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1.	Introduction
RAN4 agreed WF and LS in Ran4#101-e in November 2021. The LS contains details for the framework for RAN2 but some further discussion on offset location would be needed, especially if there are any room for reducing number of possible offsets that need to be signalled. 
In this paper we also discuss how to and for which parts the new DC location framework need to be included in the ran4 specifications.   
2. 	Discussion
2.1	Terminology: DC location and carrier leakage
DC location is the 0 frequency of the direct conversion transmitter, it in a simplest form is always on the center of the transmitted signal BW but if the signal BW is variable, like it is in 3GPP systems, UE design can also decide to have wider BB path signal BW compared to the current BB signal and that open the possibility to place the BB signal out of the center of the BB signal chain BW. If observing DC in transmitter only, DC is not correct word. DC location is same as RF carrier leakage and is caused by RF carrier leaking to RF output through non-idealities in the mixers or supply lines etc. The DC appears when a receiver is down converting using the same RF frequency. There are techniques to cancel the leakage that but the level needs to be known to properly prepare for it in gNB receiver.  
Observation 1: DC location is specified as carrier leakage in RAN4 specifications
In this paper and in the context of the RAN4 requirements, DC location is synonymous to the carrier leakage frequency. 
2.2	RAN4 specification impact
The carrier leakage sections in both FR1 and FR2 specifications should be updated so that the frequency of the carrier leakage is reported by the UE with the reporting framework.
The carrier leakage needs to be removed for any transmit signal quality requirement i.e. EVM, IBE and spectrum flatness. These corresponding sections should reflect the reported frequency. 
The coexistence of the existing rel-16 framework for up to 2CC and the new rel-17 framework under which the work is ongoing should also be clarified. There are at least the following options:
1) Both methods are accepted from Rel-17 onwards and RAN4 requirements refer to both
2) Up to 2CC applies only to rel-16 requirements are rel-17 onwards requirements refer to only to new rel-17 framework
3) Rel-17 method applies for FR2 and rel-16 method until FR1 defines 3CC UL CA 
Proposal 1: RAN4 should discuss the applicability of the two DC location reporting methods that can be used for CA.
For FR2 specification, since rel-15 already supported UL CA up to 8 CCs and the DC location is dependent on DL CCs, we propose
Proposal 2: For FR2 requirements from Rel-17 and onwards, the requirements for the UE to declare Rel-17 method will be included in to all relevant specification sections where information about the DC location is needed

2.3	Offset signalling optimizations
The offset for the DC location from the default is equally complicated than just signalling the DC location explicitly. But if UE places the DC to the default location always, no additional signalling is needed so resources are saved. 
The possible offsets for case when there are 8 CCs and 4 BWPs are 8C2 x 4 = 448. In CA BW class enhancement work the number continuously aggregated CCs is likely to increase and for NC CA RAN4 specifications already recognise 14 CCs. With 16 CCs and 4 BWPs each, possibilities for offset grow up to 1920. 
Observation 2: Possible offsets is 1920 within the possible CA combinations in rel-17 and flexibility provided for the network of choosing activation permutations
This is if UE defines its DC location is dependent on activated frequency components. With DC location depending on configured frequency components, there can be only one offset for each configuration. 
Roughly dividing the possible frameworks for signalling the offset in to two:
1) UE provides a list of offsets for each possible permutation of edge most activated BWPs
2) Network queries after every activation what is the DC location
Option 2 is simple from ran4 perspective since in that case UE merely informs the actual DC location or locations. The complexity, if any, lies in RAN2 side and RAN4 should not discuss much more about that.  
For option 1, that details are also in RAN2 side but RAN4 could discuss if there is something what could simply or reduce the size. The reserved space for the list can be large, 1920 entries and if there is more than one DC location then the structure must support indicting multiple DC locations. The number of reserved bits may end up being large.
Possibilities to reduce the size are:
· Limit the number of BWPs per CC
· Network can indicate the preferred or most probable scenarios for activated BWP pairs
· Network may have only few scenarios in mind such as full BW and reduced BW modes for example if 8 CCs are configured, one possibility is that all possible BW is activated or then that only one CC is activated and therefore in practice only two DC locations are needed to be knows
· Network can also convey a list of the edge most activated BWP’s that it plans to activate
This may not be the conclusive list of possible ways to reduce the size of the list. If RAN4 can agree on some ways to reduce, RAN4 should inform RAN2 soon. 
Observation 3: RAN4 to discuss possible ways to reduce number of options for DC location and inform RAN2 about the possibilities from UE RF design point of view
An alternative that would keep flexibility for the network to choose optimal and any activation BWP permutation would be to signal the DC location offset after the activation and then the long list is would not be needed.  If this method is chosen by Ran2 then Ran4 does not need to discuss how to reduce the list. 
Observation 4: To manage the complexity in signalling DC location for all possible permutations of activated BWPs, the simplest way is to signal the current DC location separately after activation 
However, this is ran2 discussion and in ran4 we propose to agree ran4 will not discuss simplifications any more and sends LS to ran2 to inform this and expects ran2 to come up with a way to support offset for any BWP permutation
Proposal 3: RAN4 will not discuss way to reduce flexibility for the UE to position the DC and RAN4 will inform Ran2 about this conclusion and expects DC location offset can be informed for all possible BWP activation permuations 
2.4	More than one carrier leakage case
Ran4 has not discussed much in detail about the more than one DC location case. 
With the adopted framework of default and then possible offset, it is not very clear what is the default location if there are two carrier leakages. For Fr1 which has defined only up to 2 CC intra band UL CA, this might be easy, for example RAN4 could agree the following:
“If UE reports dualPA=1, then the frequency components for the two DC locations are the activated or configured CC or BWP within the two UL CCs depending on the UE declaration. Same definition will be applied for both DC locations”. This would only suffice for the 2 CC case but going to > 2 CC case and especially for the contiguous UL CA with two TX chains, situation would get complicated since which carrier leakage frequency is dependent on which CCs needs to be declared.   
So far, only FR1 specification recognises the case of two DC locations, but in requirements, UE is provided with a flexibility to position the DC anywhere in the second CC and get the exception despite it reports the location or does not report it. This is written in the section 6.4A.2.1.2 of TS 38.101-1. The specification states that the frequencies are unknown. According to our read from the RAN5 test procedures, IBE for the second UL CC are not tested for contiguous UL CA since it would require TE to scan the second CC and identify the LO position autonomously. 
For non-contiguous CA, there are no requirements for the second CC according to 6.4A.2.2.2, the section states that “the requirements for in-band emissions should be defined for each component carrier.” but requirements are not defined anywhere in the section 6.4A.2.2. This specification ambiguity should be discussed separately and is not a matter to discuss under this DC location objective, but we can observe that
Observation 5: Requirements are either not tested or do not exist for carrier leakage for second carrier leakage in any UL CA configuration.
Processing this observation further reveals the fact that the UE never needs to report the location of the second carrier leakage.
Observation 6: For the RAN4 requirements, UE never needs to report the second DC location.  
At the time of writing this paper, we are not aware if any company has proposed how to report multiple defaults. There were proposals to enable that flexibility but no technical solution was agreed. There was one proposal in [15] but the reference was to a panel architecture of the UE and UE with multiple panels is not recognised in Rel-17 so no conclusion was possible. With this knowledge, it should be then discussed if the new reporting framework needs to be capable of reporting more than one DC location. Our view is that it is not needed but we are open how the existing agreements and framework could be amended to accommodate multiple DC locations.
Proposal 3: The Rel-17 DC location method will support only one DC location reporting.  

Conclusion
We discussed and made the following proposals
Observation 1: DC location is specified as carrier leakage in RAN4 specifications
Proposal 1: RAN4 should discuss the applicability of the two DC location reporting methods that can be used for CA.
Proposal 2: For FR2 requirements from Rel-17 and onwards, the requirements for the UE to declare Rel-17 method will be included in to all relevant specification sections where information about the DC location is needed
Observation 2: Possible offsets is 1920 within the possible CA combinations in rel-17 and flexibility provided for the network of choosing activation permutations

Observation 3: RAN4 to discuss possible ways to reduce number of options for DC location and inform RAN2 about the possibilities from UE RF design point of view
Observation 4: To manage the complexity in signalling DC location for all possible permutations of activated BWPs, the simplest way is to signal the current DC location separately after activation 
Proposal 3: RAN4 will not discuss way to reduce flexibility for the UE to position the DC and RAN4 will inform Ran2 about this conclusion and expects DC location offset can be informed for all possible BWP activation permutations 
Observation 5: Requirements are either not tested or do not exist for carrier leakage for second carrier leakage in any UL CA configuration.
Observation 6: For the RAN4 requirements, UE never needs to report the second DC location.  
Proposal 4: The Rel-17 DC location method will support only one DC location reporting.  
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1. Overall Description:
RAN4 has discussed the framework for communicating DC location in case of more than 2 CC are configured for UE and come to following agreements: 
DC location reporting framework does not accommodate signalling a location outside configured frequency spectrum. However, the calculation may need to involve definitions outside configured bandwidth. Further details below. 
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
· Frequency component = Calculated relative to either UL or DL frequency component, based on UE capability indication that is one of the following: 
1) Activated (UL or DL) 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 (UL or DL) component carrier: Calculated based on all configured carriers (i.e. based on CBWs of all configured carriers, regardless of their activation state)
3) Activated (UL or DL) BWP: Calculated based on all activated BWPs (i.e. only active BWPs matter for the calculation)
4) Configured (UL or DL) 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 edgemost RB in the frequency component.
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
For every possible default DC location, an offset chosen by the UE to the default can be communicated to the network and TE  
Largest offset is 1.5 GHz i.e. +/- 25000 sub carriers in a 60 kHz grid.

2. Actions:
To RAN2 group.
ACTION:   RAN4 would like to ask RAN2 to start their work to define the signalling for the DC location for >2 CCs and if RAN2 concludes problems with proposed framework, RAN4 request feedback on which issues need to addressed. 
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