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1. Introduction
RAN4#98-bis-e agreed a WF on FR2 enhancements for UL gap [1]. The following WF agreements were made for Tx power management part in [1]:
	· 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
· Gap overhead should be jointly decided with a good balance of the requirement 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) 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 




In this contribution we present our views on UE requirements and test cases for UE Tx power enhancements using UL gaps for body proximity sensing to ensure that the performance gains are obtained from the introduction of UL gaps for proximity sensing. We also discuss UE Peak EIRP improvements using UL gaps for PA and transceiver calibration.
2. UE requirements and test case(s) for UE Tx power enhancement with body proximity sensing
This section discusses the requirements and test case(s) for UE MPE related P-MPR improvement based on accurate user detection with help of UL gaps. Solid UE requirements and test cases are needed  to ensure that the performance gains are obtained from the introduction of UL gaps for proximity sensing. We see that to justify the introduction of UL gaps the related gains should also be clear.
Using UL gaps for P-MPR improvement relies on the possibility to detect the distance of the user from the array and apply the P-MPR dynamically depending on such distance.
Given the range and granularity of P-MPR, the expected gain of such a P-MPR calibration during UL gaps could be significant. The maximum P-MPR in Rel-16 indicates ³ 12 dB, therefore when UL gap indicates no user detection, the UE Tx power gain could be ³ 12 dB.
Three possible options for testing P-MPR improvement with the introduction of UL gaps for body sensing are discussed below.
· Option 1 – as proposed in [2]
This test is a 2-step approach, where the UE is placed in Free Space (FS) in a controlled environment, e.g. an anechoic chamber. The test compares the UE Tx power with UL gaps scheduling (i.e. step 1) and without UL gaps scheduling (i.e. step 2). The power difference in FS will reveal a larger UE Tx power when the UL gaps are scheduled, i.e. P_gaps > P_nogaps.


This test may be simplified by analyzing the P-MPR value reported in the PHR under MPE events, instead of measuring the UE Tx power.
However, the drawback of this test is that it does not show whether the UE is utilizing the UL gaps for proximity sensing. Indeed, the UE could also be equipped with other types of proximity sensors, e.g. infra-red sensors, capacitive sensors, or others. Such UEs may utilize other techniques to achieve P-MPR improvement while exploiting the UL gaps for another calibration than body proximity sensing.
· Option 2 – introducing a blocking material
This test is a 3-step approach, where the UE is placed in a controlled environment, e.g. an anechoic chamber. The UE is tested both in FS and blocked with a material placed in the near-field of the serving UE array. The test should not measure the UE Tx power and may analyze the P-MPR value reported in the PHR to save cost and time. The reason for this is that the introduction of a material may affect the radiation pattern of the transmitting array, thereby the UL received power.
Proposal 1: Introduce mandatory P-MPR reporting under MPE events for UEs configured with UL gaps for proximity detection, to show P-MPR improvement resulting from UL gap configuration to reveal user/object presence.
In the first step, the UE is in FS and no UL gaps are scheduled, therefore the radar functionality may not be conclusive. As such, with a large UL duty cycle, it is expected that the UE exhibits a default P-MPR value larger than 3 dB ensuring MPE compliance, even though it is in FS. As a reference, step 1 calculates the value PHR_FSnogaps.
In the second and third steps, the UE is blocked with a material, placed in the near-field of the transmitting array. The choice of material needs to be one that would trigger the radar but not trigger other types of proximity sensors, e.g. infra-red sensors, capacitive sensor, etc. in order to ensure the UL gaps are used for the body proximity sensing radar functionality exclusively. Such material may be e.g. cold phantom, piece of metal or polystyrene. Step 2 calculates PHR_Mat_nogaps and PHR_Mat_gaps in order to compare the P-MPR value with and without UL gaps scheduling, when the transmitting array is blocked  but the MPE event would only be triggered on UEs equipped with radar functionality of body proximity sensing.



In the outcome of the test where the UE is in power limitation and with large UL duty cycle, it is expected that for radar equipped UEs: P-MPR(PHR_FSnogaps) = P-MPR(PHR_Mat_nogaps) < P-MPR(PHR_Mat_gaps); and, for UEs equipped with other means for MPE detection P-MPR(PHR_FSnogaps) = P-MPR(PHR_Mat_nogaps) = P-MPR(PHR_Mat_gaps).
While this option provides a good indication of UEs using the UL gaps for radar detection of MPE events and improvement of UE Tx performance, it may also bring up complications in the testing requirements as e.g. the choice of blocking material, the placement of the blocker, etc. 
· Option 3 – jamming the radar
This test is proposed in order to verify that the UL gaps are exclusively used for the radar functionality of body proximity sensing, and that UEs equipped with other means of detecting MPE events (e.g. infra-red sensors, etc.) may not use the UL gaps for alternative calibrations in order to avoid any unnecessary UL gap time. Since this test does not require any blocking material and the UE is only placed in FS, the measurement may be done on UL power or with P-MPR value reported in PHR.
The proposed approach consists of 3-steps, where step 1 would lead the radar UE to exhibit a large P-MPR even in FS since no UL gaps are scheduled (for a power limited UE with large UL duty cycle). Step 2 should show a P-MPR improvement due to the UL gaps’ scheduling. Finally, step 3 introduces jamming the radar signal of the UE and would consequently disable the MPE event detection causing the UE to report a value similar to step 1, only for radar UEs.


This test would reveal UEs using the UL gap scheduling for body proximity sensing, as well as shown the P-MPR improvement. Nonetheless, jamming the radar signal is not a straightforward approach and may need further study.
Similarly to option 2, this test will clearly identify the use case of using radar for P-MPR improvement under MPE events. However, jamming the radar signal introduces complexity e.g. radar operating frequency, required signal level, etc 
Proposal 2: Further investigate and down-select one (or several) test(s) option(s) to ensure that UL gaps are used for radar detection of nearby body and enhance P-MPR under MPE events.
The intent of the test is to confirm that UL gaps are utilized for the purpose of proximity detection and thereby avoid any unnecessary usage of UL gaps. The test descriptions do not aim at mandating a specific implementation, only at ensuring that the gaps will benefit the particular use case of MPE and ensure a P-MPR improvement for radar UEs.
Observation 1: The test descriptions do not aim at mandating a specific implementation, they only aim at ensuring their use for P-MPR improvement in relation with MPE events for radar UEs. 
In addition to options 1, 2 and 3, we propose an explicit test to ensure UEs still perform well even when the network cannot provide UL gaps, i.e. exhibit as good performance as currently required. It is not always possible for the network to provide the gaps and it is important to ensure UEs still fulfill the minimum requirements, even when there is a body close by. 
Proposal 3: Consider an extra test to validate UEs fulfill current requirements even without UL gaps scheduled.
Test cases for enhancements without the gaps could also be considered for other type of UEs, i.e. UEs not equipped with radar functionality and embedding other means of body proximity sensing e.g. infra-red sensors, capacitive sensors, etc. Test with and without phantoms may be considered for such case. In this way also these UEs can show and support similar performance gains with different implementation choice and without need for UL gaps.
Observation 2: Another test may be defined for UEs embedding other means than radar for body proximity sensing.
After considering the testing aspects, the discussion should include how to write the core requirements while also matching with the selected testing approach.
Proposal 4: Further discussion how to define UE core requirements in addition to the testing aspects.
3. Peak EIRP Improvements using UL gaps for PA and transceiver calibration
In this section we discuss UE Peak EIRP improvement using UL gaps for PA and transceiver calibration. In the last RAN4#98-bis-e meeting no progress or agreements were made on this area. The latest agreements for this PA and transceiver calibration use case are are captured in the WF [3].
UE Peak EIRP improvements that could be achieved with better PA and transceiver calibrations using UL gaps. UE Tx power improvements and particularly improvements for peak EIRP for PC3 in FR2 as small performance gains would not justify the introduction of UL gaps. Peak EIRP improvements resulting from PA and transceiver calibration using UL gaps should increase the minimum peak EIPR values to guarantee better performing devices.
Initially even RAN4 agreed in R4-1714447 a TP with the following range of minimum Peak EIRP values:
Table 6.2.2-1: NR FR2 UE Power Class
	NR band
	Handheld Power Class Min Peak EIRP (dBm)

	n257
	[21.2-25.2]

	n258
	[21.2.25.2]

	n260
	[19.4-23.7]

	NOTE 1: minimum peak EIRP is defined as the lower limit without tolerance



Hence, considering that much larger minimum peak EIRP values were already considered in Rel-15, it should be possible to achieve better numbers with better calibration using UL gaps for PA/TRX calibration.
In our view the improvements in UE minimum Peak EIRP could be defined using similar boosting mechanisms and capability as already used e.g. for FR1. This would directly improve UE performance and UL coverage.
Proposal 5: Define improved peak EIRP requirements for PC3 UEs using similar power boosting as in FR1  (e.g. Boosting of 3-5 dB) when UL gaps used for PA/TRX calibration.
Considering the lack of progress in the last RAN4 meeting on UE enhancements based on PA and TRX calibration using UL gaps, we see the WID objectives in [4] should be updated by removing the cases where this is no further work.
Proposal 6: If there are use cases that companies are no longer interested in working on, the WID objectives in [4] should be updated by removing such use cases. 
4. Conclusion
In this contribution, we made the following proposals and observations:
Proposal 1: Introduce mandatory P-MPR reporting under MPE events for UEs configured with UL gaps for proximity detection, to show P-MPR improvement resulting from UL gap configuration to reveal user/object presence.
Proposal 2: Further investigate and down-select one (or several) test(s) option(s) to ensure that UL gaps are used for radar detection of nearby body and enhance P-MPR under MPE events.
Observation 1: The test descriptions do not aim at mandating a specific implementation, they only aim at ensuring their use for P-MPR improvement in relation with MPE events for radar UEs. 
Proposal 3: Consider an extra test to validate UEs fulfill current requirements even without UL gaps scheduled.
Observation 2: Another test may be defined for UEs embedding other means than radar for body proximity sensing.
Proposal 4: Further discussion how to define UE core requirements in addition to the testing aspects.
Proposal 5: Define improved peak EIRP requirements for PC3 UEs using similar power boosting as in FR1  (e.g. Boosting of 3-5 dB) when UL gaps used for PA/TRX calibration.
Proposal 6: If there are use cases that companies are no longer interested in working on, the WID objectives in [4] should be updated by removing such use cases.
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