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Introduction
The WID on NR RF enhancement for FR2 need to be discussed in RAN4 from this meeting, and one objective of this WID for inter-band DL CA enhancement is listed as below:
	· UL gaps for self-calibration and monitoring. [RAN4 RF/RRM, RAN2] Study and, if feasible, introduce UE specific and NW configured gap for general self-calibration and monitoring purposes including
· PA efficiency and power consumption
· Transceiver calibration due to temperature variation 
· UE Tx power management
· Others self-calibration and monitoring are not precluded
· Phase 1: Study and clearly identify the performance gain over the current baseline (Rel.16 requirements) Study of RF performance evaluation/testability related to UE self-calibration and monitoring. Study network impact of UE emissions during UL gap, if any.
· Phase 2: Specify the UL gap configuration(s), related UE capability and interruptions, if needed, based on the identified performance gain in Phase 1 and UE fall back behaviour i.e. if gaps are not available for UE requesting gaps.


In this contribution, we provide the initial discussion on the RRM impacts due to UL gaps for self-calibration and monitoring.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]In last RAN4 meeting, the performance gain and network impact of introducing UL gaps for self-calibration and monitoring were discussed in RF session. If the feasibility of introducing UL gaps for self-calibration and monitoring is confirmed, then the corresponding RRM requirements need to be investigated.
· Network configured gap
Currently, the UE need to perform inter-frequency/inter-RAT measurements based on network configured measurement gaps. In TS38.133, gap pattern configurations and applicability for each gap pattern configuration are defined for measurement gaps. 
The UE may perform PA/transceiver calibration or power management during the network configured UL gap. So, UL gap patterns may be designed based on calibration use cases and network performance impacts. The UL gap overhead is considered as one aspect of network performance impacts. For UL gap configuration, the following agreements were achieved in WF [2].
	· Gap configuration: 
· A range of 0.25% - 5% UL gap overhead is considered for evaluation purpose. The UL gap overhead is defined as the duration UL gap over its periodicity.


The symbol-level UL gap length are discussed in RF session. The overheads of UL gap patterns with different combinations of gap duration and gap periodicity can be summarized in Table 1.
Table 1: Overhead of UL gap patterns
	UL Gap duration
	UL Gap periodicity

	
	1 slot
	2 slots
	5 slots
	10 slots
	20 slots
	40 slots
	80 slots
	160 slots

	1 symbol
	7.14%
	3.57%
	1.43%
	0.72%
	0.36%
	0.18%
	0.09%
	0.05%

	2 symbols
	14.29%
	7.14%
	2.86%
	1.43%
	0.72%
	0.36%
	0.18%
	0.09%

	3 symbols
	21.42%
	10.71%
	4.29%
	2.14%
	1.07%
	0.54%
	0.27%
	0.14%

	4 symbols
	28.57%
	14.29%
	5.72%
	2.86%
	1.43%
	0.72%
	0.36%
	0.18%

	5 symbols
	35.71%
	17.86%
	7.14%
	3.57%
	1.79%
	0.89%
	0.45%
	0.23%

	6 symbols
	42.84%
	21.42%
	8.57%
	4.29%
	2.14%
	1.07%
	0.54%
	0.27%

	7 symbols
	50.00%
	25.00%
	10.00%
	5.00%
	2.50%
	1.25%
	0.63%
	0.31%


If the UL gap overhead is assumed to be no larger than 5%, then the gap periodicity with 1 symbol gap duration shall be no shorter than 2 slots, the gap periodicity with 2/3 symbols gap duration shall be no shorter than 5 slots, and the gap periodicity with 4/5/6/7 symbols gap duration shall be no shorter than 10 slots. The configurations of gap duration are related to the required calibration time, which need RF inputs.
Proposal 1: RAN4 needs to investigate the pattern design of network configured UL gaps used for self-calibration and monitoring.
According to whether the UE supporting independent measurement gap patterns for different frequency ranges, network will decide to configure per-FR measurement gap pattern or per-UE measurement gap pattern. Whether the same UE capability will be used for UL gap configuration need to be studied in RAN4.
Proposal 2: RAN4 study whether the network configured UL gaps is per-UE UL gap or per-FR UL gap.
For measurement gaps, the applicability requirements specify which gap patterns can be configured as per-UE gap or configured as per-FR gap, and specify which per-FR gap patterns are FR1 only or FR2 only or both. For UL gaps, RAN4 need to study whether to define the applicability requirements for gap pattern configurations with considering of different calibration purposes. If the calibration time is different between in FR1 and in FR2, 
Proposal 3: RAN4 study whether to define the applicability for UL gap pattern configurations.
Obviously, network will not assign those resources on UL gap symbols for UL transmission to the serving cell. For per-UE type UL gap, the scheduling restrictions shall be applied to all the serving cells. For per-FR type UL gap, the scheduling restrictions shall be applied to the serving cells in the corresponding FR.
Proposal 4: For network configured UL gap, RAN4 needs to define the scheduling restriction requirements during gap duration.
· UE specific gap
Besides network configured UL gap, UE specific UL gap is also within the scope of this WID. If UE specific UL gap is introduced in R17, when the UE is allowed to perform self-calibration with autonomous UL gaps need to be discussed. One possible scenario is that UL gap pattern configuration is not indicated by network.
Proposal 5: For UE specific UL gap, RAN4 study the conditions allowing UE self-calibration with autonomous UL gaps.
For autonomous UL gaps, network could not predict which symbols would be used by UE to perform calibration. So, interruptions shall be allowed for UE to perform calibration with autonomous UL gaps. The interruption length and interruption rate need to be defined for autonomous UL gap. The interruption length can be defined to allow UE to perform calibration for different purposes. The interruption rate can be defined based on the assumed UL gap overhead.
Proposal 6: For UE specific UL gap, interruption requirements, including interruption length and interruption rate, to allow UE self-calibration with autonomous UL gaps.

Conclusions
This contribution provides the discussion on UL gaps for self-calibration and monitoring. The following are provided:
Proposal 1: RAN4 needs to investigate the pattern design of network configured UL gaps used for self-calibration and monitoring.
[bookmark: _GoBack]Proposal 2: RAN4 study whether the network configured UL gaps is per-UE UL gap or per-FR UL gap.
Proposal 3: RAN4 study whether to define the applicability for UL gap pattern configurations.
Proposal 4: For network configured UL gap, RAN4 needs to define the scheduling restriction requirements during gap duration.
Proposal 5: For UE specific UL gap, RAN4 study the conditions allowing UE self-calibration with autonomous UL gaps.
Proposal 6: For UE specific UL gap, interruption requirements, including interruption length and interruption rate, to allow UE self-calibration with autonomous UL gaps.
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