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1 Introduction
DC location reporting LS [1] was sent to RAN2 for signalling design, and in last RAN4 meeting the discussion of multiple DC location reporting, DC offset range, and relation between R16 and R17 reporting were discussed but without conclusion [2]. This paper will further discuss on these issues.
2 Discussion

2.1 Multiple DC reporting framework

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.
In [2], two reporting frameworks were discussed, as shown in below figure 1.
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Figure 1. two framework options for multiple DC reporting
From the DC location reporting perspective, both options can achieve the same purpose, and the differences can be seen in table 1. Comparingly, Option 2 needs the additional information of supported CCs/BWPs in each chain to calculate the default DC locations but with the benefit of no offset reporting in some cases.
Table 1 DC reporting comparison of two Options

	
	Option 1
	Option 2

	Default DC location
	· 1 DC @ Middle of all CC/BWP
	· 2 DC @ Middle of CC/BWP in each RF chain

	DC to CC mapping information
	· Not needed, default DC is middle of all CCs/BWPs
	· Needed to calculate each default DC

	DC offset
	· large offsets;

· Always reported;
	· 2 small offsets;

· Not needed when real DC is overlapping with default DC in each chain;


Observation 1:        Both one default DC location and two default DC location approaches can clearly indicate the DC locations to NW. And DC to CC mapping is needed in the calculation of two default DC locations, while DC offset needs to be always reported in the one default DC location approach.

Another point is whether the mapping of DC location and CCs are necessary or not in real NW or testing. Below figure 2 is an example of two UE implementations with same real DC locations. 

· In implementation 1, the real DC1 maps to CC1 and CC2, real DC2 maps to CC3 and CC4. Then when NW allocate RBs in CC3, the IQ image of these RBs will be in CC4 according to real DC2. And IQ image requirements will be applied in these CC4 RBs.
· In implementation 2, the real DC1 maps to CC1, CC2 and CC3, real DC2 maps to CC4. Then when NW allocate RBs in CC3, the IQ image of these RBs will be in CC1 according to real DC1. And IQ image requirements will be applied in these CC1 RBs.
With above example, it can be seen that the DC location and CC mapping is necessary in the testing of IBE requirements.
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Figure 2 necessity of reporting DC to CC map information
Observation 2:        DC location and CC mapping information is necessary in the testing of IBE requirements.
From this point of view, even Option 1 (one default DC location approach) needs to report the mapping of DC location and its corresponding CCs. In this sense, we tend to suggest using Option 2 (two default DC locations approach) as the reporting framework of UEs with multiple DC locations.
Proposal 1:             Adopt two default DC location approach, and report the mapping information of default DC location and its corresponding CCs/BWPs (Frequency Component).

Regarding how to report the mapping of default DC location and its corresponding CCs/BWPs, the simplest way is to report the lowest CC/BWP and highest CC/BWP that NW configured or activated.
Proposal 2              Report the lowest CC/BWP and highest CC/BWP of each default DC location when UE supports multiple DC location reporting.

2.2 Offset range

As discussed in [3], the original intention of introducing the DC offset is to give UE the freedom of avoiding narrow band interferences generated inside UE, and it is our understanding that several MHz will be enough to serve the purpose. That’s why +/-20MHz was proposed. If the real DC is far away from the default DC (middle of CCs/BWPs) then it might cause the UE performance degraded since the analog filter needs to be extended largely. Therefore, in our understanding reasonable DC location is around the middle rather than far away from it. The main contents are reproduced below for reference.
Figure 3 is the comparison of two cases, one is DC location at middle (Green line), and the other is at 1.5GHz away from middle DC (Red line). For UL, the analog filter frequency range will be extended if DC is not at the middle location. And 1.5GHz DC offset will cause 3GHz extension of the frequency range. This will potentially cause many problems. For example:

· There will be no isolation at the extended range, and UE co-existence issue might happen, e.g. leakage interference;

· With large offset from middle, the CIM products also become more severe;

· Much higher ADC sampling rate, and higher power consumptions;

· For UEs with shared LO between UL and DL, the DC location will also have impact on the DL analog filter. Blocking/ACS issues will happen in DL when large adjacent interference signal exists;

· Besides, PA efficiency and linearity will also be impacted;
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Figure 3. Comparison of two offsets
Based on above consideration, in our view, +/-20MHz is enough for the avoidance of narrow band interference purpose. And +/-20MHz with 15 KHz SCS step, the offset choices will be 2666 which can be covered by 12bits.
Observation 3:        Large DC offset from middle will cause degradation of Tx/Rx signal qualities and power consumption.

Proposal 3:             It is proposed to define UE DC offset ranges as +/- [20] MHz from the default DC location, meanwhile, we are open to consider other alternatives if reasonable.
2.3 Relation between R16 and R17 reporting method.

Rel-16 DC location reporting was based on permutation of BWPs in two configured CCs while Rel-17 is designed to accommodate large number of CCs/BWPs combinations. In principle the Rel-17 approach can cover Rel-16 approach. However, there is possibility that Rel-17 UE still use Rel-16 DC location reporting signaling to indicate its DC location to NW especially when NW configures 2CC case since the Rel-17 DC location report signaling is optional. From this perspective, RAN4 Rel-17 spec should cover both kind of DC location reporting signaling.
Observation 4:        Rel-17 approach can cover Rel-16 approach. However, there is possibility that Rel-17 UE still use Rel-16 DC location reporting signaling to indicate its DC location.

Proposal 4:             It is up to UE decide whether R16 or R17 reporting approach is used when NW configured CC number is two, and UE shall use R17 approach when NW configured CC number is larger than two.

Proposal 5:             RAN4 R17 spec should cover both R16 and R17 DC location reporting approaches in requirement definition.

2.4 RAN2 LS reply
RAN2 sent LS [4] to RAN4 about the capability issue as below. In RAN4 the discussion is focused on one band case (intra-band UL CA) that’s why in the LS it only mentions about the default DC location capability is per band. And when RAN2 define the signaling it needs to be future proof to cover future cases like intra-band CA + inter band CA, therefore, it should be the interpretation A, i.e. per band per band combination capability.

	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


Proposal 6:             Inform RAN2 that the default DC location capability is per band per band combination.

3 Conclusions

This paper discussed about the remaining issues of DC location reporting for more than 2CC cases including DC reporting framework, DC offset range, and relation between R16 and R17 DC location reporting approaches. And got the following conclusions.
Observation 1:        Both one default DC location and two default DC location approaches can clearly indicate the DC locations to NW. And DC to CC mapping is needed in the calculation of two default DC locations, while DC offset needs to be always reported in the one default DC location approach.

Observation 2:        DC location and CC mapping information is necessary in the testing of IBE requirements.
Proposal 1:             Adopt two default DC location approach, and report the mapping information of default DC location and its corresponding CCs/BWPs (Frequency Component).

Proposal 2              Report the lowest CC/BWP and highest CC/BWP of each default DC location when UE supports multiple DC location reporting.

Observation 3:        Large DC offset from middle will cause degradation of Tx/Rx signal qualities and power consumption.

Proposal 3:             It is proposed to define UE DC offset ranges as +/- [20] MHz from the default DC location, meanwhile, we are open to consider other alternatives if reasonable.

Observation 4:        Rel-17 approach can cover Rel-16 approach. However, there is possibility that Rel-17 UE still use Rel-16 DC location reporting signaling to indicate its DC location.

Proposal 4:             It is up to UE decide whether R16 or R17 reporting approach is used when NW configured CC number is two, and UE shall use R17 approach when NW configured CC number is larger than two.

Proposal 5:             RAN4 R17 spec should cover both R16 and R17 DC location reporting approaches in requirement definition.

Proposal 6:             Inform RAN2 that the default DC location capability is per band per band combination.
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