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1.	Introduction
RAN2 recently agreed framework for reporting DC location for UL CA up to 2CC [1] based on guidance from RAN#90 [2]. For FR2, RAN4 has specified contiguous UL CA up to 8 CC thus for FR2 TE or gNB would not have the information where UE would put the DC. New method is needed to report DC location with higher number of CC’s. 
RAN#91-e agree a new objective in the FR2 enchantments WID [7] with the following content:
•	Specify DC location reporting scheme for intra-band UL CA with more than 2 CCs. Solution should be applicable to FR2 and FR1 (RAN4, RAN2)
The responsible WG are RAN4 and RAN2. In this paper we discuss the work plan and responsibilities of the different work groups and what aspects need to be considered for the DC location to change. 
2. 	Discussion
2.1	Work plan
RAN4 task is to identify which parameters affect the carrier frequency and what freedom UE is provided for the retuning of the DC. RAN4 can discuss the retuning times in the UE. In our view, it is not RAN4 task to discuss the details of the signalling methods, such as if RRC or MAC-CE is preferred, how many bits are needed. Perhaps some views can be brought up for the purposes of motivating some work, such as that if all possible DC locations are to be listed explicitly for 16 CC’s, 4294967296 entries are needed in theory, but can that be narrowed down by removing some freedom from the UE when it can change the DC location.
An aspect also to be considered is if the location of the DC is of any value to the network or is RAN5 facing solution possible.  
Regardless of the solution, RAN4 outcome of this objective is therefore an LS to RAN2 (or RAN5) explaining what parameters affect the DC location in UE and what is allowed by ran4 specification. RAN4 is not to define the detailed scheme but that should be ran2 task. 
Proposal 1: RAN4 task under DC location objective is to inform ran2 or ran5 what parameters affect the DC location in UE and what is allowed by ran4 specification

2.2 	Applicable requirements for carrier leakage in FR2
2.2.1	Validity of IBE requirements in FR2	
To clarify how the FR2 specification is different from FR1 and LTE, in TS 38.101-2 in section 6.4A.2.2.4 Carrier leakage for power class 3 it says that:
“When carrier leakage is contained inside the spectrum occupied by all configured UL and DL CCs, the relative carrier leakage power shall not exceed the values specified in Table 6.4A.2.2.4-1 for power class 3 UEs.”
The emphasis on “all configured UL and DL CCs”. This allows the carrier leakage to be on configured DL CC. 
Similarly in section 6.4A.2.3.1 General  (for Inband emissions) it says 
”Inband emission requirement is defined over the spectrum occupied by all configured UL and DL CCs”
And further in section 6.5A.2.1.0 General (for Spectrum emission mask for CA)
“Spectral emission mask requirements do not apply at any frequency where IBE requirements of clause 6.4A.2.3 apply”
So in conclusion, we can observe that 
Observation 1: In-band emissions and associated exceptions for carrier leakage and IQ image apply also over DL CC’s and spectrum emission mask does not apply for the frequencies overlapping with the configured DL CC’s. 
In addition, for the NC CA, the carrier leakage can be outside any configured UL or DL CC’s. See informative note in section 6.4A.2.2.1. Since for those frequencies, spurious emissions or spectrum emissions mask requirements apply, exception do not need to be considered. 
The Figure 1 shows the difference between FR1 and FR2 for contiguous CA


Figure 1. Difference between emission requirements between FR1 and FR2
The methods reporting the carrier leakage frequency, both the single CC from, Rel-15 and the new for 2CC from Rel-16  are now defined with the assumption that the parameter is the configured UL CC and its BWPs but for FR2, there needs to be possibility to declare based on DL CC BWP and TX carrier leakage can  be on DL only CC. 
Observation 2: The location of the carrier leakage can be on top of configured DL CC but current methods for reporting carrier leakage frequency can not be used in accordance with FR2 requirements in RAN4. 
2.2.2	Allowable levels for carrier leakage and IBE
In-band emission exception for carrier leakage is allowed up to -25 dBc from the power of all allocated PRBs but in-band emission requirement can be up to -25 dB from power of single PRB power. Carrier leakage can therefore be 10*LOG10(LCRB) above the in-band emission limit where LCRB is the number of allocated PRB’s or 10*LOG10(12*LCRB) above power of single subcarrier.  When there are 26 PRB’s allocated, the power of carrier leakage will be equal to subcarrier of an allocated PRB carrying PUSCH or PUCCH.
Observation 3: Carrier leakage of one UE can exceed power of a subcarrier carrying PUSCH/PUCCH from an other UE at the gNB receiver. 
2.3	Parameters for carrier leakage frequency       
UE may change its DC location based on activated BWPs [4] but UE can also not re-tune based on activated BWP. UE can be configured with 4 BWP’s for each configured CC. With that logic having 8 CC’s and four BWP’s each it would result more than 65 536 different theoretical locations of the carrier leakage. For 16 CC that is supported by specifications, the amount of possible DC locations is more than 4 billion.  
In earlier discussion it has been brough up that possibly RAN4 could agree that only edge CC BWP’s have an impact on the DC location. This may still be possible but for contiguous CA the option to re-tune based on edge most DL CC BWP’s and edge most UL CC BWP’s would need to be there. Ran4 has many CA configurations which are combinations of non-contiguous and contiguous CA with multiple sub-blocks such as CA_n260(2A-2G-2O). Rel-16 introduced so called DL only spectrum where UL can not be positioned. UE can position the DC based on BWP on DL only spectrum or based on activation of the DL+UL spectrum BWP. This flexibility can not be disallowed for the UE. 
In addition to complex CA configurations, UE may implement low IF radio and DC would not be in the center. In conclusion, reducing flexibility in future compatible manner maybe very difficult. 
Observation 4: Activation of any configured BWP may have impact on carrier leakage location and it is very difficult to find redundancy that is future compatible
Creating method to address those all-possible locations based on configuration seems challenging based on current DC location reporting method which is part of RRC reconfiguration complete message [3] and may introduce unnecessary complexity. More streamlined method would be method based on activation rather than configuration but as discussed in section 2.1, the detailed solution for carrying over the information should be left to ran2 so we are not making any proposals here. 
In conclusion we observe that 
Observation 5: Carrier leakage frequency can be a function of activation status of any BWP out of the configured BWP’s including DL or UL BWP’s. Carrier leakage frequency in FR2 can be located on any CC, in addition to configured UL CC also including configured DL only CC. 
2.4 Proposal 
FR2 seems to need more flexible solution for reporting the DC due to large number of CC’s and UL carrier leakage dependency of activated or configured DL CC’s. 
Ran4 should inform RAN2 with an LS the contents of the observation 5. There not much more RASN4 should do at this stage. The proposed LS text is is as follows:
Proposal 2: Send LS to RAN2 with the following information: 
Carrier leakage frequency can be a function of activation status of any BWP out of the configured BWP’s including DL or UL BWP’s. Carrier leakage frequency in FR2 can be located on any CC, in addition to configured UL CC also including configured DL only CC.
Conclusion

We discussed about the workplan for the new objective for DC location reporting and made one proposal:
Proposal 1: RAN4 task under DC location objective is to inform ran2 or ran5 what parameters affect the DC location in UE and what is allowed by ran4 specification
For the technical issues we discussed the applicable requirements for the carrier leakage and made three observations:
Observation 1: In-band emissions and associated exceptions for carrier leakage and IQ image apply also over DL CC’s and spectrum emission mask does not apply for the frequencies overlapping with the configured DL CC’s. 
Observation 2: The location of the carrier leakage can be on top of configured DL CC but current methods for reporting carrier leakage frequency can not be used in accordance with FR2 requirements in RAN4. 
Observation 3: Carrier leakage of one UE can exceed power of a subcarrier carrying PUSCH/PUCCH from an other UE at the gNB receiver. 
For the parameters affecting the frequency of the carrier leakage frequency we made two observations:
Observation 4: Activation of any configured BWP may have impact on carrier leakage location and it is very difficult to find redundancy that is future compatible
Observation 5: Carrier leakage frequency can be a function of activation status of any BWP out of the configured BWP’s including DL or UL BWP’s. Carrier leakage frequency in FR2 can be located on any CC, in addition to configured UL CC also including configured DL only CC. 
And as conclusion of the RAN4 part work which should be merely to communicate RAN4 requirements we made one proposal:
Proposal 2: Send LS to RAN2 with the following information: 
Carrier leakage frequency can be a function of activation status of any BWP out of the configured BWP’s including DL or UL BWP’s. Carrier leakage frequency in FR2 can be located on any CC, in addition to configured UL CC also including configured DL only CC.
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