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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 99 e-meeting, one WF [2] is agreed, the agreements are summaried as follows.
	Coherent UL MIMO
· Recommended agreements:
· No testability issue of coherent UL MIMO is identified.
· Subject to RAN plenary decision, it is recommended to revise the WID with updated scope to include the coherent UL MIMO as new use case.  
· Is performance gain shown between coherent MIMO with calibration and  non-coherent MIMO?
· NW impacts with respect to gap type (e.g. type 1 or 2) and the codebook assumption alignment between UE and NW
· Agreement:
· UL gap for coherent UL MIMO is within the scope of WI for FR2 enhancement.
· We should follow the previous agreement for the further discussion in phase I.


According to the conclusions achieved during 99 e-meeting, the use case of coherent UL MIMO can step into Phase I from 99 e-meeting, and most companies suggested to deprioritize the use case of PA calibration and Transceiver calibration, but without any conclusion approved. In this contribution, we give some discussion based on the scope. 
2. Discussion
[bookmark: OLE_LINK1]2.1 Coherent UL MIMO
Requirements improvement
As discussed in [3], 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: _Toc37322918][bookmark: _Toc37324324][bookmark: _Toc53173211][bookmark: _Toc45889847][bookmark: _Toc36456554][bookmark: _Toc53173580][bookmark: _Toc29805345][bookmark: _Toc52197488][bookmark: _Toc21340898][bookmark: _Toc36469652][bookmark: _Toc37254061][bookmark: _Toc52196508][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 categories:
· Category 1: quantifiable RF requirements, including Difference of relative phase error, Difference of relative power error and Time window.
· Category 2: unquantifiable RF requirements, including all the conditions need to meet.
For Category 2 requirements, in our opinion, no matter with UL gap or without UL gap, which should be the same, so there is no need to improve such requirements. But some company argues that for the case of with UL gap, even though such switching happen mentioned in Category 2, UE can do calibration during UL gap, so that UE can still transmit PUSCH with coherent codebook, i.e. the Category 2 requirements are no longer existing with the help of UL gap. But we think Category 1 and Category 2 are related with each other. 
For Category 1 requirements, whether such requirements can be improved should be further studied. If the switching mentioned in Category 2 happen, which means the stable relative phase error difference and relative power error difference between different antenna ports are broken, so UE needs to re-build the balance between different antenna ports, and the Category 1 defines the Time Window, which is the observation window, so the length of observation window for the re-building procedure should not be smaller than the defined Time Window in Category 1. Finishing the re-building procedure within UL gap, which means the UL gap should be not smaller than the Time Window, we are not sure whether such a large overhead can be accepted considering which will bring obvious performance deterioration.
Proposal 1: Overcoming the switching mentioned in Category 2 with the help of UL gap, which will be challenged by the Time Window requirement belonging to Category 1. 

UL gap type
[bookmark: OLE_LINK8]Taking into account the amplitude and phase need to be calibrated, so the type 2 UL gap is more suitable. But considering that UE can use some scheduled transmission signal as calibration signal, such as PUSCH, so we can not see the necessity of introducing type 2 UL gap to do the calibration. Compared with do the calibration using scheduled transmission signal, if the benefits of using type 2 UL gap can be verified, it is meaningful to calibration UL MIMO within type2 UL gap.  
Proposal 2: Compared with calibration using scheduled transmission signal, if the benefits of using type 2 UL gap can be verified, it is meaningful to calibrate coherent UL MIMO within type2 UL gap.
2.2 PA calibration and TRX calibration
PA calibration
During Rel-15, RAN4 once discussed FR2 PA calibration gaps but finally decided not to introduce any PA calibration gap in Rel-15, gap for PA calibration can be scheduled by the UE itself autonomously. The aim was to avoid any impacts in other RAN WG specifications.
Currently, if no obvious gain can be justified between with UL gap case and without UL gap case for PA calibration, we can continue the decision of Rel-15, i.e. remove the use case of PA calibration.   
[bookmark: OLE_LINK3]Transceiver calibration
Generally, the main aim of transceiver calibration is to improve EVM and some emission related requirements. We believe UE can do the transceiver calibration by itself autonomously like PA calibration, so similar opinion as for PA calibration, if no obvious gain can be justified between with UL gap case and without UL gap case for transceiver calibration, remove the use case of transceiver calibration. 
Proposal 3: If no obvious gain can be justified between with UL gap case and without UL gap case for PA/Transceiver calibration, remove these use cases. 

3. Conclusion
In this contribution, we have the following proposals for UL gap:
Proposal 1: Overcoming the switching mentioned in Category 2 with the help of UL gap, which will be challenged by the Time Window requirement belonging to Category 1. 
Proposal 2: Compared with calibration using scheduled transmission signal, if the benefits of using type 2 UL gap can be verified, it is meaningful to calibrate coherent UL MIMO within type2 UL gap.
Proposal 3: If no obvious gain can be justified between with UL gap case and without UL gap case for PA/Transceiver calibration, remove these use cases. 
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