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1	Introduction
RAN4#101-bis-e approved an WF of [1], where the following was captured.
[image: ]
In addition, RAN4 received an LS reply from RAN2 [2] where the following questions were raised.
[image: ]
This contribution address the above remaining issues in the WF as well as the two questions raised in RAN2 LS.
2	Discussion
2.1	Virtue of default DC location definition
Before comparing the two options, we share our understanding of the benefit of default DC location definition. For simplicity, here we assume that a UE uses configured component carriers as “frequency component” which is defined in [3]. As far as the UE follows default DC location, the default DC location can be identified by calculation by network as illustrated in Figure 2.1-1.
[image: A screenshot of a computer

Description automatically generated with medium confidence]
Figure 2.1-1: Single default DC location with frequency component of configured component carrier
In the top two examples, the default DC locations and the actual DC locations are the same while in the bottom example, the default DC location and the actual DC location are NOT the same so that reporting of the offset from the default DC location is needed. Regarding the top two examples, since the network knows that the respective default DC locations are the mathematical canter of the lower edge of the lowest frequency component and the upper edge of the highest frequency component, the CC permutations of CC1+CC2 as well as CC2+CC3 does not need to be reported so that signalling overhead can be reduced as can be seen in Table 2.1-1.
Table 2.1-1: An example relation between permutations of the outermost CCs and reported information
	Permutations
	DC offset
	Necessity of reporting

	CC1+CC2
	NO
	NO

	CC2+CC3
	NO
	NO

	CC1+CC3
	YES
	YES



Observation 1: The benefit of the introduction of the default DC location together with frequency component carrier is reduction of signalling overhead for the outermost frequency component carrier permutations when the default DC location(s) do not have an offset from its location.
2.2	Views on shared default DC location
In order to address cases where multiple DC locations exist, so-called shared default DC location method was proposed [4]. An example of this method is illustrated in Figure 2.2-1.
[image: Timeline

Description automatically generated]
Figure 2.2-1: Shared default DC from [2]
In the example of the Figure 2.2-1, the frequency component carrier is configured CC. For the lower actual DC location, i.e., DC1, the corresponding outermost frequency component carriers are CC1 and CC2 while for the upper actual DC location, i.e., DC2, the corresponding frequency component carriers are CC3 and CC4. Now what the shared default DC location exactly means is as follows.
1st step: a UE reports NW that ”frequency component“ is “configured CC” and offset 1 and offset 2 information
2nd step: the NW calculates the mathematical center of (F1+F2)/2 since the NW knows F1 and F2.
3rd step: the NW derives DC1 = (F1+F2)/2 – offset 1 and DC2 = (F1+F2)/2 + offset 2
Observation 2: The shared default DC cannot be the actual DC location so that the benefit from the original intent of the default DC location is lost.
Observation 3: Reporting multiple DC locations with the shared default DC method is a detour, which forces both UE and NW to take a meaningless action. It would be even simpler to report DC1 and DC2 directly than to report “frequency component” with two offsets.
Observation 4: There is no signaling overhead reduction with the shared default DC location. Note that the situation becomes even more critical if BWP is a frequency component since the number of permutations drastically increases since up to four BWPs can be configured with one CC.
Moreover, one of the proponents mentioned that their assumption is that “all permutations will share same default DC and offset”. If it was true, it would mean the situation illustrated in Figure 2.2-2. Note that though the comment said that share “both” same default DC and offset, we included a case that only the offset is shared among all permutations just in case. It is quite not clear what “both same default DC and offset” means since we don’t know which frequency component carriers should be considered as the outermost ones among all the permutations to define the default DC location. Though we depicted this case at the lower right position of Figure 2.2-2, the definition of the default DC location for this case is not clear. 
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Figure 2.2-2: Shared default DC where all permutations share same default DC and offset
Though it is true that this method “artificially” reduces the amount of the signaling overhead without considering the side effect, this would restrict the UE implementation significantly as the price for the reduction. As can been in Figure 2.2-2, due to the same default DC and offset across all the permutations OR the same offset across all the permutations, the actual DCs need to be placed at the outermost edges of the outermost frequency components (in this case, outermost configured CCs, i.e., CC1 and CC3). It should be noted that in the Figure 2.2.-2, we assumed that the shared default CC and the offsets for 4CCs are shared with the lower order permutations, e.g., 3CCs. Even if we start with e.g., 3 CCs, and apply it to higher order permutations, e.g., 4CCs, still the actual DC positions cannot be placed in the suitable places.
Observation 5: For shared default DC with “all permutations will share same default DC and offset”, it imposes UE implementation on unnecessarily more stringent requirements on UE components to compensate for the side effects due to artificially defined non-suitable DC locations.
In addition, the shared default DC location loses the original benefit even more if a UE has three DC locations. It should be noted that further if “all permutations will share same default DC and offset” is assumed, the UE has to place DC locations into even more non-suitable locations.
Observation 6: As the number of DCs increases, the more inefficient "shared default DC" signalling becomes.
2.3	Views on multiple default DC locations
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Figure 2.3-1: A default DC location for a UE whose frequency component is configured carrier
As can been seen in Figure 2.3-1, what the UE needs to additionally report to network compared with single default DC location is which CCs are tied with which DC then. Then, the network can find the respective DC default locations belonging to the respective CC groups. More specifically, for the case of Figure 2.3-1, the UE needs to share the following information to the network.
Example 1:
Frequency component: configured CC
DC1              : CC1 & CC2 with offset if any(no need to report the offset if there is no offset)
DC2              : CC1 & CC2 with offset if any(no need to report the offset if there is no offset)
Example 2:
Frequency component: configured CC
DC1              : CC1 & CC3 with offset if any(no need to report the offset if there is no offset)
DC2              : CC4       with offset if any(no need to report the offset if there is no offset)
Observation 7: Multiple default DC locations have consistency with signal default DC location report and have possibility to reduce the amount of signaling overhead
2.4	Necessity of multiple DC location report
There was a view that the report of the 2nd DC location may not be necessary since it was not tested. In our understanding, not all the RAN4 requirements are tested unfortunately. If we made a decision of the introduction of a RAN4 requirement based on such a criteria, RAN4 would need to ask RAN5 if the potential requirement is tested or not before it is introduced. And we need to do it for every single requirement. Another aspect of necessity of DC location report is to give NW an opportunity to take some measures to improve the receiving performance if it wants as can be seen in [5].
Observation 8: A feature of multiple default DC locations is necessary to leave room for network to take measures to improve the receiving performance if it wants.
2.5	RAN2 LS on DC location report
The RAN2 LS in is asking two questions from RAN4:
1) What is the meaning of "per band configuration" for the default DC location capability: Is it applicable only to intra-band UL CA, or also to inter-band UL CA (i.e. per-band per-BC)?
2) How should two DC locations be reported to network and does this depend on the dual PA architecture somehow?
For the first question, the mechanism should be equally applicable to both inter-band UL CA including intra band UL CA and intra-band UL CA, so RAN4 should answer that the default DC location signaling is per band per-BC.
Proposal 1: Indicate to RAN2 that the default DC location signalling is per-band, per-BC.
[bookmark: _Hlk95726940]For the second question, it seems RAN2 was wondering whether the existing dualPA-Architecture capability is related to the DC location signalling. Since in the last meeting, there were agreements on relation between MPR and the number LO like MPR for PC2 NC UL CA, where two LO condition is indicated by the existence of dualPA-Architecture. Hence, if RAN4 further needs to agree that dualPA-Architecture indicates two LOs and two PAs across 38.101-1, -2 and -3, dualPA-Architecture can indicate the number of LO is two.
Proposal 2: RAN4 should discuss if dualPA-Architecture means if two PAs and two LOs or not across 38.101-1, -2 and -3.
In fact, the current Rel-16 DC location reporting is tied with dualPA-Architecture. 
	secondPA-TxDirectCurrent
The uplink Tx Direct Current location used by the UE with the second PA for the UEs which support dual PA for this uplink carrier aggregation. This field shall be absent for the UplinkTxDirectCurrentTwoCarrier entity where deactivatedCarrier of carrierOneInfo or carrierTwoInfo is set to deactivated.


Hence, we propose the following.
Proposal 3: In order to keep a consistency, define dualPA-Architecture as two PA and two LO depending on the outcome of the Proposal 2.
4	Conclusion
After the discussion, we obtained the following observations and proposals.
Observation 1: The benefit of the introduction of the default DC location together with frequency component carrier is reduction of signalling overhead for the outermost frequency component carrier permutations when the default DC location(s) do not have an offset from its location.
Observation 2: The shared default DC cannot be the actual DC location so that the benefit from the original intent of the default DC location is lost.
Observation 3: Reporting multiple DC locations with the shared default DC method is a detour, which forces both UE and NW to take a meaningless action. It would be even simpler to report DC1 and DC2 directly than to report “frequency component” with two offsets.
Observation 4: There is no signaling overhead reduction with the shared default DC location. Note that the situation becomes even more critical if BWP is a frequency component since the number of permutations drastically increases since up to four BWPs can be configured with one CC.
Observation 5: For shared default DC with “all permutations will share same default DC and offset”, it imposes UE implementation on unnecessarily more stringent requirements on UE components to compensate for the side effects due to artificially defined non-suitable DC locations.
Observation 6: As the number of DCs increases, the more inefficient the "shared default DC" becomes
Observation 7: Multiple default DC locations have consistency with signal default DC location report and have possibility to reduce the amount of signaling overhead
Observation 8: A feature of multiple default DC locations is necessary to leave room for network to take measures to improve the receiving performance if it wants.
Proposal 1: Indicate to RAN2 that the default DC location signalling is per-band, per-BC.
Proposal 2: RAN4 should discuss if dualPA-Architecture means if two PAs and two LOs or not across 38.101-1, -2 and -3.
Proposal 3: In order to keep a consistency, define dualPA-Architecture as two PA and two LO depending on the outcome of the Proposal 2.
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Further discuss the multiple DC reporting framework
Option 1: multiple default DC(s)
W FES on the mapping between default DC, outermost frequency components and offset.
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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

Question 2:

RAN2 understand the following requirement is meant to address dual PA architecture for intra-band UL CA. RAN2
asks RAN4 to clarify how two DC locations should be reported by the UE.

RAN4 requests RAN2 to make carrier leakage reporting future proof by accommodating reporting of at
least two DC locations in same intra-band configuration regardless of the number of aggregated
carriers.
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