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1 Introduction
DC location reporting LS [1] was sent to RAN2 for signalling design, and the leftover issue is about the DC offset range as below.

	Issue 1-2-4: What is the offset range?

Option 1: restrict UE DC offset ranges for example +/-20MHz from the default DC location

Option 2: Largest offset is 1.5 GHz i.e. +/- 25000 sub carriers in a 60 kHz grid.

Option 3: Others.

Conclusion: FFS.


This paper further discuss on this issue.
2 Discussion

It was agreed that the signaling framework is UE reporting default DC location(s) and offsets as is shown in figure 1. And the offset is based on the smallest SCS.
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Figure 1 DC offset and the range
With the increase of CC numbers the offset choices could be quite large if without limiting the offset ranges. And in last meeting two offset choices were given, i.e. +/-20MHz or +/-1.5GHz. Quite different choices.

To better understand the proposals, two aspects need to be understood, one is the purpose of defining DC offset, the other is the impact of large DC offset.
· Purpose of DC offset

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 [2]. 
It was proposed to define offset as +/-1.5GHz in [3] with figure 2 reproduced from [3] to support the maximum NC CA frequency separation to 3 GHz. However, it is not clear the purpose of putting DC far away from Middle DC location.
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Figure 2. Offset in case of NC CA

Observation 1:         The intention of defining +/-1.5GHz offset needs to be better understood.
· Impact of DC offset

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;
Therefore, typically DC location is around the middle and not clear the reason of putting DC far away from it.
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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 2:    Large offset from default DC location might cause degradation of Tx/Rx signal qualities and power consumption.
Proposal:            It is proposed to define UE DC offset ranges as +/-20MHz from the default DC location.
References
[1] R4-2119965, LS on DC location for larger than 2CC, QC
[2] R4-2118883, R17 FR2 DC reporting, OPPO
[3] R4-2119490, Default and offset framework for DC location for > 2CC, QC



Default DC1
Real DC
offset
Activated CC or BWP

Offset Range




CC1
CC2
CC3
1.5GHz
Filter range with DC around middle
Filter range with DC 1.5GHz away from middle
Extended 3GHz receive CBW
Aggregated CA CBW
Other UE or interference



