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1 Introduction
DC location reporting has been discussed in Rel-16 for the 2UL CC case and the CR in RAN2 was agreed to report DC location based on the permutation of BWPs which is maximum 64 locations can be accommodated. In Rel-17, the DC location reporting for FR2 more than 2CCs was added into WID [1]. And in last meeting the WF [2] was agreed as below where green highlighted is agreed and yellow highlighted is still pending on further discussion. This paper further discuss on these issues.
	Issue 5-1: Signalling framework
· Agree signalling framework with default DC location(s) and offset (static and dynamic)
· FFS on the detailed reporting for offset (static and dynamic)
Issue 5-2: Default DC location
· Choose modified Option 2 according to majority view.

· Multiple default DC locations: DC is in the middle of outermost edges among the configured, activated CCs or configured, activated BWPs and depends on UL or DL for each case.

· Further clarify the wording “in the middle”, e.g. middle RE or middle frequency or middle channel raster

Issue 5-3: Offset granularity
· WF:

· Using SCS as the starting point to further discuss the DC position values

· FFS whether SCS of default DC location defined is used
· Other alternatives are not precluded in next meeting.

Issue 5-4: Treatment of a case where DC lands outside carriers
· WF:

· FFS in next meeting, and consider whether 3300 or 3301 can be reused or exact DC location needs to be known by BS.

· FFS if reported whether lowest SCS or the SCS of default DC location defined is used
Issue 5-5: Treatment of a case that DC stays even after affecting factors’condition such as activated BW changes
WF

· FFS whether UE is allowed to change the DC location when the affecting faction changes
· If allowed, FFS how this new DC location to be updated
Issue 5-6: Carrier leakage exception handling
· WF:

· FFS on whether the carrier leakage and IQ image exception is allowed by regulation

· FFS on whether there is inconsistency between 3GPP spec and regulation requirements and how to handle it in FR2.

· FFS whether MPR requirement need further modify if carrier leakage and IQ image exception is not allowed


2 Discussion

2.1 Default DC locations
It was agreed in WF [2] that the signaling framework is using default DC location(s) and offset (static and dynamic) indication to report the DC location of a BWP/CC combination. And the first thing is about the default DC location. It was also agreed in WF [2] that UE can report multiple default DC locations where the default DC locations can be “in the middle of outermost edges among the configured/activated CCs or configured/activated BWPs and depends on UL or DL for each case”.
Here, to make it clearer, the meaning of “depends on UL or DL for each case” above actually is considering whether the UE architecture is sharing LO for UL and DL or separate LOs. As shown in figure 1, UE with separate LO for UL and DL the DC location will only depends on the UL CC/BWP configurations and the default DC location could be DC1. While for UE with shared LO for UL and DL the DC location will depends on both UL and DL CC/BWP configurations and the default DC location could be DC2.
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Figure 1 Default DC locations for shared LO or separate LO cases
Therefore, with the consideration of these two different LO implementations, the default DC location number is 8, i.e. in the middle of outermost edges among the following cases:

1) Configured UL CCs
2) Configured UL BWPs
3) Configured UL and DL CCs
4) Configured UL and DL BWPs
5) Activated UL CCs

6) Activated UL BWPs
7) Activated UL and DL CCs

8) Activated UL and DL BWPs
Observation 1:    UE LO implementation (shared LO or separate LO) will impact the default DC location.
Proposal 1:         It is proposed to clarify that there are 8 candidate default DC locations, i.e. in the middle of outermost edges among:

· Configured UL CCs
· Configured UL BWPs
· Configured UL and DL CCs
· Configured UL and DL BWPs
· Activated UL CCs
· Activated UL BWPs
· Activated UL and DL CCs
· Activated UL and DL BWPs
Regarding the wording “in the middle”, e.g. middle RE or middle frequency or middle channel raster, our understanding is the frequency should be middle frequency which is more in line with implementation.
Proposal 2:         It is proposed to clarify that “in the middle” means in the middle frequency.
2.2 Offset reporting
It was agreed that the signaling framework is UE reporting default DC location(s) and offsets (static and dynamic) as is shown in figure 2. The offset here could be static or dynamic and is based on the understanding of two kinds of UE implementations:
· For some UE DC location may only depends on the configured BWP or CC, thus the DC location offset is static => Offset static reporting

· For some UE the DC location is related to the activated BWP which leads to the offset is changing when the activated BWP is changed, or in some cases UE may need to adjust the DC location to avoid interferences => Offset dynamic reporting

Observation 2:    When default DC location is based on configured CC/BWP, the DC location mostly will be static reporting. While, when default DC location is based on activated CC/BWP, the DC location mostly will be dynamic reporting.
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Figure 2 DC offset and the range
If we only consider the case of dynamic reporting according to the activated BWP/CC then the DC offset can be reported when the activate BWP/CC MAC CE is received.
If we further consider the case of DC location adjustment for interference avoiding purpose, then it will be UE initiated reporting. To make the discussion easier, this situation could be considered in a low priority.
Observation 3:    For the dynamic reporting scheme, DC offset can be reported when the activate BWP/CC MAC CE is received.
Proposal 3:         It is proposed that DC offset will be reported if DC location is different from the default
· when activate BWP/CC MAC CE is received for the dynamic reporting scheme
· when configured BWP/CC RRC message is received for the static reporting scheme
2.3 Offset granularity
It was agreed that using SCS as the starting point to further discuss the DC position values, and FFS whether SCS of default DC location defined is used. With the above proposal 2, the default DC location is in the middle frequency and there is no definition of the SCS for default DC location since they are irrelevant.
Observation 4:    There is no definition of the SCS for default DC location since they are irrelevant and what matters for the default DC location is the outmost frequency.
For the SCS based offset granularity, one thing needs to be further considered is the case when different SCS are used for the CCs/BWPs, as shown in figure 3. Then in this case, the smallest SCS could be used as the offset granularity. For example, if UE DC offset is based on configured CC/BWP, then the smallest SCS among configured CC/BWP is used, and if UE DC offset is based on activated CC/BWP, then the smallest SCS among activated CC/BWP is used.

[image: image3.emf]Default DC1 Real DC

offset

Activated CC or BWP


Figure 3 Offset granularity for different SCS in CCs/BWPs
Proposal 4:         It is proposed to use the smallest SCS in the configured or activated CCs/BWPs as the offset granularity.

For the case of when DC lands outside carriers, as shown in figure 4, if exact DC location needs to be known by BS, proposal 4 still can be applied.
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Figure 4 DC location is outside the carriers
Proposal 5:         It is proposed to use the smallest SCS in the configured or activated CCs/BWPs as the offset granularity when DC location is outside of carriers and if UE is asked to report the DC location.

2.4 Offset ranges
In the previous discussion, it was pointed out that with the increase of CC numbers the offset choices could be quite large if without limiting the offset ranges. To reduce the complexity, only allowing frequency offset in a certain range could be a good way, as shown in figure 5.

For example, the offset range is +/-20MHz with 15 KHz SCS step, then the offset choice will be 2666 which can be accommodated by 12bits.
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Figure 5 Offset range definition
Proposal 6:         It is proposed to restrict UE DC offset ranges for example +/-20MHz from the default DC location.
2.5 UE architecture impacts
As shown in figure 6, UE might have different implementations to support the three CCs/BWPs, i.e. with one PA/panel or two PAs/panels. And the DC location is one for one PA/panel case, while there are two DC locations for two PA/panel cases. Therefore, the default DC location reporting and offset reporting should further take the UE architectures into account.
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Figure 6 UE architecture impacts to DC location
Observation 5:    There is only one DC location when UE uses one PA/panel to support the whole configured/activated CCs/BWPs, while there are two DC locations for two PA/panel cases.
Proposal 7:         Default DC location and offset should be reported together with PA/panel implementations.

2.6 Carrier leakage exception
In [3], it was pointed out that the FCC and Japan regulations didn’t mention about the exception for carrier leakage when it falls into the SE or SEM region, and it also pointed out that MPR will not help the UE to meet SE/SEM since LO in some implementations is not directly dependent on MPR. This seems a deadlock, without exceptions then how UE could meet the SE/SEM requirements once the DC falls into these region?
Observation 6:    It is challenging for UE to meet SE/SEM when carrier leakage falls into these regions and MPR doesn’t help.
3 Conclusions

2.1 Default DC locations
Observation 1:    UE LO implementation (shared LO or separate LO) will impact the default DC location.

Proposal 1:         It is proposed to clarify that there are 8 candidate default DC locations, i.e. in the middle of outermost edges among:

· Configured UL CCs
· Configured UL BWPs
· Configured UL and DL CCs
· Configured UL and DL BWPs
· Activated UL CCs
· Activated UL BWPs
· Activated UL and DL CCs
· Activated UL and DL BWPs
Proposal 2:         It is proposed to clarify that “in the middle” means in the middle frequency.
2.2 Offset reporting
Observation 2:    When default DC location is based on configured CC/BWP, the DC location mostly will be static reporting. While, when default DC location is based on activated CC/BWP, the DC location mostly will be dynamic reporting.

Observation 3:    For the dynamic reporting scheme, DC offset can be reported when the activate BWP/CC MAC CE is received.
Proposal 3:         It is proposed that DC offset will be reported if DC location is different from the default

· when activate BWP/CC MAC CE is received for the dynamic reporting scheme
· when configured BWP/CC RRC message is received for the static reporting scheme
2.3 Offset granularity
Observation 4:    There is no definition of the SCS for default DC location since they are irrelevant and what matters for the default DC location is the outmost frequency.
Proposal 4:         It is proposed to use the smallest SCS in the configured or activated CCs/BWPs as the offset granularity.

Proposal 5:         It is proposed to use the smallest SCS in the configured or activated CCs/BWPs as the offset granularity when DC location is outside of carriers and if UE is asked to report the DC location.

2.4 Offset ranges
Proposal 6:         It is proposed to restrict UE DC offset ranges for example +/-20MHz from the default DC location.

2.5 UE architecture impacts
Observation 5:    There is only one DC location when UE uses one PA/panel to support the whole configured/activated CCs/BWPs, while there are two DC locations for two PA/panel cases.
Proposal 7:         Default DC location and offset should be reported together with PA/panel implementations.

2.6 Carrier leakage exception
Observation 6:    It is challenging for UE to meet SE/SEM when carrier leakage falls into these regions and MPR doesn’t help.
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