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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The exception sheet [1] was agreed in RAN#95e for the FR2 and DC location reporting, it includes three aspects, i.e. DC reporting offset, Single CC handling in CA, Handling of DL only CC.

This paper will focus on these three aspects and hope can complete this topic in this meeting.

2 Discussion
2.1 DC reporting offset
Multiple DC reporting is needed for the situation that UE use multiple Tx chain to support the whole configured/activated CCs or BWPs. And correspondingly multiple DCs will be generated and reported as shown in Figure 1.



Figure 1. two framework options for multiple DC reporting

[bookmark: _Hlk101167421]As discussed in [2], the original intention of introducing the DC offset is to give UE the freedom of avoiding narrow band interferences generated inside UE, and several MHz will be needed to serve the purpose. In this case +/-20MHz offset was proposed.
Observation 1:        To avoid narrow band interferences generated inside UE, e.g. spurs, +/-20MHz is needed in implementation.
It was also pointed out that in some implementations large offsets might be needed [3]. The scenario is as shown in Figure 2. It assumes the default DC location is in the gap of CCs but this UE cannot meet the in gap requirements like SEM/SE. Then it might need to move the DC to a in band location, i.e. within a CC, to leverage the carrier leakage requirement which is a loose requirement than OOB requirements.
Observation 2:        To allow UE leverage relaxed IBE requirements than difficult OOB requirements when DC is in between CCs, large DC offset might be needed for some UE.
This implementation is understood, however, some other implementation issues were also pointed out [2] when the DC offset is quite large (like 2.4GHz offset proposed in [3]) because it will require the analog filter to be extended largely then cause the UE performance degraded. Therefore, in our understanding reasonable DC location is around the middle rather than 2.4GHz far away from it. Up to now these issues were not been solved, and it makes companies hesitating in supporting huge offsets like 2.4GHz from real implementation perspective and also whether this is a valid case. With that there is no conclusion on how large the DC offset should be covered in last meeting.



Figure 2 DC offset for in gap requirements
Observation 3:        Large DC offset could degrade UE performance due to relaxed filter rejections in this case which makes UE normally put DC around the middle.
To move forward, one proposal shown in the discussion is to cover both above cases with necessary bits based on SCS, e.g. defining 12 bits based on the SCS. In our view this might be a good approach since the 2400MHz was originally proposed for FR2 which is not needed in FR1.
Observation 4:        DC offset is larger for FR2 comparing to FR1. 
Currently the largest frequency separation (FS) in spec for FR1 is [600] MHz, for FR2 is 2400MHz. And the largest offset that need to be considered is as shown in Figure 3.


Figure 3 Offset and frequency separation illustration
If we consider the extreme case in FR1 (CBW=5MHz, SCS=15KHz, FS=600MHz), and FR2 (CBW=50MHz, SCS=60KHz, FS=2400MHz) then the largest offset is 290MHz for FR1 and 1150MHz for FR2. Then the smallest bits to allow UE move it’s DC to inside CC in FR1 is 15bits, and FR2 is also 15bits.
Table 1 Calculation of OFFSET bits for the extreme case
	OFFSET bits
	SCS (KHz)
	Largest offset (MHz)
	Can covered largest FS (MHz)
	Largest FS in FR1 spec
	Largest FS in FR2 spec

	15 bits
	15
	491
	983 + 2xCBW
	FR1= 600MHz
	NA

	
	60
	1966
	3932 + 2xCBW
	
	FR2= 2400MHz

	
	120
	3932
	7894 + 2xCBW
	NA
	



From above it can be seen that with 15bits, then the largest frequency separation can be covered. And the implementation of putting DC location far away from default DC location can be covered to allow UE leverage the relaxed in band requirements.
Observation 5:        At least 15bits is needed if want to cover the largest frequency separation 600MHz in FR1, and 2400MHz in FR2.
Proposal 1:             Define 15bits SCS based DC offset for both FR1 and FR2.
[bookmark: _Hlk101187219]Overall, consider above two implementation cases, it is proposed to define 15bits DC offsets based on the SCS. Regarding which SCS is used in this case. As shown in Figure 4, in previous LS [4] it clarifies to RAN2 that “the subcarrier grid of the nearest lower frequency component carrier shall be extended to cover the frequency of the mathematical DC location”, i.e. in Figure 4 the CC1 SCS is used in the GAP when defining the default DC location. Meanwhile, in LS [4] it also clarifies to RAN2 that “The offset granularity is the sub carrier with smallest SCS in the configured or activated CCs/BWPs”. It can be seen that for the same GAP, two different SCS are used in the purpose of default DC location definition, and the purpose of DC offset definition.
In Figure 4, when real DC location is RealDC1, then the total offset is offset1+offset2, and the offset granularity is the smallest SCS of CC1 and CC2, i.e. 15KHz. And when real DC location is RealDC2, then the total offset is offset3+offset4, and the offset granularity is also the smallest SCS of CC1 and CC2, i.e. 15KHz though the CC2 SCS is different from the GAP SCS.


Figure 4 SCS definition in DC offset
[bookmark: _Hlk101190490]Proposal 2:             Clarify that DC offset granularity is the smallest SCS in the configured or activated CCs/BWPs even the SCS of CC which include DC is different from smallest SCS.

2.2 Single CC handling within CA
[bookmark: _Hlk101190336]In WF [5] it mentions about “FFS whether R17 mechanism can also cover single CC UL (non-CA case)”, it is unclear why this could be an issue since non-CA was not covered no matter in Rel-16 or Rel-17 CA DC reporting solutions. The single CC is reported in Rel-15 which is BWP based.
Observation 6:        The single CC (non-CA) DC is reported in Rel-15 based on BWP configured.
Then in the following RAN#95e discussion, it was further clarified in the exception sheet discussion that this is for the case of single CC handling in CA. And it seems this is about the case that UE fallback from UL CA to UL single CC. 
[bookmark: _Hlk101190473]Observation 7:        The single CC handling within CA in the exception sheet is about DC reporting when SCCs are deactivated and only PCC working.
To better understanding this issue, we use Figure 5 as an example. In this case, CC1+CC2 are configured to UE as UL NC CA, and UE DC location is “RealDC1”, latter on NW remove or deactivate CC1 and only has CC2 and UE moves the DC to “RealDC2”. How to report the real DC2 is the target.


Figure 4 UE DC when fall back from CC1+CC2 to CC2 only
Generally, in our view the handling of UE removes SCC (deconfiguration) or deactivate SCC is different in DC reporting.
· UE removes SCC (deconfiguration)
· Rel-15 single CC reporting should be followed, since this is no longer CA anymore.
· UE deactivate SCC
· Rel-16/17 CA based reporting should be followed, since this is still CA, i.e. still based on CC1+CC2. And this has already been covered by Rel-17 solution (UE report DC location based on activated CCs/BWPs).
Proposal 2:             Clarify that when SCCs are removed from CA, Rel-15 single CC reporting should be followed; when SCCs are deactivated from CA, Rel-17 solution should still be applied based on the CA configured.
2.3 Handling of DL only CC
In Rel-16 the DC locations can be reported via txDirectCurrentLocation-r16 IE, and this IE only can cover the DC locations that are included in the UL CCs and if DC location is out of UL CCs then 3300 or 3301 is used, i.e. no specific location defined.
However, in the previous meetings it has been pointed out that the DC location sometimes is important for UE to meet IBE requirements like IQ image especially FR2, and no exact DC location will make this impossible. That’s why the handling of DL only CCs are included here.
[bookmark: _Hlk101197185]Our understanding is that current Rel-17 DC location reporting solution already cover this aspect since it will take both UL and DL CCs into account as the LS to RAN2 [4]. The only issue is to make necessary clarifications in 101-2 to cover the DC location falling into DL only CCs.
Observation 8:        DC location in DL only CCs is covered by current Rel-17 solution where UE takes both UL and DL CCs into account in DC reporting.
Proposal 3:             If needed, make necessary clarifications in 101-2 to cover the DC location falling into DL only CCs.

3 Conclusions
This paper discussed about the remaining issues of DC location reporting for more than 2CC cases. And got the following conclusions.
2.1 DC reporting offset

Observation 1:        To avoid narrow band interferences generated inside UE, e.g. spurs, +/-20MHz is needed in implementation.
Observation 2:        To allow UE leverage relaxed IBE requirements than difficult OOB requirements when DC is in between CCs, large DC offset might be needed for some UE.
Observation 3:        Large DC offset could degrade UE performance due to relaxed filter rejections in this case which makes UE normally put DC around the middle.
Observation 4:        DC offset is larger for FR2 comparing to FR1. 
Observation 5:        At least 15bits is needed if want to cover the largest frequency separation 600MHz in FR1, and 2400MHz in FR2.
Proposal 1:             Define 15bits SCS based DC offset for both FR1 and FR2.
Proposal 2:             Clarify that DC offset granularity is the smallest SCS in the configured or activated CCs/BWPs even the SCS of CC which include DC is different from smallest SCS.
2.2 Single CC handling within CA

Observation 6:        The single CC (non-CA) DC is reported in Rel-15 based on BWP configured.
Observation 7:        The single CC handling within CA in the exception sheet is about DC reporting when SCCs are deactivated and only PCC working.
Proposal 2:             Clarify that when SCCs are removed from CA, Rel-15 single CC reporting should be followed; when SCCs are deactivated from CA, Rel-17 solution should still be applied based on the CA configured.
2.3 Handling of DL only CC

Observation 8:        DC location in DL only CCs is covered by current Rel-17 solution where UE takes both UL and DL CCs into account in DC reporting.
Proposal 3:             If needed, make necessary clarifications in 101-2 to cover the DC location falling into DL only CCs.
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