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1 Introduction
Rel-17 revised WI for UE RF enhancement was approved in RAN#91[1]. UL gap for self-calibration and monitoring is a one of the objectives of the WI. RAN4#98-e-bis discussed four types of use cases such as Tx power management, transceiver calibration, PA calibration, and coherent UL MIMO [2]. This paper provides our views on use cases of Tx power management and transceiver calibration.
2 Discussion
2.1 Background
The previous meetings approved related WFs [3][4][5]. According to [3], UL gaps are further classified into the following two types based on UE behaviour during the gap:

· Type 1: No UL scheduling during the gap is needed. NW can assign those resources to other UE for UL transmission.
· Type 2: UL scheduling, including dedicated time and frequency resources reserved for self-calibration and monitoring, during the gap is needed. NW cannot assign those resources to other UE for UL transmission.
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Figure 2.1-1: Type 1 gap and Type 2 gap
2.2 Discussion
2.2.1 Power management (Improvement of P-MPR) 
Our understanding on the use case of power management is that UE can detect whether or not human hands and bodies are close to Tx antennas by using UL gaps, and thus can avoid unnecessary P-MPR when human targets are not close to the Tx antennas, as described in [6]. Assuming the existence of UE(s) which cannot avoid unnecessary P-MPR without UL gaps, i.e., the UE(s) would use P-MPR roughly (constantly) to meet MPR compliance regardless of whether or not human targets are close to the Tx antennas, it is expected that such UE(s) can improve P-MPR values by introduction of the UL gap feature.
As mentioned above, the UE(s) targeted for this use case are those which use P-MPR constantly in case of no UL gaps configured even when human targets are not close to Tx antennas but can improve P-MPR with UL gaps by using the human detection. To clarify the targeted UE further, Table 2.2.1-1 shows three types of UEs related to P-MPR and UL gaps. Type A UE(s) do not implement the human detection and cannot improve P-MPR even if UL gaps are configured to the UE(s). Type B UE is the targeted UE for this use case. If UL gaps are configured to type B UE(s), P-MPR will be improved. Type C UE is UE(s) implemented with proximate sensors to detect human targets that do not require any gap to perform the detection. Existence of such kind of UE is described in the previous discussion [2]. 
Table 2.2.1-1: Clarification on targeted UE for use case of power management
	Type of UE
	P-MPR value when human targets are not close to Tx antenna
	NOTE

	
	Without UL gap
	With UL gap
	

	A
	High
	High
	

	B
	High
	Low
	Targeted UE for the use case of power management

	C
	Low
	Low
	UE that does not require any UL gaps to perform the detection



Although type C UE is also interesting from operator’s perspective, if we apply the test method proposed by [6] where we measure delta EIRP between the cases in which UL gap is activated and deactivated, it may be difficult to evaluate performance of type C UE. This is because type C UE does not require any UL gaps to perform the human detection, so the delta EIRP between activated and deactivated would be zero. Therefore, type C UE cannot pass the test case. We would like to also discuss a handling of type C UE when we are trying to introduce UL gap feature for the use case of power management. One possible test case is to test an absolute value of P-MPR not a relative value of P-MPR such as delta EIRP.
Observation 1: For the use case of power management, targeted UE is those which uses P-MPR constantly in case of no UL gap configured even when human hands and bodies are not close to Tx antennas but can improve P-MPR with UL gap feature by using the human detection (type B UE).
Observation 2: For the use case of power management, if we apply the test method to measure delta EIRP between the cases in which UL gap is activated and deactivated, it may be difficult to evaluate performance of UE that does not require any UL gaps to perform the human detection (type C UE)
Proposal 1: For the use case of power management, discuss a handling of UE that does not require any UL gaps to perform the human detection (type C UE). One possible test case is to test an absolute value of P-MPR not a relative value of P-MPR such as delta EIRP.
2.2.2 Transceiver calibration (Improvement of peak EIRP)
Our understanding on the use case of transceiver calibration is that UE can improve IQ imbalance, LO leakage and DC offset due to temperature variation during UL gaps. By improving such RF performance, it will make it easier for UE to meet EVM requirements, which allow PA to work in more non-linear range with higher output power, as described in [8]. The study in [8] shows that about 3.5dB higher Tx power can be achieved by transceiver calibration.

Improving Tx power is more aligned with the previous agreement describing that the performance gain over the current baseline (Rel.16 requirements) should be identified. If min peak EIRP and/or MPR are improved as mentioned in [9][10], we can confirm the performance gain over Rel-16 requirement by just changing the criteria of the requirements in testing. Such kind of improvement is beneficial since it is clearer metric for operators to decide whether this UL gap feature should be introduced. Note that since this use case was categorized as type 1 gap in the previous discussion [2], we expect that the improvement can be performed as type 1 gap. 
Proposal 2: For transceiver calibration, improvement on min peak EIRP and/or MPR should be discussed as type 1 gap.
2.2.3 Common aspect between power management and transceiver calibration

Another aspect we would like to discuss is the impact on NW scheduling. It was agreed that type 1 gap requires no UL scheduling during the gap and NW can assign those resources to other UE for UL transmission. However, it is unclear whether or not NW need to avoid UL assignments to UE activating UL gap calibration. If the answer is no, it means that NW can do scheduling in the same way as before without considering UL gap feature, and UE should activate UL gap calibration somehow when UL transmission is not assigned to the UE. If the answer is yes, NW and UE should recognize the timing of UL gaps, and NW need to avoid UL assignments to UE at that time. Since it may cause NW scheduling constraint, the details of this aspect should be clarified before agreeing the introduction of the UL gap feature. Furthermore, if any NW scheduling are identified, as discussed in [7], a mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) should be introduced to address possible problems on NW deployment.
Observation 3: For type 1 gap for each use case, it is unclear whether or not NW need to avoid UL assignments to UE activating UL gap calibration, while it was agreed that type 1 gap requires no UL scheduling during the gap and NW can assign those resources to other UE for UL transmission.
Proposal 3: For type 1 gap for each use case, clarify whether or not NW need to avoid UL assignments to UE activating UL gap calibration.
Proposal 4: If any NW scheduling constraint are identified, a mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) should be introduced as a package with introduction of UL gap feature to address possible problems on NW deployment.
3 Conclusion
Here we summarize our contributions:
Observation 1: For the use case of power management, targeted UE is those which uses P-MPR constantly in case of no UL gap even when human hands and bodies are not close to Tx antennas but can improve P-MPR with UL gap feature by using the human detection (type B UE).

Observation 2: For the use case of power management, if we apply the test method to measure delta EIRP between the cases in which UL gap is activated and deactivated, it may be difficult to evaluate performance of UE that does not require any UL gaps to perform the human detection (type C UE)
Proposal 1: For the use case of power management, discuss a handling of UE that does not require any UL gaps to perform the human detection (type C UE). One possible test case is to test an absolute value of P-MPR not a relative value of P-MPR such as delta EIRP.
Proposal 2: For transceiver calibration, improvement on min peak EIRP and/or MPR should be discussed as type 1 gap.
Observation 3: For type 1 gap for each use case, it is unclear whether or not NW need to avoid UL assignments to UE activating UL gap calibration, while it was agreed that type 1 gap requires no UL scheduling during the gap and NW can assign those resources to other UE for UL transmission.
Proposal 3: For type 1 gap for each use case, clarify whether or not NW need to avoid UL assignments to UE activating UL gap calibration.
Proposal 4: If any NW scheduling constraint are identified, a mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) should be introduced as a package with introduction of UL gap feature to address possible problems on NW deployment.
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