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1.	Introduction
RAN4 agreed WF [10] on the DC location issue. The key agreements we discuss in this paper are as follows:
 (
Issue 5-1: Signalling framework
 
WF
Agree signalling framework with default DC location(s) and offset (static and dynamic)
FFS on the detailed reporting for offset (static and dynamic)
Issue 5-2: Default DC location
 WF
Multiple default DC locations: DC is in the middle of outermost edges among the configured, activated CCs or configured, activated 
BWPs
 and depends on UL or DL for each case.
Further clarify the wording “in the middle”, 
e.g.
 middle RE or middle frequency or middle channel raster
Issue 5-3: Offset granularity
 WF 
Using SCS as the starting point to further discuss the DC position values
FFS whether SCS of default DC location defined is used
Other 
alternatives
 are not precluded in next meeting
)
Issue 5-5 did not agree anything exactly, everything was FFS. 
Issue 5-4 and 5-6 discuss when DC falls outside configured BW but WF [11] has further agreement regarding this issue. 
This paper provides more discussion how the DC location framework could be progressed and proposes to send and LS to RAN2 so that they can start their work. RAN4 should not discuss details on how the signalling is designed and based on our discussion among few companies and their RAN2 delegates, information on already made agreements would be valuable so that RAN2 could give feedback for the work. After this meeting, there are only two WG meetings left to conclude Rel-17.  
2. 	Discussion
2.1	Issue of DC in the non-configured BW
FR1 specification for non-contiguous UL CA is the only case when exception for meeting requirements when carrier leakage is out side configured BW. The WF [11] has this agreement: 
 (
1.2.
Exceptions for 1LO architectures for non-contiguous PC2 UL CA
For 1x26dBm PA + 1LO with 200MHz BW and 2x23dBm PA + 1LO with 200MHz BW, to handle in-gap requirement when LO or image fall inside

No exception requirement is allowed assuming

SEM for in-gap is -13dBm/MHz and in-gap is less or equal to aggregated bandwidth

Applicable for PC3 and PC2
)
The WF agrees that no exception is granted for the DC but it is possible that the IQ image lands on configured spectrum as a result of LO being outside configured spectrum. In order to allow IQ image cancellation and exception, the LO location must be known even if it is outside the configured spectrum. 
So further discussion on Issue 5-4 and 5-6 in WF [10] may not be needed anymore if proposals 1 and 6 are acceptable.
Proposal 1: DC location reporting framework accommodates signalling a location outside configured frequency spectrum. 
We have provided a CR to execute the agreement from WF [12] and remove the exceptions. 
2.2	Default location
The agreement is that there will be multiple possibilities for default DC location. Simplest way is to make this a capability so that UE declares where its DC is located by default. RAN4 should inform RAN2 about the defined multiple defaults and ask RAN2 to define a capability according. 
Proposal 2: UE declares the default DC location per band configuration as capability
The default DC location is in all cases in the middle of the UE bandwidth but how the UE bandwidth is defined depends on the capability. Before going to further on options, ran4 should agree the definition of this bandwidth. There is no suitable bandwidth definition in current ran4 specification but the language for Fs class can be used as starting point:
From 5.3A.4  Ts 38.101-2 “Frequency separation class (Fs) specified in Table 5.3A.4-2 indicates the maximum frequency span between lower edge of lowest component carrier and upper edge of highest component carrier”
But since for this purpose, the edges of the bandwidth can also be the edge of the BWP’s so a modified and generalised definition would be:
UE bandwidth is defined as – frequencies between lower edge of lowest frequency component and upper edge of highest frequency component
The definition further contains wording “frequency component” and in this case the frequency component is based on one of the declared capabilities. The capability would then inform network or TE if the carrier leakage frequency for this UE for this band configuration is dependent on 
· UL or DL bandwidth
· Activated or configured component carrier BW 
· Activated or configured BWP
All of the above is in accordance with the agreements in WF [10] but provides an explicit language for the definitions. 
Proposal 3: The definition of the default DC location is as follows:
UE default DC location is always in the middle of the UE bandwidth and UE bandwidth is defined as frequencies between lower edge of lowest frequency component and upper edge of highest frequency component. Frequency component depends on UE declaration, and it is one of the following: 
· Activated component carrier
· Configured component carrier
· Activated BWP 
· Configured BWP
Further UE declares if the uplink DC location is based on the above frequency component for UL or DL
2.3 	The edge of the frequency component
The edge of the frequency component should also be defined. It may be ambiguous to use edge of the channel since then what would be the edge frequency if BWP is configured that does not contain the edge most RB in the channel. Better and always explicit way would be to use the edge of the edge most RB that is part of the relevant frequency component. 
Proposal 4: Edge of the frequency component is defined as the edge of edge most RB of relevant frequency component.
2.4	What parameters are affecting
With the definition of the default location in sub-section 2.2, the change of the UE bandwidth will trigger a change in the DC location. If something else will trigger a change in DC location can be left for further discussion.  
2.5	The granularity 
The middle point of the UE bandwidth can be almost arbitrary since the nominal channel spacing is aligned such that the subcarrier on both CCs are on the same grid. The granularity for the DC location should be made finite somehow and here we propose that 
Proposal 5: The default 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.  
In case for NC CA, the middle may land where there is no subcarrier grid, then the nearest lower frequency CC subcarrier grid should be extended.
Proposal 6: If the center of the UE bandwidth lands on frequencies where there is no sub carrier grid defined, the nearest lower frequency component carrier subcarrier grid shall be extended to cover the frequency of the mathematical DC location
Figure 2 explains this situation. 
2.6	Offset from default
The multiple default framework alone would remove the flexibility from UE to place DC freely depending on its optimal frequency plan. WF [10] recognised the offset from the default as companion to the multiple default concept to retain the freedom. Communicating offset from that defined and calculated default DC location is simple in principle, either positive or negative single number indicating how big offset frequency is. In practice if an offset needs to be communicated for every possible UE bandwidth among all configured CC’s and BWPs the problem maybe communicating large number of possible permutations. Each BWP of each CC can be activated independently and having any two BWP’s define the UE bandwidth means the offset would need to be communicated for each of those pairs of BWP that define edges of the UE bandwidth. Example of one configured case with different activated BWPs are shown in Figure 1. 

Figure 1. Every activation state needs its own offset
This issue is where RAN4 should not dive too deep in to the details how the signalling exactly should be designed to accommodate the multiplicity of possibilities but leave this issue to RAN2. In our view, it is sufficient that Ran4 agrees that for every possible default location a different offset can be communicated.
Proposal 7: For every possible default DC location, an offset chosen by the UE to the default can be communicated to the network and TE  
It should be noted that the NC CA should be supported and therefore the value of the offset might be large. Figure 2 explains the possible source for large offset. 

Figure 2. Offset in case of NC CA
The granularity for the offset should be the SCS and then the value can be an integer number of SC’s from the default. We also propose her that the larger offsets that +/- 1.5 GHz are not supported limiting the maximum NC CA frequency separation to 3 GHz. 
Proposal 8: Largest offset is 1.5 GHz i.e. +/- 25000 sub carriers in a 60 kHz grid.
25000 is not too big of a number to carrier over any interface. The largest offset can be scaled to smaller frequency when the SCS is smaller. Fr1 bands tend to be narrower than Fr2 bands so 25000 should suffice for any case. 
2.7	LS to RAN2
As discussed in introduction, RAN2 work should be enabled by informing RAN2 with the current agreement. It is our proposal to send the LS based on proposals in this paper. We provide a draft LS in the appendix
Conclusion
We discussed and made the following proposals
Proposal 1: DC location reporting framework accommodates signalling a location outside configured frequency spectrum. 
Proposal 2: UE declares the default DC location per band configuration as capability
Proposal 3: The definition of the default DC location is as follows:
UE default DC location is always in the middle of the UE bandwidth and UE bandwidth is defined as frequencies between lower edge of lowest frequency component and upper edge of highest frequency component. Frequency component depends on UE declaration, and it is one of the following: 
· Activated component carrier
· Configured component carrier
· Activated BWP 
· Configured BWP
Further UE declares if the uplink DC location is based on the above frequency component for UL or DL
Proposal 4: Edge of the frequency component is defined as the edge of edge most RB of relevant frequency component.
Proposal 5: The default 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.  
Proposal 6: If the center of the UE bandwidth lands on frequencies where there is no sub carrier grid defined, the nearest lower frequency component carrier subcarrier grid shall be extended to cover the frequency of the mathematical DC location
Proposal 7: For every possible default DC location, an offset chosen by the UE to the default can be communicated to the network and TE  
Proposal 8: Largest offset is 1.5 GHz i.e. +/- 25000 sub carriers in a 60 kHz grid.
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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. 

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting#101-Bis-e 	 Jan 2022		Electronic Meeting
TSG-RAN4 Meeting#102-e 	 Feb 2022		Electronic Meeting
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