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1. Introduction
In RAN#89 e-meeting, a new WID on NR RF enhancements for FR2 is approved [1] with the following objectives
	[bookmark: OLE_LINK2]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 98bis e-meeting, one WF [2] is agreed, the agreements are summaried as follows.
	[bookmark: OLE_LINK1]Tx power management
Agreements: Based on the discussions and inputs from interested companies, phase I related study for UE power/coverage enhancement with body proximity sensing can be completed and Phase II work can start from RAN4#99e. Based on WID, the scope of phase II include
· Only type 1 gap is considered (all UE RF requirements will apply)
· Specify the UL gap configuration(s) and requirements  
· [bookmark: OLE_LINK3]Gap overhead should be jointly decided with a good balance of the requirementperformance gains obtained in terms of P-MPR reduction. 
· Specify related UE capability(ies) once requirements are clear
· FFS more details on how to design the capability(ies), including FFS on mutual signalling method using
one-bit RRC flag from BS(s) and capability from UE(s) for the UL gap feature.
· Specify the related requirements and test case(s) and/or , if feasible,  to ensure that the performance gains are obtained from the introduction of UL gaps for proximity sensing
· The existing FR2 requirements won’t be impacted 
Coherent UL MIMO
Further study in phase I is needed to focus on: 
· Target is to improve current UE RF requirements. Performance evaluation should focus on the testable improvements with and without gap (R16 baseline). 
· R16 baseline should be the performance requirements defined in current spec, and the assumption behind is that UE has no UL gap for calibration.
· Performance metrics to be clearly identified
· The gain needs to be obtained in UE requirements
· NW and system impacts related evaluation include the impact of scheduling restriction, UL overhead (e.g. gap length, periodicity) and the potential UL interference when calibration is performing. 
· How the UE will use UL gap to achieve the gain. 


According to the conclusions achieved during 98bis e-meeting, the use case of Tx power management can step into Phase II from 99 e-meeting, and the scope of Phase II has been determined. In this contribution, we give some discussion based on the scope. For the use case of Coherent UL MIMO, further study in phase I is still needed. We provide some of our opinions for this use case.
2. Discussion
2.1 Tx power management
UL gap configuration
[bookmark: OLE_LINK6]Based on the agreements in 98bis e-meeting, for Tx power management use case, Type2 UL gap is precluded, only Type1 UL gap is supported. Further more, UL gap overhead should be jointly decided with a good balance of the requirement performance gains. In 98 meting, a range of 0.25% - 5% UL gap overhead was considered for evaluation purpose, where the UL gap overhead is defined as the duration of UL gap over its periodicity. According to the analysis in [3], take a frame structure DDDSU in FR2 numerology 3 (i.e. 120 kHz SCS) as example, UL gaps with an overhead of 5% correspond to 1 slot every 2.5 ms which may have be a significant impact in system level performance. Instead, MPE power back-off is averaged over few seconds. Based on the analysis on system level performance of the periodicity of UL gaps as well as the need for MPE P-MPR adjustments, it would be beneficial reduce the UL gap overhead to e.g. 0.05% - 0.125%.
So it should be noted that the assumption of the range of 0.25% - 5% UL gap overhead needs to be updated, such as update to 0.05% - 0.125%.
Proposal 1: For Type 1 UL gap, RAN4 needs to further check the UL gap overhead. 

Requirements improvement
To allow the UE to perform self-calibration on the configured UL gap at the expense of UL scheduling flexibility, it is necessary to consider how to fully convert the gain of UE self-calibration into the improvement of spectrum efficiency, that is also why many companies are so concerned about the performance evaluation. In our opinion, the performance evaluation is one aspect and another point of consideration is to improve the requirements, so that the gain of self-calibration on UL gap can be reflected in the requirements. 
It is very clear that the performance gain in Tx power management use case mainly comes from Body Proximity Sensor(BPS). Once a UE is capable of accurate BPS, dynamic and accurate P-MPR can be envisioned to improve MPE limitations on UE Tx power, which leads to performance gain. However in Rel-16, there is no P-MPR requirement, so we suggest to introduce a P-MPR or P-MPR reduction requirement so as to embody the performance gain from self-calibration in UL gap.
Proposal 2: The performance gain of self-calibration in UL gap should be reflected into requirement improvement, such as P-MPR or P-MPR reduction requirement. 

2.2 Coherent UL MIMO
Requirements improvement
As discussed in [4], average performance gain between coherent codebook subset and non-coherent codebook subset can be up to 30%, so coherent UL MIMO was proposed as another use case of UL gap. If the performance gain can be verified, then how to reflect the performance gain into requirements improvement should be carefully considered.
The current requirements for coherent UL MIMO in Rel-16 are shown as follows.
	[bookmark: _Toc53173211][bookmark: _Toc45889847][bookmark: _Toc37324324][bookmark: _Toc36456554][bookmark: _Toc52197488][bookmark: _Toc37322918][bookmark: _Toc29805345][bookmark: _Toc21340898][bookmark: _Toc36469652][bookmark: _Toc53173580][bookmark: _Toc52196508][bookmark: _Toc37254061][bookmark: _Hlk528918230]6.4D.4	 Requirements for coherent UL MIMO
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different physical antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each physical antenna port is larger than 0 dBm for SRS transmission and for the duration of time window. The requirement is verified with the test metric of EIRP (Link=TX Beam peak direction, Meas=Link angle).
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements apply when all of the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
-	No measurement gap occurs
-	No instance of SRS transmission with the usage antenna switching occurs
-	Active BWP remains the same
-	EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PScell or SCell(s))


We can divide these requirements into two types:
· Type 1: quantifiable RF requirements, including Difference of relative phase error, Difference of relative power error and Time window.
· Type 2: unquantifiable RF requirements, including all the conditions need to meet.
For Type 2 requirements, no matter with UL gap or without UL gap, which should be the same, so there is no need to improve such requirements.
For Type 1 requirements, whether such requirements can be improved should be further studied.
UL gap overhead
One of our concern is the UL gap overhead. As discussed in [4], comparing type 1 UL gap and type 2 UL gap, type 1 UL gap is generally used to calibrate the parameter not related to signal itself, however type 2 UL gap can calibration the signal distortion. So for the coherent calibration, type 1 UL gap is not suitable, only type 2 UL gap can be expected. As we discussed in [5], For Type 2 UL gap, considering the UL gap configuration should be UE-specific, the impact of UL scheduling limitation should be multipled by the number of UE. So the UL gap overhead for Coherent UL MIMO use case should be further studied, and which should be considered in the performance evaluation. 
Proposal 3: If only type 2 UL gap can be used in coherent calibration, the UL gap overhead should be further studied.
It should be noted that the relationship between the length of UL gap duration and the current Time window requirement. Maybe the length of UL gap duration should be equal to or larger than the Time window requirement, so that UE has enough time to complete the coherent calibration. This is a new feature of coherent calibration that differs from other calibration use case. But, which may cause unacceptable UL gap overhead, so the relationship between the length of UL gap duration and the current Time window requirement should be further studied.
Proposal 4: The current Time window requirement may cause large UL gap duration, the relation between the length of UL gap duration and the current Time window requirement should be further studied.
3. Conclusion
In this contribution, we have the following proposals for UL gap:
Proposal 1: For Type 1 UL gap, RAN4 needs to further check the UL gap overhead.
Proposal 2: The performance gain of self-calibration in UL gap should be reflected into requirement improvement, such as P-MPR or P-MPR reduction requirement. 
Proposal 3: If only type 2 UL gap can be used in coherent calibration, the UL gap overhead should be further studied.
Proposal 4: The current Time window requirement may cause large UL gap duration, the relation between the length of UL gap duration and the current Time window requirement should be further studied.
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