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[bookmark: _Ref35586532]Introduction
In this paper, we discuss the DC location RRC signaling based on RAN4 LS [1], and provide our views on no need to support new enhancements according to RAN4 LS [1].
Discussion 
Background
Regarding the framework for communicating DC location in case of more than 2 CC in R17, the RRC signaling is designed as below according to RAN4 LS [2].
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The design principle is that the real DC location is the sum of default DC location and an offset, i.e.,
Real DC location = default DC location + offset value
As explained by [2] as below, default DC location is in the middle of the UE bandwidth, and UE bandwidth is determined by the lower edge and upper edge of frequency components. Depending on whether activation state is taken into account for determining default DC location, the frequency components are categorized into two types, i.e., configuredCarrier/configuredBWP, and activeCarrier/activeBWP.
	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.


 
And for each default DC location, an offset value is also communicated to network [2].
	For every possible default DC location, an offset chosen by the UE to the default can be communicated to the network and TE.



Based on RAN2 understanding on the RAN4 LS [2], if the default DC location is different according to the activation state of carriers/BWP, the FrequencyComponent-r17 should be set to activeCarrier/activeBWP. Network may also indicates the concerned CC-State-r17 for each serving cell as below, and each combination of all serving cells’ states is configured in IntraBandCC-Combination-r17.  Then UE reports DC location information regarding the concerned CC-State-r17. In this case, an offsetlist is reported by UE to indicate the corresponding offset value for each requested IntraBandCC-Combination-r17 for DC location report.

ReportUplinkTxDirectCurrentMoreCarrier-r17 ::= SEQUENCE (SIZE(1.. maxSimultaneousBands)) OF IntraBandCC-CombinationReqList-r17

IntraBandCC-CombinationReqList-r17::=   SEQUENCE {
    servCellIndexList-r17                   SEQUENCE (SIZE(1.. maxNrofServingCells)) OF ServCellIndex,
    cc-CombinationList-r17                  SEQUENCE (SIZE(1.. maxNrofReqComDC-Location-r17)) OF IntraBandCC-Combination-r17
}

IntraBandCC-Combination-r17::=      SEQUENCE (SIZE(1.. maxNrofServingCells)) OF CC-State-r17

CC-State-r17::=                     SEQUENCE {
    dlCarrier-r17                       CarrierState-r17                             OPTIONAL, -- Need N
    ulCarrier-r17                       CarrierState-r17                             OPTIONAL  -- Need N
}

CarrierState-r17::=                 CHOICE {
    deActivated-r17                     NULL,
    activeBWP-r17                       INTEGER (0..maxNrofBWPs)
}

Otherwise, if the calculation of default DC location is not affected by serving cells’ states, the FrequencyComponent-r17 should be set to configuredCarrier/configuredBWP, and only single offsetValue is needed/used.

For example, as illustrated in Figure 1, for configuredCarrier case, default DC location is in the middle of UE bandwidth spanning four carriers (CC4 bandwidth is also taken into account even if it’s deactivated), and single offset value is also communicated to network for the calculation of real DC location.


Figure 1 DC location reporting in configuredCarrier case

As illustrated in Figure 2, for activeCarrier case, default DC location is in the middle of UE bandwidth spanning three carriers (the bandwidth of deactivated CC4/CC1 is not taken into account). And for each requested carrier combination (i.e., different activation state of serving cells), different offset values (i.e., offset1 and offset2) are used and communicated to network respectively for the calculation of real DC location.


Figure 2 DC location reporting in activeCarrier case

Based on the analysis above, we have the following observation:
Observation 1: for DC location reporting in case of more than 2 CC, the following key information has been considered for R17 RRC signaling design:
1) Real DC location = default DC location + offset value
2) default DC location is in the middle of the UE bandwidth, and UE bandwidth is determined by the lower edge and upper edge of frequency components.
3) If the default DC location is different according to the activation state of carriers/BWP, the frequency component should be set to activeCarrier/activeBWP, and an offsetlist is used to indicate the corresponding offset value for each requested carriers/BWPs combinations for DC location report; otherwise, the frequency component should be set to configuredCarrier/configuredBWP, and only single offset value is used.

New requirements from RAN4 [1]
A new LS on R17 DC location signaling is received by RAN2 at this meeting as follows [1]:
	1. Overall Description:
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RAN4 understand that the single offsetValue is introduced for saving signaling overhead, and when all requested CC combinations associated DC location offset are same, the offset value will be used, but current description may put unexpected restriction on UE implementation. 
From RAN4 perspective, when the frequency component is configuredCarrier or configuredBWP, UE may change its DC location when CC/BWP is activated or de-activated and an offsetlist need to be reported and when the frequency component is activeCarrier or activeBWP, UE may also benefit from single offsetValue in some cases. Whether offsetlist or offsetValue is chosen depending on the UE implementation, so RAN4 suggest removing the highlighted restriction from Release18 if following consideration can be satisfied:

· No new signaling needs to be introduced and no NBC issue is identified.
· The signaling overhead does not increase or the increase is addressed if it’s considered as significant.

Please notice that this LS is independent from the earlier RAN4 LS R4-2310438 to RAN2 on “Rel-17 DC location signaling enhancement” and shall not impact the proposed enhancement in R4-2310438.

2. Actions:
To: 3GPP TSG RAN WG2
RAN4 respectfully asks RAN2 to take the suggestion above into consideration. 


As specified by the yellow part in field description of offsetToDefault, the UE reports an offsetvalue only when DefaultDC-location is set to configuredCarrier/configuredBWP, and reports an offsetlist only when DefaultDC-location is set to activeCarrier/activeBWP. RAN4 proposed to remove the highlighted restriction from Release18 in order to support two new requirements as below, and suggested that it is up to UE implementation to decide whether to use offsetlist or offsetValue. 
New Requirement 1:
· When the frequency component is configuredCarrier or configuredBWP, UE may change its DC location when CC/BWP is activated or de-activated and an offsetlist need to be reported 
New Requirement 2: 
· When the frequency component is activeCarrier or activeBWP, UE may also benefit from single offsetValue in some cases.
Analysis on new requirement 1
According to legacy signaling, the following intentions have been supported:
1) If DC location changes accordingly when CC/BWP is activated or de-activated, the frequency component should be set to activeCarrier or activeBWP, and an offsetlist is used.
2) If DC location doesn’t change accordingly when CC/BWP is activated or de-activated, the frequency component should be set to configuredCarrier or configuredBWP, and a single offsetValue is used.
Whether the frequency component is set to configuredXX or activeXX, only affects how the network derives the default DC location. From the perspective of calculating real DC location, R17 RRC signaling has the same effect of RAN4 new enhancement 1. The only difference is that whether there is single default DC location or multiple default DC locations applied when network calculates real DC location. In our view, there is no need to support this new requirement.
Observation 2：From the perspective of calculating real DC location, R17 RRC signaling has supported the RAN4 requirement 1.
Proposal 1：RAN2 to confirm the following understanding:
If DC location changes accordingly when CC/BWP is activated or de-activated, the frequency component should be set to activeCarrier or activeBWP, and an offsetlist is used.
If DC location doesn’t change accordingly when CC/BWP is activated or de-activated, the frequency component should be set to configuredCarrier or configuredBWP, and a single offsetValue is used.
Proposal 2: do not remove the field description “offsetValue is used in case DefaultDC-Location is set to configuredCarrier or configuredBWP”, as current RRC signaling is sufficient to report real DC locations in different cases.
Analysis on new requirement 2
For new requirement 2, it seems only applicable to a rare case. Because if the DC location is impacted by the activated/deactivated state of CC/BWP, it’s not quite likely to have the same offset among all the activated/deactivated combinations requested by the NW. Furthermore, if RAN4 suggestion is adopted from R18 (i.e., remove “offsetValue is used in case DefaultDC-Location is set to configuredCarrier or configuredBWP. offsetlist is used in case DefaultDC-Location is set to activeCarrier or activeBWP.”), that’ll lead to an NBC issue. E.g., when a R18 UE reports an offsetvalue to R17 gNB with the frequency component set to activeCarrier or activeBWP, the R17 gNB could not know how to calculate the real DC location for each requested carriers/BWPs combinations in CC-Combinationlist since the legacy calculation behavior is based on an offsetlist. 
Observation 3：If RAN4 suggestion is adopted from R18, it’ll lead to an NBC issue, i.e., a R17 gNB doesn’t know how to calculate real DC location if a R18 UE reports an offsetvalue with the frequency component set to activeCarrier or activeBWP.
Also according to RAN4 LS [1], since “no NBC issue is identified” can’t be satisfied, the new requirement 2 doesn’t need to be supported in RAN2.
	so RAN4 suggest removing the highlighted restriction from Release18 if following consideration can be satisfied:

· No new signaling needs to be introduced and no NBC issue is identified.
· The signaling overhead does not increase or the increase is addressed if it’s considered as significant.



Proposal 3: do not remove the field description “offsetlist is used in case DefaultDC-Location is set to activeCarrier or activeBWP”, as it’ll lead to a NBC issue.
If the proposals above can be agreed, a reply LS needs to be sent to RAN4 to explain RAN2 understanding/agreements.
Proposal 4: Send a reply LS to RAN4 and explain RAN2 understanding/agreements.
[bookmark: _GoBack]Conclusion
According to the analysis in section 2, it is observed that:
Observation 1: for DC location reporting in case of more than 2 CC, the following key information has been considered for R17 RRC signaling design:
1) Real DC location = default DC location + offset value
2) default DC location is in the middle of the UE bandwidth, and UE bandwidth is determined by the lower edge and upper edge of frequency components.
3) If the default DC location is different according to the activation state of carriers/BWP, the frequency component should be set to activeCarrier/activeBWP, and an offsetlist is used to indicate the corresponding offset value for each requested carriers/BWPs combinations for DC location report; otherwise, the frequency component should be set to configuredCarrier/configuredBWP, and only single offset value is used.
Observation 2：From the perspective of calculating real DC location, R17 RRC signaling has supported the RAN4 requirement 1.
Observation 3：If RAN4 suggestion is adopted from R18, it’ll lead to an NBC issue, i.e., a R17 gNB doesn’t know how to calculate real DC location if a R18 UE reports an offsetvalue with the frequency component set to activeCarrier or activeBWP.

And we propose:
Proposal 1：RAN2 to confirm the following understanding:
If DC location changes accordingly when CC/BWP is activated or de-activated, the frequency component should be set to activeCarrier or activeBWP, and an offsetlist is used.
If DC location doesn’t change accordingly when CC/BWP is activated or de-activated, the frequency component should be set to configuredCarrier or configuredBWP, and a single offsetValue is used.
Proposal 2: do not remove the field description “offsetValue is used in case DefaultDC-Location is set to configuredCarrier or configuredBWP”, as current RRC signaling is sufficient to report real DC locations in different cases.
Proposal 3: do not remove the field description “offsetlist is used in case DefaultDC-Location is set to activeCarrier or activeBWP”, as it’ll lead to a NBC issue.
Proposal 4: Send a reply LS to RAN4 and explain RAN2 understanding/agreements.

[bookmark: _Ref69910645]Reference
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offsetToDefault
Indicates the DC location offset to the default DC location derived from defaultDC-Location. The lowest SCS in the CC group is used as the offset granularity. Value 0
respresents no offset.

Each entity in this list corresponds to the entry in carriers combination in /ntraBandCC-CombinationReqList of the intra-band CA component. For each CC group, the UE shall
include the same number of entries, and listed in the same order as in CC-CombinationList. If DefaultDC-Location is set the activeCarrier, same offsetValue is signalled for all
requested carriers combinations with same active carriers states(regardless of the active BWP index).
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‘The IE UplinkIxDirectCuurrentMoreCarrierListindicates the Tx Direct Current locations for intra-band CA including one, two or more uplink carriers. The UE does ot report
the uplink Direct Current location information for SUL carrier(s).
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