporting two offsets works.

	Apple
	While we agree it is possible to simply report two offsets, if we are going to get clarification from RAN4 on Q2, we can maybe also inform them about two offset design and see if they are ok.
	

	vivo
	Report two offset is simple.

	

	Ericsson
	Wait for Ran4
	

	OPPO
	Wait for RAN4
	

	Intel
	postpone
	wait for further RAN4 input

	CATT 
	Wait for RAN4
	We are fine to report two offsets, but it is better to wait the RAN4 progress.

	ZTE
	Wait for RAN4
	


Rapporteur’s summary/suggestion:
RAN2 to ask RAN4 to clarify how two DC locations should be reported for dual PA. RAN2 can also indicate that some companies considered that the signalling could allow reporting of two offsets to default DC location.

2.4. Network request for DC location reporting
RAN4 left it to RAN2 to decide if the new DC location reporting should be based on network request.
	How and if DC location is reported based on network request or UE reports it autonomously is up to RAN2.


All submitted documents propose to introduce network request for the extended DC location reporting with default location and offset.
Proposal C:	Introduce network request for the new DC location reporting for more than 2 UL CCs.
Q7: Companies are requested to provide their input for proposal C.
NOTE: It should be discussed later in which message(s) such network request is introduced, based on the agreed reporting mechanisms.
	Company
	Agree/Disagree
	Comment

	Nokia, Nokia Shanghai Bell
	Agree
	Legacy NW should not be required to cope with larger messages due to this new mechanism. 

	Huawei, HiSilicon
	Agree
	We proposed similar principle in [3].

	Apple
	Ok
	

	vivo
	OK.
	

	Ericsson
	Agree
	

	OPPO
	agree
	

	Intel
	Agree
	The request can be included in RRCReconfiguration/RRCResume.

	CATT
	Agree
	

	ZTE
	Agree
	


Rapporteur’s summary/suggestion:
Rapporteur proposes to agree on the following.
Introduce a new release-17 network request for the extended DC location reporting for more than 2 UL CCs.

2.5. UE Capability
[2] proposes to introduce optional per-BC UE capability that indicates whether UE supports the extended DC location reporting with default location and offset.
Proposal D:	Introduce optional UE capability that indicates whether UE supports the extended DC location reporting with default location and offset.
Q8:	Companies are requested to provide their input for proposal D and additionally on the UE capability granularity.
	Company
	Agree /Disagree
	Preferred UE capability granularity
	Comment

	Nokia, Nokia Shanghai Bell
	Agree
	Per-BC
	The intent was as follows:
1) UE indicates (per-BC) whether it supports the extended DC location reporting (i.e. based on default and offset)
2) When network queries the UE for the DC location, UE indicates the default DC location and offset currently used (i.e. it is up to UE)
This allows the default location to be dynamic and UE to choose the best option for reporting.

	Huawei, HiSilicon
	Too early to decide
	
	We understand this is relevant to 2.1.2 and 2.1.3, if option 1-2 and 2-2 are selected, there seems no need to introduce another UE capability; otherwise there may be a need for a new UE capability. The granularity should anyway be confirmed by RAN4.

	Apple
	We can wait until things are clarified.
	
	

	Vivo 
	Can wait 
	
	

	OPPO
	Agree
	
	RAN2 need discuss the granularity of the UE capability

	Intel
	Agree
	Per BC or per UE
	

	CATT
	Wait 
	
	We could discuss it after the reporting mechanism for extended DC location is determined.

	ZTE
	Agree
	
	UE capability is needed especially if RRC configuration is defined, but the details can be discussed later.


Rapporteur’s summary/suggestion:
RAN2 to postpone the discussion on the UE capability until solution details are sufficiently materialized.

2.6. Other discussion points
Q9:	Companies are requested to raise other points requiring RAN2 discussion, if any.
	Company
	Comment

	Nokia, Nokia Shanghai Bell
	Assuming we create new request mechanism, we would like to clarify what UE reports when the "extended" DC location mechanism is used: Does UE report 1) only the "new" DC location (i.e. default+offset etc.) OR 2) both the "new" DC location and the legacy DC location? 
We have assumed this is 1) (i.e. no legacy reporting), but would like to ensure this point is made clear in RAN2.

	
	

	
	

	
	


Rapporteur’s summary/suggestion:
On Nokia’s comment, rapporteur thinks 1) is in line with the existing reporting mechanisms, i.e. only release-15 uplinkTxDirectCurrentList is reported when requested by reportUplinkTxDirectCurrent, and only release-16 uplinkTxDirectCurrentTwoCarrierList-r16 is reported only when requested by reportUplinkTxDirectCurrentTwoCarrier-r16.
Rapporteur proposes to agree on the following.
Upon a new release-17 network request, the UE only reports the extended DC location reporting for more than 2 UL CCs, i.e. the release-17 network request does not trigger the reporting of reportUplinkTxDirectCurrent and reportUplinkTxDirectCurrentTwoCarrier-r16.

3. Conclusion
The following proposals are made by the email discussion rapporteur.
Default DC location:
Proposal 1:	For default DC location, the UE signals:
1. the choice of frequency component, among {Activated CC, Configured CC, Activated BWP, Configured BWP}.
2. the choice of UL and/or DL for frequency component, among {UL, DL, Edge most frequencies among any DL and UL}

Proposal 2:	RAN2 to ask RAN4 to clarify the meaning of the following statement in the LS R2-2200117/R4-2119965.
· “UE declares the default UL DC location per band configuration as capability.”
In particular for the text “per band configuration”, RAN2 indicates that there are three interpretations among companies in RAN2.
Interpretation 1:	Per configured UL BWP per serving cell
Interpretation 2:	Per band per band combination
Interpretation 3:	Per intra-band UL CA component per band combination
Offset to default DC location:
Proposal 3:	RAN2 to further discuss reporting mechanism for the offset to default DC location in the following solution direction.
· The network specifies the radio resource configuration (including BWP / CC activation state) for which the UE is requested to report the offset to default DC location.
· FFS how the network specifies the radio resource configuration.
Dual PA:
Proposal 4:	RAN2 to ask RAN4 to clarify how two DC locations should be reported for dual PA. RAN2 can also indicate that some companies considered that the signalling could allow reporting of two offsets to default DC location.
Network request for DC location reporting:
Proposal 5:	Introduce a new release-17 network request for the extended DC location reporting for more than 2 UL CCs.
Proposal 6:	Upon a new release-17 network request, the UE only reports the extended DC location reporting for more than 2 UL CCs, i.e. the release-17 network request does not trigger the reporting of reportUplinkTxDirectCurrent and reportUplinkTxDirectCurrentTwoCarrier-r16.
Other:
Proposal 7:	RAN2 to wait for further RAN4 input for the following discussion points.
· Default DC location reporting mechanism.
· RRC parameter detail for the offset to default DC location.
Proposal 8:	RAN2 to postpone the discussion on the UE capability until solution details are sufficiently materialized.

References
[1]		R2-2200117/R4-2119965	LS on DC location for >2CC		Source: RAN4 (To: RAN2)
[2]		R2-2201059		Extended UL DC location signalling	Nokia, Nokia Shanghai Bell
[3]		R2-2201436		Discussion on the DC location report for more than 2CC	Huawei, HiSilicon
[4]		R2-2200306		DC location reporting for more than 2 CCs	Qualcomm Incorporated


3GPP
