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1.	Introduction
RAN4 agreed WF [16] in RAN4#101-Bis-e. Many issues were still FFS and most important for Ran4 to solve is the 2 DC location aspect. The offset range is also open item. In addition, Ran4 has received an LS from Ran2 [15] with two questions.
In this paper discusses the 2 DC location issue that is also in RAN2 LS questions and the offset range aspect.  
2. 	Discussion
2.1	2 DC locations
In WF [16] two options for the multiple DC location reporting was presented. The picture in Figure 1 was attached:

Figure 1: Two multiple DC locations reporting options in [16]
The reason for reporting the DC is to enable cancelling carrier leakage and IQ image of the transmitter. The motivation for more than one DC location and carrier leakage is the presence of more than one TX chain with different RF local oscillator frequency. The IQ image is a folding product of RB allocation and carrier leakage. For the receiver to know where the IQ image lands from a specific allocation in a specific BWP, the association between each carrier leakage and BWP would need to be known. 
Observation 1: In order to calculate the IQ image location, for multiple DC locations from same the UE, for each possible RB allocation and corresponding DC location must be know     
We show the situation with the picture in Figure 2.


Figure 2. Possible image and carrier leakage arrangements in two DC location system 
The Image 1 is from Allocation 1 that is in CC1 with DC1 that lands on CC1. This is like any normal single CC case. The Image 21 is from Allocation 2 that is in CC2 with DC2 that lands on CC1. This is normal for ULCA, contiguous or non-contiguous when CC BWs are unequal. Image 21 is from allocation 1 in CC1 with DC2 that lands on CC2. This is unlikely to be significant since the mechanism is PCB coupling of LO to the other TX chain and the level is likely very low. Without knowing that DC1 belongs to TX chain that transmits CC1 but not CC2 and that DC2  belongs to TX chain that transmits CC2 but not CC1 receiver would not know if Image21 is real or not.  
Regarding option in WF [16], the association with CCs/BWPs and DC location can be done in both cases. Below we have listed the information that needs to be carrier for both options
Option 1: 
· Frequency component definition (as already agreed) and other details
· Does UE have 2 DCs, if yes
· TX chain association
· CC or BWP(frequency component) list for which TX chain they will be transmitted
· Or frequency X below which frequency components belong to chain 1 and above to chain 2
· Is offset needed or not, if needed then
· Offset for TX chain 1
· Offset for TX chain 2
Option 2:
· Frequency component definition (as already agreed) and other details
· Is offset needed of not, if yes
· Offset 1
· Is an other offset needed or not, if yes
· Offset 2
· Which frequency components belong to which offset DC?
 
Observation 2: Both option 1 and 2 in [16] can be used to associate the TX chains with frequency components
Option 1 also provides a possibility to rely only on the default DC location for both DCs. In option 2 since the existence of second DC location is only communicated with a second offset, the default can not be used. 
Observation 3: Option 1 enables use of default DC location for each chain
Therefore, our preference is to choose option 1 out of the possible options but some details need to be added since we do not have good written descriptions for the two options. The list of proposals if accepted would describe the option 1.
Proposal 1:  UE declares if it has two TX chains and therefore two DC locations
Proposal 2: UE declares which frequency components associate which TX chain. 
Proposal 3: UE declares if the DCs are not in the default locations and if so, then reports the two offsets. 
We also prepared an LS response with the language for the RAN2 for this option.  
Proposal 4: The question 2 in RAN2 LS answer is: Two DC locations, that are a result of UE implementing two TX chains, will be reported in such way that the receiver has knowledge which frequency component is transmitted with which UE TX chain. UE should declare if it implements two TX chains to enable reporting of two DC locations. Additionally, UE declares if both DCs are not located in the default location calculated from the frequency components associated with each TX chain and UE needs to declare two offsets. 
It should be noted that in the language, it is implied that there are two default locations for the UE with the two TX chains. It is also implied that for the both TX chain in the same band, the type of frequency component applies and UE has no freedom to choose those differently. This we believe is a fair and reasonable simplification since otherwise UE has flexibility to choose the offset as it wishes.   
Additionally, RAN4 should discuss if the exiting dualPA-Architecture IW should be used for this purpose. 
Proposal 5: UE uses dualPA-Architetcure to declare if it has two DC locations in a same band.    
2.2	Per band per band combination, Q1 in LS
RAN2 LS has the following question:
Question 1:
RAN2 asks RAN4 to clarify the meaning of the following RAN4 statement in their LS.
	UE declares the default UL DC location per band configuration as capability.


In particular for the text “per band configuration”, there are two interpretations among companies in RAN2.
Interpretation A:	Per band per band combination
Interpretation B:	Per intra-band UL CA component per band combination
The intention is that UE has one DC per each intra-band band combination. In RAN2 terminology, the per band per band combination means that for CA_n41(2A) the each “A” would have its own DC location capability. The term “UL CA component” is new to RAN4 and in this case CA_n41(2A) is one “UL CA component”. From Ran4 discussion, the interpretation B in this case is correct, NC UL CA configuration in one band has one DC location definition. The two DC location case is different. 
Proposal 5: Reply to question 1 in LS [15] as follows: RAN4 answer is that RAN2 interpretation B is correct. The DC location capability is per ULCA component. 
2.3	The offset range
The discussion about the offset range has been going on for some time. In short, there are two proposals, to limit the possible offset to a small number, such as +/-20MHz [20] and not to limit it at all and allow up to 1.5 GHz offset [18,19]. There is also a third proposal to reuse the 12 bits [21] but it was unclear how that translates to RAN4 language. Quick calculation would yield for 60 kHz SCS a range of +/- 122 MHz and for 15 kHz SCS +/- 30 MHz which is less than one channel BW. 
The proposals in [18,19] have not been justified why a large flexibility should be allowed except for the case that large offset is possible within existing CA configurations but also [20] does not justify why the flexibility should be denied.  
It is difficult to predict the future spectrum allocations, their requirements and resulting CA configurations and therefore it is hard to predict what is required from implementations. Below in Figure 3 we show one realistic scenario where UE is configured for CA-n257(G-H).


Figure 3. Process of offsetting the DC in CA-n257(G-H) after activation. 
In Figure3, the UE first gets configured for CA-n257(G-H) and CC3,4,5 are activated. The UE has declared that the DC is in the middle of activated BWPs. In the figure, BWP=CC bandwidth.  Then CC1,2 are activated and the calculated DC would fall in the gap between the CCs and no exception would be granted. In this case, UE wants to declare an offset to pull the DC in to the original location. In this case, the Offset is well more than full channel BW. 
Proposal 6: The maximum range for the offset for FDC location supports existing CA configurations. 
Maximum Frequency separation class is 2400 MHz but Ue also has the option not to declare the frequency separation class which then means that the UE support NC CA configuration that can be the width of the full BW of the band.     
Conclusion
We discussed and made the following proposals
Observation 1: In order to calculate the IQ image location, for multiple DC locations from same the UE, for each possible RB allocation and corresponding DC location must be know     

Observation 2: Both option 1 and 2 in [16] can be used to associate the TX chains with frequency components
Observation 3: Option 1 enables use of default DC location for each chain
Proposal 1:  UE declares if it has two TX chains and therefore two DC locations
Proposal 2: UE declares which frequency components associate which TX chain. 
Proposal 3: UE declares if the DCs are not in the default locations and if so, then reports the two offsets. 
Proposal 4: The question 2 in RAN2 LS answer is: Two DC locations, that are a result of UE implementing two TX chains, will be reported in such way that the receiver has knowledge which frequency component is transmitted with which UE TX chain. UE should declare if it implements two TX chains to enable reporting of two DC locations. Additionally, UE declares if both DCs are not located in the default location calculated from the frequency components associated with each TX chain and UE needs to declare two offsets. 
Proposal 5: Reply to question 1 in LS [15] as follows: RAN4 answer is that RAN2 interpretation B is correct. The DC location capability is per ULCA component.
Proposal 6: The maximum range for the offset for DC location supports existing CA configurations. 
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1. Overall Description:
RAN4 would like to thank you RAN2 for their Reply LS on DC location for >2CC. 
RAN4 has discussed the presented questions and conclude the following:
For the Question 1 RAN4 confirms the 
Interpretation B: Per intra-band UL CA component per band combination 
is aligned with RAN4 understanding. 
For Question 2, RAN4 has conclude that UE should declare if it implements two TX chains and has two DC locations, one for each TX chain. In this case, both TX chains will have default DC location. For the calculation of the two default DC locations, which frequency components belongs to which TX chain must be known. This information is also needed for the calculation of the IQ Image exceptions as specified in 6.4A.2.2.2 of TS 38.101-1 or 6.4A.2.3 of TS 38.101-2. In addition to two default locations, UE may need to declare if it needs       

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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