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1. Introduction

RAN4#98-e agreed a WF on FR2 enhancements for UL gap.
	· Agreement: UL gap related performance gain
· UL gap-based UE power/UL coverage gain with proximity sensing has been shown with respect to R16 amount of P-MPR for UEs without the use of such gaps. However, how to show the gain in the test is FFS

· For PA and transceiver calibration use cases, the metrics for performance gain can be UE TX power increase and DL throughput increase. 

· FFS: additional metrics for consideration can be IBE reduction.
· Agreement: Network impact analysis
· Companies are encouraged to provide network impact analysis with the above evaluation assumptions
· Agreement: Requirements associated with UL gap:

· All the UE RF requirements should be applicable if any type of gaps is defined and allowed for the UE. 

· New requirements if identified can be discussed in phase II

· UE TX power and DL throughput


In this contribution we discuss raise questions for clarifying the discussion on benefits of introducing UL gaps for improving FR2 UE Tx performance in terms of P-MPR and peak EIRP as well as considerations for a test setup.
2. UL gap related performance gain
Following the latest RAN4 WF agreements we see that the performance gains obtained from introducing UL gaps could be categorized into two aspects:
1. UE Peak EIRP improvement due to e.g. PA and transceiver calibration

2. UE MPE related P-MPR improvement based on accurate user detection 
We see that to justify the introduction of UL gaps the related gains should also be clear. Based on the RAN4 discussions it seems that different companies are considering different UE improvement aspects using UL gaps. However, in order for the network to benefit and utilize the expected gains it is necessary for the network to know how and how much the UE performance is improved if UL gaps are introduced and provided to a UE. Therefore, it is also important to discuss detailed requirement improvements. In the next sections we discuss more in detailed how UE requirements could be improved in the areas of Peak EIRP and MPE if UL gaps are introduced.
3.  Peak EIRP Improvements 
In this section we discuss UE Peak EIRP improvements that could be achieved with better PA and transceiver calibrations using UL gaps. The expected gain of such calibration ranges from 0.5 dB to 3.5 dB as highlighted in R4-2100217. We should aim at noticeable 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.
Proposal 1: Introduce an improved FR2 peak EIRP requirement to show the performance gain from PA and transceiver calibration resulting from the introduction of UL gaps.
Currently e.g. FR2 PC3 UEs must meet the minimum peak EIRP requirement of 22.4 dBm for Bands n257, n258 and n261 (TS 38.101-2 v16.3.1: table 6.2.1.3-1 and 6.2.1.3-2).  Peak EIRP improvements resulting from PA and transceiver calibration using UL gaps should increase the minimum peak EIPR values to guarantee better performing devices.

When the FR2 UE minimum peak EIRP requirements were initially discussed in Rel-15, higher minimum peak EIRP requirements, even up to 25-28 dBm were discussed and proposed e.g, in R4-1712386, R4-1714447 and R4-1712319. For instance, R4-1712386 proposed mmW power class peak EIRP value to be in minimum 28.2 dBm for 28 GHz and 26.7 dBm for 39 GHz. Furthermore, 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 2: 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.
4. MPE P-MPR Improvements

In this section we discuss MPE related P-MPR improvement based on accurate user detection. 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.

Indeed, with a simple on/off proximity sensor (e.g. infra-red sensors), the UE needs to apply the maximum P-MPR to decrease the maximum peak EIRP to 10 dBm as soon as the sensor is triggered. However, the curve in Figure 1 shows the required P-MPR to comply with FCC regulations varies with the antenna-user separation. As such, if the UE is capable of accurately determine the user distance during the UL gaps, dynamic P-MPR could be envisioned to improve MPE limitations on UE Tx power. 
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Figure 1: maximum allowed peak EIRP for different antenna-user separations.
With the MPE specification in Rel-16, 38.133 specifies in Table 10.1.26 the following granularity for P-MPR reporting in PHR.
	10.1.26    P-MPR report

The P-MPR report mapping is defined by this clause.

10.1.26.1 Report mapping

Table 10.1.26.1-1 defines the P-MPR report mapping.

Table 10.1.26.1-1 Mapping of P-MPR
Reported value
Measured quantity value
Unit
P-MPR_00

3 £ PMP-R < 6
dBm

P-MPR_01

6 £ PMP-R < 9
dBm

P-MPR_02

9 £ PMP-R < 12
dBm

P-MPR_03

PMP-R ³ 12
dBm




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 currently indicates ³ 12 dB, therefore when UL gap indicates no user detection, the UE Tx power gain could be ³ 12 dB. Furthermore, accurate user detection may enable user distance estimation, hence a dynamic UE Tx power back-off mechanism. Such user distance detection is potentially enabling P-MPR reduction even during MPE events. In such cases, P-MPR might be reduced from P-MPR_03 to P-MPR_00, hence at least 6 dB improvement.
Proposal 3: Introduce a requirement on P-MPR reduction in MPE scenarios to show the performance gain resulting from the introduction of UL gaps for proximity detection.
5. Test setup for P-MPR reduction resulting from MPE enhancement with UL gaps for proximity sensing
· Performance gain considering UL gap periodicity 

In RAN4#98, 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.
For FR2 in numerology 3, SCS = 120 kHz and 1 subframe contains 8 slots in 1 ms. Therefore, the UL gap periodicity of 0.25% corresponds to 1 slot every 400 slots, which means 1 slot every 50 ms. Similarly, the UL gap periodicity of 5% corresponds to 1 slots/ 20 slots, which means 1 slots per 2.5 ms. These values are summarized in the table below:
	UL gap periodicity
	0.25%
	5%

	In slots
	Every 400 slots 
	Every 20 slots

	In ms
	Every 50 ms
	Every 2.5 ms


For example, considering a frame structure DDDSU in FR2 numerology 3 (i.e. 120 kHz SCS), there are 4 UL slots in 2.5 ms, which yields a:

· 1.25 % UL throughput loss with a 0.25% UL gap periodicity
· 25 % UL throughput loss with 5% UL gap periodicity.

These numbers need to be put in perspective with user detection for MPE where FCC averages the UE maximum EIRP over several seconds (and user movement could be quantified in e.g. half-seconds). 

Observation 1: UL gaps with a periodicity 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.
Proposal 4: 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 periodicity to e.g. 0.05% - 0.125% interval, which corresponds to 250 ms - 100 ms interval.
· Optional UL gap – Conditional P-MPR
While Rel-16 MPE P-MPR report is optional, it would be beneficial to the network to have this feature as a mandatory feature when UL gaps are also supported by the UE. 

Proposal 5: 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.

· Determining user distance estimation with radar functionality embedded in the antenna array
In order to save space and cost, reusing the antenna array as a radar has a clear advantage. However, for embedding the radar functionality into the transmitting array, the UE requires bandwidth and isolation in order to detect a user at the required distance for MPE compliance.

For example, with an efficient 1x4 array on the UE exhibiting an EIRP of 34 dBm (i.e. 23 dBm PA power and 11 dB gain), Figure 1 shows that such an array must restrict its Tx power to comply with MPE regulations whenever a user is detected to be at a distance of 14 cm from the said array. 
The bandwidth and sampling rate required to detect a nearby user puts a lower bound on the detectable distance. With a carrier bandwidth of 400 MHz as an example, the corresponding baseband bandwidth is 200 MHz and the sampling period is 2.5 ns according to the following formulas:
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Hence, the minimum detectable distance is [2]: 
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a 400 MHz carrier bandwidth (i.e. 200 MHz baseband bandwidth) can only provide a minimum detectable distance of 37.5 cm away from the array. Similarly, detection at 10 cm may require up to 1.5 GHz carrier bandwidth. 
Observation 2: In order to save space and cost, reusing the antenna array as a radar has a clear advantage. However, user detection at a few cm away from the array may require a very large bandwidth (e.g. 1 GHz) as well as a high sampling rate.
Nonetheless, compressed sensing may improve the minimum detectable distance to a user by a factor 2 [3]. 
Accurate user distance detection can enable the UE to reuse the array for MPE compliance, hence adjust the required P-MPR accordingly.
Observation 3: With accurate user detection and distance estimation, the UE can dynamically adjust P-MPR for MPE compliance according to user distance detection.

The introduction of UL gaps for proximity detection may enable dynamic power back-off, i.e. according to Figure 1, a user detected a few cm away from the active array only requires a few dB P-MPR instead of maximum P-MPR. For example, with an array with 34 dBm EIRP, a user at 10 cm only requires 4 dB back-off instead of maximum 24 dB back-off without distance indication.
Observation 4: The UE configured with UL gaps for proximity detection must also show P-MPR improvement depending on distance of object/user.
Proposal 6: Introduce a requirement difference on P-MPR reduction depending on proximity sensor triggering distance.
Moreover, for a user detection at 14 cm (i.e. with an array of 34 dBm EIRP) for MPE compliance, the transmitted radar signal travels 28 cm (round-trip path) and returns to the antenna panel after approximately 0.9 ns (0.28[m]/299800000[m/s]). With a return-trip below 1 ns for nearby users, simultaneous TX and RX operation is required to enable dynamic proximity sensing at distances shorter than 14 cm since the switch time between Tx and Rx for a typical 5G NR FR2 hardware implementation is in the order of nano seconds. Hence, full duplex operation is needed for radar detection to be a suitable technique for MPE compliance. 
In order to enable full-duplex operation of the radar functionality, the array also needs to exhibit a high isolation between its transmitter and receiver. Indeed, transmitting and receiving at the same time requires a very high isolation between the transmitted radar signal and the received reflected radar signal e.g. about 50 dB.

Isolation towards Rx Antenna ≈ EIRP + power level of reflected signal + margin ≈ 50 dB 

In the above example, the EIRP could be 23 dBm, the reflected signal could be -20 dBm including Rx gain for a distance of at 28 cm (round trip distance for a user detect at 14 cm) and the margin to ensure that the coupled Tx signal is lower that the reflected Tx signal could be 10 dB.

Observation 5: To enable radar operation to detect users, the array must be designed to provide enough isolation between transmitted and received signal (e.g. about 50 dB).
· User detection while reusing Tx signal (i.e. without UL gaps)

In order to avoid using UL gaps for MPE related user detection, the UE could reuse the Tx signal (i.e. bandwidth and power of the scheduled transmission, e.g. PUSCH DMRS, SRS, etc.). 
Nonetheless, for the UE to be able to reuse the array as an MPE proximity sensor during Tx transmission, it must be guaranteed to be allocated a sufficient bandwidth every e.g. half-second to comply with FCC regulations. While this may be very challenging in FR2, it may be more realistic for e.g. beyond 71 GHz operation, where the system could handle MPE proximity detection and relax the need for UL gaps.

However, this mechanism also requires that the reflected signal by the user blockage does not saturate the LNA. 

Observation 6: Only if enough bandwidth is allocated to the UE and if the UE can guarantee isolation in its Rx chain for full-duplex operation, some level of detection while reusing the Tx signal could be envisioned, thereby decreasing the need for UL gaps.
6. Conclusion

In this contribution, we have made the following observations and proposals:
Observation 1: UL gaps with a periodicity 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.
Observation 2: In order to save space and cost, reusing the antenna array as a radar has a clear advantage. However, user detection at a few cm away from the array may require a very large bandwidth (e.g. 1 GHz) as well as a high sampling rate.
Observation 3: With accurate user detection and distance estimation, the UE can dynamically adjust P-MPR for MPE compliance according to user distance detection.

Observation 4: The UE configured with UL gaps for proximity detection must also show P-MPR improvement depending on distance of object/user.
Observation 5: To enable radar operation to detect users, the array must be designed to provide enough isolation between transmitted and received signal (e.g. about 50 dB).

Observation 6: Only if enough bandwidth is allocated to the UE and if the UE can guarantee isolation in its Rx chain for full-duplex operation, some level of detection while reusing the Tx signal could be envisioned, thereby decreasing the need for UL gaps.

Proposal 1: Introduce a peak EIRP metric to show the performance gain from PA and transceiver calibration resulting from the introduction of UL gaps.

Proposal 2: 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 3: Introduce a requirement P-MPR reduction in MPE scenarios to show the performance gain resulting from the introduction of UL gaps for proximity detection.
Proposal 4: 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 periodicity to e.g. 0.05% - 0.125% interval, which corresponds to 250 ms - 100 ms interval.
Proposal 5: 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 6: Introduce a requirement difference on P-MPR reduction depending on proximity sensor triggering distance.
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