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Introduction
FR2 UL gap is discussed in this email thread.
 In RAN#92e, revised WID on NR RF enhancements for FR2 is approved [1]. The purpose of this WI is to specify related FR2 UE features and associated requirements, including
· 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
· UE Tx power management
· Other self-calibration and monitoring are not precluded
· Coherent uplink MIMO
· 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 behavior i.e. if gaps are not available for UE requesting gaps.

Agreements in RAN4#99-e on UL gap for Tx power management is summarized as below  
Agreements: 
· It is feasible to enable non-zero P-MPR in Tx power management and BPS related UL gap testing.
· zero P-MPR assumption for the existing test cases kept unchanged 

On the test setups for UL gap based Tx power management.  
· Option 1: Based on P-MPR report with/without blocking
· Option 2: Based on peak EIRP measurement with/without blocking
· Option 3: other method like jamming 

On mandating P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management. 
· Option 1: Yes  
· Option 2: No.  
· Option 3: depending on the conclusion of test case setup  

On phantom or blocking be introduced in UL gap testing. 
· Continue discussion the test setup and requirement with and without phantom or blocking
· Discuss phantom simplification, e.g., size, material and position

On the RF requirement for the UE who is configured with UL gap for BPS based Tx power management
· Exact RF requirement will be based on test set up.  













Topic #1: BPS related UL Gap 
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2112088
	Apple
	Proposal 1: No phantom/blocking in UL gap test set up.   
Proposal 2: Reported Delta P-MPR is used as metric. 

	R4-2112635
	NTT COCOMO
	Observation 1: If we apply the test method to measure difference between the two 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.
Observation 2: By checking the three P-MPR (X/Y/Z) in Table 2.2.1-2, we can confirm not only the performance of UE(s) that improve P-MPR values with UL gaps (type C and D UE), but also the performance of UE that can achieve lower P-MPR values without UL gaps (type B and D UE).
Table 2.2.1-2: Clarification of the type of P-MPR (test case)
	Type of P-MPR
	Blocking material
	UL gap
	Type of UE

	
	
	
	A
	B
	C
	D

	X
	No
	No
	High
	Mid / Low
	High
	Mid / Low

	Y
	Yes
	No
	High
	High
	High
	High

	Z
	No
	Yes
	High
	Mid / Low
	Low / Very Low
	Low / Very Low



Proposal 1: To evaluate the improvement by UL gaps and the basic performance of all UEs, three P-MPR in Table 2.2.1-2 should be checked.
Proposal 2: RF requirement for UL gaps is given the relaxation value (ω).
· If [X (type X P-MPR) < β] or [Delta Y (type Y P-MPR) – X (type X P-MPR) > γ]
⇒ Delta X (type X P-MPR) – Z (type Z P-MPR) >  α-ω  (Further discussion is needed to determine α,β,γ,ω.)


	R4-2112808
	Nokia
	Observation 1: The test needs to ensure that UL gaps are used for body proximity sensing and P-MPR improvement with MPE events.
Proposal 1: Support Option 1 with blocking as first priority if further discussion on the type of material that would trigger only radar is conclusive.
Proposal 2: Do not support Option 2. EIRP is not a reliable metric and P-MPR report is sufficient.
Proposal 3: Support Option 3with further discussion on jamming possibility as second priority, if consensus cannot be found regarding option 2.
Proposal 4: 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 5: Further discussion how to define UE core requirements in addition to the testing aspects.
Observation 3: Gains should be shown between coherent MIMO without the gaps and coherent MIMO with the gaps.


	R4-2113005
	vivo
	Observation 1: Any UE implementation that can use gap to reduce P-MPR should be allowed and not limited to the use of BPS, so that the UEs can support this feature more flexibly. 
Proposal 1: What we should verify is the gain brought by the introduction of gap itself, and the influence of different calibration method or sensor capabilities need to be precluded.
Proposal 2: The P-MPR reporting is more straightforward to reflect the performance gain of the UL gap for Tx power management and should be used as the baseline for test setups. At the same time, the P-MPR should be mandatory for the UE who support UL gap for Tx power management while the gap is configured. 
Observation 2: The delta P-MPR without blocking/phantom cannot identify whether the performance gain comes from the gap itself because there may be other calibration methods that do not require gap.
Proposal 3: The blocking/phantom should be introduced in the verification of the calibration for Tx power management, which is helpful to distinguish whether the performance gain comes from the gap itself.
Proposal 4: The performance gain of Tx power management should be defined as the difference between the PMPR changes before and after the gap is configured, as shown in Figure 1. 

	R4-2113211
	ZTE
	Proposal 1: Once the configured UL gap activated, mandating P-MPR reporting.
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: UE should also meet SEM or transmit off power during the BPS UL gap to avoid causing interference.

	R4-2113661
	Ericsson, Sony
	Observation 1: RAN4 shall follow the directive from the meeting report “RAN4 will not define any requirements until the corresponding testing methodology for the performance enhancement is clear”
Observation 2: 3-4 dB can be seen as a typical value of P-MPR (assuming a 20% uplink duty cycle).
Proposal 1: Finalize the details regarding different gap configurations and their possible impact on activation, e.g. periodical/aperiodical/semi-persistant configuration.
Proposal 2: Activation of the configured gaps shall be done by means of MAC CE.
Proposal 3: UE vendors are encouraged to provide input of “Default/baseline” P-MPR that can be expected in regular operation in field.
Proposal 4: Mandate test coverage for UEs configured with UL calibration gaps for Tx power management, i.e. test OFF power requirement in the gap time window (other tests might also be considered).
Proposal 5: Investigate if the periodicity of PHR/P-MPR reports are sufficient to provide valid feedback for BPS calibration gaps.
Proposal 6: Investigate further the need for 3GPP to standardize body phantom and the impact of a body phantom on OTA performance

	R4-2113900
	OPPO
	Observation 1:    There is possibility in real testing, the phantom/blocking material cannot be detected by signals in the UL gap if positioned improperly, and no PMPR is triggered.
Observation 2:    Test mode based is more operable, but this can be left to RAN5 and is out of RAN4 scope.
Proposal 1:         It is proposed to leave the test method design to RAN5, e.g. whether to use test mode trigger PMPR etc.
Observation 3:    No gain can be observed by configuring UL gap, if the PMPR gain is less than 3dB or PMPR value is larger than 12dB.
Observation 4:    Peak EIRP based metric is more precise, and can rely on existing tests if no phantom is used.
Proposal 2:         It is proposed to adopt peak EIRP as the testing metric and no phantom used.
Observation 5:    How much dB gain in Peak EIRP deserves the UL gap is still unclear.
Proposal 3:         It is proposed to further discuss the required dB gain in UL gap feature, e.g. 1dB or 2dB.

	R4-2114492
	Huawei, HiSilicon
	Observation1: there is no RF requirements for coherent UL MIMO under multiple conditions, including DRX on, BWP switching, SRS switching, DL measurement gap, etc.
Proposal 1: UE requirement improvement by using coherence calibration gap can go with one of following options:
•	Option 1: Specify 40 degree relative phase difference and 4dB power difference for side conditions including DRX on, BWP switching, SRS switching, DL measurement gap, etc.
•	Option 2: Improve the relative phase difference by using the calibration gap, e.g. 30 degree, but the conditions are limited as in current TS 38.101-2, e.g. no BWP switching, no measurement gap.
Proposal 2: RAN4 confirms the work on performance gain introduced by coherence calibration gap (i.e. power and phase maintain between UE RF chains) can be concluded.
Proposal 3: RAN4 confirms the work on performance loss caused by UL gaps for coherence is concluded, there is No performance loss caused by UL gaps configured for coherence calibration.


	R4-2114555/R4-2114577
	Qualcomm
	Observation 1: It is unclear how to communicate to the UE which supports UL gaps that it is under normal conformance testing and needs to set the P-MPR=0. 
Observation 2: How to test the functionality of this feature is unclear and more information is needed from the proponents and discussion in ran4 how this can be concluded
And following proposals:
Proposal 1: When UE declares support for UL gaps, it is mandatory for UE to also support mpe-Reporting-FR2
Proposal 2: 6 dB EIRP improvement requirement is defined as RF test for this feature when UL gaps are configured




Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1: Performance and test metric 
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 1-1-1: Metric used to evaluate the performance gain when UL gap is configured
· Proposals
· Option 1: Delta P-MPR reported in existing PHR signaling (Apple, Nokia, vivo, ZTE)
· Option 2: Peak EIRP measurement (OPPO)
· Option 3: both P-MPR report and peak EIRP measurement (Qualcomm)
· Recommended WF
· TBA

Issue 1-1-2: Performance gain
Moderator notes: the proponent of each options to provide the associated side condition including waveform, UL duty cycle,  max EIRP, etc.
· Peak EIRP based:
· Option  1: 6dB
· Option  2: depending on the “typical” value of in field, where “typical” value is TBD
· Option 3: to be further discussed, e.g. 1dB or 2dB 
· P-MPR report based
· Option 1: different reported value
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Sub-topic 1-2: Test methodology and phantom/blocking
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 1-2-1: Test methodology
In  R4-2112635, four types of UE are identified as 
	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
	· UE cannot implement the human detection even if UL gaps are configured

	B
	Mid / Low
	Mid / Low
	· UE that shows good performance without UL gap and does not require any UL gaps

	C
(Targeted UE)
	High
	Low / Very Low
	· UE that don't shows good performance without UL gap, so it requires any UL gaps for improvement

	D
	Mid / Low
	Low / Very Low
	· UE that shows good performance without UL gap, but it requires any UL gaps for further improvement.



· Proposals
· Option 1: Based on P-MPR reporting without phantom to distinguish UE type A, B and C.
	Test
	Blocking/phantom
	UL gap
	Type of UE

	
	
	
	A
	B
	C 

	Step 1
	No
	Yes
	High
	Low
	Low

	Step 2
	No
	No
	High
	Low
	High



· Option 2: Based on P-MPR reporting with phantom to distinguish UE type A, B, C and D
	Test
	Blocking/phantom
	UL gap
	Type of UE

	
	
	
	A
	B
	C
	D

	Step 1
	No
	No
	High
	Low
	High
	Low

	Step 2
	No
	Yes
	High
	Low
	Low
	Very Low

	Step 3
	Yes
	No
	High
	High
	High
	High



· Option 3: Based on peak EIRP reporting without phantom 
· Option 4: Based on hybrid of peak EIRP reporting and P-MPR reporting with phantom
 
	Check 
	Description
	If not performed

	Regular conformance
	All test cases from Rel-16
	No conformance acceptance

	EIRP test 1
	UE EIRP test without gaps in live mode. In test lower EIRP performance should be observed
	See below

	EIRP test 2
	UE EIRP test with gaps in live mode, EIRP improvement of [6] dB should be observed and EIRP should meet conformance criteria. No phantom/blockage of antenna
	Test 1 and 2 should show improvement. Otherwise UE is not taking advantage of gaps. 

	EIRP test 3
	UE EIRP test with phantom or other means to block antenna. EIRP reduction should be observed and P-MPR report accordingly
	UE may not perform MPE scan and functionality is not according to gap justification. Possible improper use of P-MPR 



· Option 5: Based on P-MPR reporting without phantom, but with RADAR jamming
· Option 6: Leave the test method design to RAN5

· Recommended WF
· TBA



Issue 1-2-2: Feasibility to introduce phantom in FR2 test in Rel-17
List of potential discussion points raised in the contributions
· Material including coating material
· Impacts on the existing FR2 test environment, e.g. antenna radiation pattern, quiet zone, etc.
· Blocking effects 
· Measurement uncertainty
· Impact of the size and positioning of the phantom
· 

Sub-topic 1-3: Other related issues
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 1-3-1: “Default/baseline” P-MPR that can be expected in regular operation in field?

Issue 1-3-2: Is the periodicity of PHR/P-MPR reports are sufficient to provide valid feedback for BPS calibration gaps?

Companies views’ collection for 1st round 
Open issues 
Issue 1-1-1: Metric used to evaluate the performance gain when UL gap is configured
· Proposals
· Option 1: Delta P-MPR reported in existing PHR signaling (Apple, Nokia, vivo, ZTE, Qualcomm)
· Option 2: Peak EIRP measurement (OPPO, Qualcomm)

	Company
	Comments

	OPPOXXX
	Option 2, peak EIRP based measurement.
For Option 1, we understand the benefit of using PMPR reporting is the simplicity in testing. However, in current PMPR reporting, it is 3dB step based and the value range is limited to 12dB as below figure shows. That means for the following two cases, no gain can be observed:
· Case 1: The delta PMPR gain for with or w/o gap configured is within 3dB, then same PMPR will be reported, i.e. gain cannot be observed;
· Case 2: If the PMPR absolute value is larger than 12dB, e.g. 20dB, then P-MPR_03 is reported and even the gain is 5dB, UE still report P-MPR_03, and no gain can be observed by configuring UL gap.
Due to above two issues, our understanding is peak EIRP measurement is better in consistent gain observation.
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	Apple 
	Option 1. We see delta P-MPR is a straightforward method to test the UL gap performance gain.

	ZTE
	Option 1. Delta P-MPR is the most straightforward metric to verify the performance gain.

	Qualcomm
	Option 3 provides test that UE behaves the way it reports. We do not see why some proponent do not want the EIRP to be tested since it is obvious that EIRP should improve with the gaps.  

	Sony
	Option 1 is more feasible to verify the proposed use case (BPS). Though the resolution of P-MPR reporting is not very high, it should be sufficient to verify the P-MPR improvement based on our estimated P-MPR value is at least 3-4 dB from a typical device.

	Nokia
	In our contribution we proposed P-MPR reporting with and without blocking as metric aligned with the earlier RAN4 agreement. Since some companies see that the support of phantom is too challenging within the Rel-17 time frame, we see that combined peak EIRP and P-MPR comparison could then be an alternative metric without phantom. 
The actual details of the signaling should be decided once the requirements and testing details are agreed. It is not clear what is meant with “Delta P-MPR” in the option 1 as it is not clearly defined. For example, “comparing different P-MPR values” may be more clear. The current MAC specification defines mpe-Reporting-FR2 reporting, which we should try to re-use.  
In the requirements and tests, it is important to ensure that clear performance gain in terms of reported P-MPR is achieved when the UE uses UL gaps for MPE proximity detection. As such, minimum gain of 3 dB is acceptable (i.e. P-MPR_00). However, the case 2 observed in OPPO’s comment is also a concern for us, particularly if no phantom can be used during the test. Therefore, to address this concern and to avoid the usage of phantom which may be challenging and delay the work, we support that the metric used to evaluate the performance gain is based on a combination of the Peak EIRP measurement and the comparison of P-MPR values. 
Thus, we support Option x: combined peak EIRP and P-MPR comparison (and then in the requirements improved requirements with UL gaps)

	DOCOMO
	Option 1. Delta P-MPR is a straightforward metric. In addition, if the absolute value of P-MPR can be measured, it may be possible to evaluate the performance of the UE without UE gap.

	vivo
	Option 1, delta P-MPR is more straightforward. 

	Ericsson
	Option 1 Delta P-MPR, However the limits of reporting P-MPR, i.e. 3dB resolution and max 12 dB is a concern. Hence, we are open for including EIRP if possible from a testing P.O.V (in line with Qualcomm and Nokia)

	Intel
	Our preference is Option 1 as it is the most direct way, though we think greater granularity may need to be discussed


 
Issue 1-1-2: Performance gain
· Peak EIRP based:
· Option  1: 6dB
· Option  2: depending on the “typical” value of in field, where “typical” value is TBD
· Option 3: to be further discussed, e.g. 1dB or 2dB 
· Moderator notes: the proponent of each options to provide the associated side condition including waveform, UL duty cycle,  max EIRP, etc.
· P-MPR report based
· Option 1: different reported value
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	Company
	Comments

	OPPOXXX
	For peak EIRP based, Option 3 is ok. And the exact value actually in our view can be 2dB based, since any Tx power improvement is not easy and has benefit in extending UL coverage.

	Apple 
	Support P-MPR report-based Option 1. 
P-MPR gain would depend on the side conditions including waveform, UL duty cycle and max EIRP, etc. Further, implementation margins also need to be considered. In the case of BPS, implementation margin is decided based on RF impairments and Tx power variations due to temperature variation, baseband estimation/detection inaccuracies, etc. The eventual P-MPR gain requirements need to be decided jointly based on side conditions and implementation margins. 


	ZTE
	FFS

	Qualcomm
	In order to ensure there are gains for this feature, peak EIRP improvement should be specified. 6 dB was used to justify this feature by Apple so 6 dB should be used as criteria. 

	Sony
	Option 2. The value should be estimated based on real devices performances. A typical 3-4 dB P-MPR value is estimated in our simulations with a 100% duty cycle with 26 dBm peak EIRP UE with CW.

	Nokia
	If phantom phased testing cannot be supported in Rel-17, in our view requirements for both peak EIRP and P-MPR report are needed.
For both P-MPR and peak EIRP it is important that clear performance gains are achieved when UL gaps is used for proximity detection. It is necessary define requirement limits how much less P-MPR needs to be required when utilizing UL gaps. Similarly improved peak EIRP requirements are needed when UL gaps are utilized. 
If gap length and density are high, then even bigger requirement improvements for P-MPR and peak EIRP are necessary to justify UL gaps. 
The proposed option 1 above “Option 1: different reported value” is not clear. It is not sufficient that reported P-MPR value is just different. The difference i.e. gain in the requirements and tests to be sufficiently large, at least 6 dB. 
We support Peak EIRP option 1: with at least 6 dB improvement and P-MPR report option x: with at least 6 dB improvement (in the case that there is no phantom in the test setup)

	DOCOMO
	Support P-MPR report-based Option 1.
(In addition, apart from this test, the UE performance without UL gap is evaluated by “absolute value of P-MPR (reported value)”. This is to evaluate UEs that show good performance without UL gap.)

	vivo
	· P-MPR report based
In R16, we have discussed whether the PMPR=0 should be introduced to indicate that the UE is back to the normal state, but considering this state can also be derived from P-bit, the reporting of PMPR=0 is abandoned. For the performance gain of gap, the PMPR=0 may be needed to reflect the change of the reported value. 

	Ericsson
	Option 1 &2. Indeed 6dB was used for justification but also typical field values should be counted for. No less then 3dB so Option 3 is not agreeable. 

	Intel
	P-MPR report based
For Option 1 (different reported value), considering the granularity and ranges, if the reported values are consecutive (e.g., P-MPR_00 and P-MPR_01), the gain may be as low as 1 dB and as high as 5 dB (assuming whole numbers).
For this case, to ensure the gain is larger than 1 dB, greater granularity will be needed. This also helps with the two cases captured by OPPO in Issue 1-1-1.




Issue 1-2-1: Test methodology
· Option 1: Based on P-MPR reporting without phantom to distinguish UE type A, B and C.
· Option 2: Based on P-MPR reporting with phantom to distinguish UE type A, B, C and/or D
· Option 3: Based on peak EIRP reporting without phantom 
· Option 4: Based on hybrid of peak EIRP reporting and P-MPR reporting with phantom
· Option 5: Based on P-MPR reporting without phantom, but with RADAR jamming
· Option 6: Leave the test method design to RAN5
	Company
	Comments

	OPPOXXX
	Option 3 and Option 6.
The test method design actually is RAN5 responsibility instead of RAN4.

	Apple 
	Option 1. Challenges to introduce phantom are listed in issue 1-2-2 phantom discussion. 
The test cases should be developed with primary focus on how to show sufficient gain between with and without UL gap configured. We think both option 1 and 2, which are based on P-MPR reporting, can serve the purpose. However, due to the uncertainty to introduce phantom within R17 time frame, option 1 is preferred. Without phantom, an example shown below can be used to test device type A, B, C.  

	Step
	P-MPR of UE with BPS
(Device C)
	P-MPR of UE with other non-UL gap dependent sensor (Device B)
	P-MPR of UE without BPS or other sensors
(Device A)

	T1, gap activated, no blocking
	Low
	Low/medium
	High

	T2, gap de-activated, no blocking
	High
	Low/medium
	High





	Huawei, HiSilicon
	Generally support option 1. 
For UEs indicate not support PMPR reporting, use peak EIRP measurement. It can decouple the relation between PMPR reporting and BPS. 
For Ues indicate support PMPR reporting, directly test on PMPR.

	ZTE
	Support Option 1. Which can verify the performance gain given by BPS method required gap, not by other BPS method not required gap.

	Qualcomm
	There are challenges with phantom testing but the test procedure should be a combination of options. Three functionalities/performances should be tested: UE EIRP improvement and P-MPR reporting with and without gaps, UE MPE scan functionality with and without gaps, as this is the feature we are building. 

	Sony
	Based on P-MPR reporting without phantom.

	Nokia
	We support P-MPR and peak EIRP based requirement and testing definitions but RAN4 still needs to have detailed discussion how to ensure that it can be verified that the UE actual provides the intended requirement gains without using phantom. Like discussed earlier we support a combination of option 1 and option 3 (when considering that phantom is seen too challenging to support in Rel-17) 

	DOCOMO
	Option 1 and Option2
Option 2 is more preferred, but there are testing complexity and problem of phantom. For Option 1, we need not only delta P-MPR but also absolute values of P-MPR to distinguish between UE type A and UE type B.

	vivo
	Slightly prefer option 2 but option 1 is also acceptable. The phantom/blocking is helpful to distinguish whether the gain comes from gap itself, but considering that there is no such precedent and many details are unknown, if the different UE can be distinguished by not introducing phantom, then option 1 is also acceptable

	Ericsson
	Option 1 and possibly option 3, see our answer on Issue 1-1-1

	Intel
	Based on P-MPR reporting without phantom


 
Issue 1-2-2: Feasibility to introduce phantom in FR2 test in Rel-17
	Company
	Comments

	OPPOXXX
	Introduce is doable but not reliable, thus not recommended.

	Apple 
	There are a lot of challenges to introduce phantom in FR2 test in R17. Given the current timeline, we think it is very challenging to introduce phantom test in R17 time frame. 
· Introducing phantoms into 3GPP FR2 OTA testing will require careful study and potentially a new testing methodology in the following respects:
a) Testing with Phantoms is a new paradigm in 3GPP. Even though other SDOs have some framework for sub-6GHz OTA testing with phantoms, which by itself continues to be under investigation, this is not investigated for FR2. As such, a dedicated study is required.
b) So far for sub-6GHz OTA testing, the main metrics have been TRP and TIS. While EIRP is measured in different directions to obtain TRP, the measurement of peak EIRP is not the focus and thus is not optimized. To be able to accurately measure peak EIRP, the properties of phantoms including its material, dimensions, and dielectric properties at the target FR2 operating frequencies need to be studied. For instance, the common understanding is mmWave signals do not penetrate deeply into human body, mostly likely the penetration is only a few millimeters, so the coating of phantoms will play a critical role in determining the RF property of phantoms (used to emulate human skin) such as reflection coefficients. It is worth noting that phantom packages targeting OTA testing of handheld devices inside compact antenna test ranges (CATR), at frequencies above 6 GHz, are currently under evaluation by CTIA [6]. 
c) Furthermore, the introduction of phantom will affect the testing environment, including DUT antenna radiation pattern, the required size of quiet zone, etc., which may require reconfiguration/re-design of the layout of testing chamber.
d) The blocking effect of phantoms: When a phantom is placed right in between the DUT and link antenna, it may completely block the communication link in the test. During the test, link quality should be maintained so UE can correctly decode UL DCI for PUSCH transmission, and successfully transmit PHR back to gNB.  
e) Reassessment of Measurement Uncertainty (MU): In current sub-6GHz OTA testing, even the mechanical support structure that is required to hold the DUT or head/hand phantom during a test causes interference while testing and needs to be calibrated for accounting in the tests. As a result, there will be an increase in the MU due to impact of phantoms on radiation pattern, calibration of pathloss, etc., that requires further assessment. The amount of increase in MU needs to be analyzed and in the best case can be assumed to be substantial.

· In addition, there are no other FR2 RF test requirements that have been identified to be tested with phantoms. Therefore, introduction of phantoms for a few test points involving UL-Gaps has no value-addition to the conformance ecosystem. All it would entail is complex study item(s) with very little benefit in return. The focus can instead be on identifying alternatives.


	Huawei, HiSilicon
	Phantoms introducing makes the test highly complex. With comparing on PMPR or EIRP with and without gap, it already clearly show the performance gain by BPS, thus it is not necessary to introduce additional complexity. We prefer to simplify the feature test which has benefit to NR FR2.

	Qualcomm
	Phantom indeed has challenges and lot to discuss. If phatom testing is not introduced, how will proponent test the feature for themselves? What is the purpose of this feature that is meant to enable MPE scan in 3GPP environment?

	Sony
	Multiple challenges appear if body phantom needs to be introduced, where they have been briefly listed in R4-2113661. Therefore, we think it is not feasible to introduce phantom in FR2 in Rel-17. 

	vivo
	Considering the issue listed by Apple above, the introduction of phantom does face many challenges and hard to complete in R17.

	Intel
	The complexities of introducing phantom testing merit a detailed study with RAN5 involvement. At this stage, completing the study within Rel-17 timeframe is not feasible.



Issue 1-3-1: “Default/baseline” P-MPR that can be expected in regular operation in field?
	Company
	Comments

	OPPOXXX
	This is UE implementation specific issue, in our view, no default/baseline value.

	Apple 
	Default/baseline is not easy to be quantified. In general P-MPR is jointly determined by peak EIRP, which varies depending on the distance between UE and BS, UL duty cycle and the waveform, etc. Meanwhile, UE’s implementation may also play a role here. In general, with a pre-determined side conditions as aforementioned, P-MPR can be roughly estimated.  

	Qualcomm
	Default is zero. P-MPR is used if needed

	Sony
	A typical 3-4 dB P-MPR value is estimated in our simulation with a 100% duty cycle with 26 dBm peak EIRP UE with CW.

	DOCOMO
	If it is possible, we would like to quantify the baseline to evaluate the UE performance.

	vivo
	It depends on the UE implementation.



Issue 1-3-2: Is the periodicity of PHR/P-MPR reports are sufficient to provide valid feedback for BPS calibration gaps?
	Company
	Comments

	XXX
	

	Apple 
	We would like to know more what “sufficient” mean in this context.  
In current specification 38.331, PHR-Config, wide range of timers value can be configured. Network has sufficient flexibility to configure proper configuration. 
Phr-PeriodicTimer  ENUMERATED {sf10, sf20, sf50, sf100, sf200,sf500, sf1000, infinity}, 
phr-ProhibitTimer  ENUMERATED {sf0, sf10, sf20, sf50, sf100,sf200, sf500, sf1000}, 
phr-Tx-PowerFactorChange ENUMERATED {dB1, dB3, dB6, infinity}, 
MPE-Config-FR2-r16 ::= SEQUENCE {
mpe-ProhibitTimer-r16 ENUMERATED {sf0, sf10, sf20, sf50, sf100, sf200, sf500, sf1000},
mpe-Threshold-r16 ENUMERATED {dB3, dB6, dB9, dB12} }






CRs/TPs comments collection
For close-to-finalize Wis and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing Wis, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 1-1-1: Metric used to evaluate the performance gain when UL gap is configured
Sub-topic #1
	· Tentative agreements: Option 1: Delta P-MPR reported in existing PHR signaling (Apple, Sony, vivo, ZTE, Ericsson, Intel, DCM)
· Impacts of P-MPR report granularity should be discussed. 
· Option 2: Peak EIRP measurement (OPPO)
· Option 3: P-MPR report+peak EIRP without phantom (Nokia, Ericsson)
· Option 3a: P-MPR report+peak EIRP (Qualcomm)

Candidate options:
Recommendations for 2nd round:
· Option 1: P-MPR report
· Impacts of P-MPR report granularity should be discussed. 
· Option 3: P-MPR report+peak EIRP without phantom


	Issue 1-1-2: Performance gain

	· Option  1: 6dB for peak EIRP (Qualcomm, Ericsson)
· Option  2: depending on the “typical” value of in field, where “typical” value is TBD for peak EIRP (Sony, Ericsson)
· Option 3: to be further discussed, e.g. 1dB or 2dB for peak EIRP (OPPO)
· Opiton 4: different P-MPR reported value for P-MPR reporting (apple, DCM, vivo)
· Option 5: Peak EIRP option 1: with at least 6 dB improvement and P-MPR report option x: with at least 6 dB improvement (nokia)
Recommendations for 2nd round:
Depending on the agreements in issue 1-1-1,
· Option 1: If “P-MPR report” is agreed, X dB P-MPR enhancement should be achieved.
· X is defined as the relative gain of the reported P-MPR between with and without UL gap activated,  which can be chosen as one of the options below
· 6dB
· A value between 6dB and 3dB, which is typical in the field
· A value below 3dB
· FFS on the impact of P-MPR report granularity
· FFS on the implementation margin
· Option 2: If “P-MPR report+peak EIRP without phantom” is agreed, X dB EIRP gain and P-MPR<YdB should be achieved.
· X is defined as the relative gain of peak EIRP between with  and without UL gap activated, which can be chosen as one of the options below
· 6dB
· A value between 6dB and 3dB, which is typical in the field
· A value below 3dB
· Y is defined as the maximum reported PMPR when UL gap is activated
· A value below 3dB
· 0dB
· FFS on the implementation margin


	Issue 1-2-1: Test methodology

	· Option 1: Based on P-MPR reporting without phantom to distinguish UE type A, B and C.(apple, Huawei, ZTE, Sony, DCM, vivo, Ericsson, Intel)
· Option 2: Based on P-MPR reporting with phantom to distinguish UE type A, B, C and/or D (DCM, vivo)
· Option 3: Based on peak EIRP reporting without phantom (OPPO, Ericsson)
· Option 4: Based on hybrid of peak EIRP reporting and P-MPR reporting with phantom (Qualcomm)
· Option 5: Based on P-MPR reporting without phantom, but with RADAR jamming
· Option 6: Leave the test method design to RAN5 (OPPO)
· Option 7: combination of option 1 and 3
Recommendations for 2nd round:
· Depending on the decision on issue 1-1-1, test method can be further decided.

	Issue 1-2-2: Feasibility to introduce phantom in FR2 test in Rel-17

	· No phantom is introduced (OPPO,  apple, Huawei, sony, vivo, intel, )
· Phantom should be introduced (qualcomm)

Recommendations for 2nd round:
· Recommended agreement: No phantom is introduced in R17


	Issue 1-3-1: “Default/baseline” P-MPR that can be expected in regular operation in field?

	· UE implementation specific (OPPO, apple, vivo)
· 3-4dB with 100% duty cycle and 26dBm peak EIRP (Sony)
· Default is zero (Qualcomm)
Recommendations for 2nd round:
Merge this discussion with issue 1-1-2

	Issue 1-3-2: Is the periodicity of PHR/P-MPR reports are sufficient to provide valid feedback for BPS calibration gaps?

	· No sufficient inputs 




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)


Topic #2: UL gap for coherence calibration
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2112808
	Nokia
	Observation 1: The test needs to ensure that UL gaps are used for body proximity sensing and P-MPR improvement with MPE events.
Proposal 1: Support Option 1 with blocking as first priority if further discussion on the type of material that would trigger only radar is conclusive.
Proposal 2: Do not support Option 2. EIRP is not a reliable metric and P-MPR report is sufficient.
Proposal 3: Support Option 3with further discussion on jamming possibility as second priority, if consensus cannot be found regarding option 2.
Proposal 4: 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 5: Further discussion how to define UE core requirements in addition to the testing aspects.
Observation 3: Gains should be shown between coherent MIMO without the gaps and coherent MIMO with the gaps.


	R4-2113004
	vivo
	Observation 1: The UL gap may help UE to enable higher capability but current coherent MIMO capability structure cannot indicate the change clearly.
Observation 2: The calibration of coherent MIMO is related to signal itself to ensure that the amplitude and phase error of the port meets the requirements.
Proposal 1: The performance gain of coherent MIMO calibration can be shown by the side condition in current spec will be removed if the UL gap is configured. 
Proposal 2: New UE capability for coherent MIMO with UL gap should be introduced, e.g., pusch-TransCoherenceWithULgap {partialCoherent, fullCoherent}, to clarify the capability improvement of the calibration by UL gap. 
Proposal 3: It is suggested that the chip vendor confirm whether the coherent MIMO calibration can always be performed in the baseband at the same time as the PUSCH transmission, to confirm whether the UL gap is needed.
Proposal 4: If the gap is needed, type 2 gap should be used for coherent MIMO calibration.



	R4-2113212
	ZTE
	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. 


	R4-2113662
	Ericsson, Sony
	Observation 1: RAN4 shall follow the directive from the meeting report from RAN4#98-bis “RAN4 will not define any requirements until the corresponding testing methodology for the performance enhancement is clear”
Observation 2: No “normal” gaps are needed to be pre-configured over RRC.
Observation 3: The details of the UL calibration is not fully described, e.g. number of slots used by the UE.
Observation 4: It’s indicated in [2] that there is no impact on performance loss caused by the calibration in UL. However, given observation 2 above, we believe that it’s too early to state no performance impact.
Observation 5: There is no gain in performance using the calibration in comparison with legacy coherent UL MIMO.
Proposal 1: Agree on the list of open issues.
Based on the suggested solution in [2] we list the following list of open issues:
1. The usage of UL slots for UE calibration (for coherent UL MIMO) must be synchronized between gNB and UE. This will need RAN1 involvement if it will be done via e.g. codebook usage. Hence this has a possible impact on RAN1 specifications.
2. The details of e.g., the length (in UL slots) for a calibration must be settled/agreed between RAN4 and RAN1.
Identifying any gain of the proposed calibration method compared to legacy coherent UL MIMO requirements

	R4-2114492
	Huawei, HiSilicon
	Observation1: there is no RF requirements for coherent UL MIMO under multiple conditions, including DRX on, BWP switching, SRS switching, DL measurement gap, etc.
Proposal 1: UE requirement improvement by using coherence calibration gap can go with one of following options:
•	Option 1: Specify 40 degree relative phase difference and 4dB power difference for side conditions including DRX on, BWP switching, SRS switching, DL measurement gap, etc.
•	Option 2: Improve the relative phase difference by using the calibration gap, e.g. 30 degree, but the conditions are limited as in current TS 38.101-2, e.g. no BWP switching, no measurement gap.
Proposal 2: RAN4 confirms the work on performance gain introduced by coherence calibration gap (i.e. power and phase maintain between UE RF chains) can be concluded.
Proposal 3: RAN4 confirms the work on performance loss caused by UL gaps for coherence is concluded, there is No performance loss caused by UL gaps configured for coherence calibration.




Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: performance gain
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1-1: Performance gain and side conditions
· Nokia: The gain should be shown between coherent MIMO without the gaps and coherent MIMO with the gaps.
· vivo:
· Option 1: If the calibration with gap is introduced, the requirement for relative difference of phase/power can be reduced.
· Option 2: If the calibration with gap is introduced, the requirements remain the same, but the side condition can be removed.
· Ericsson: There is no gain in performance using the calibration in comparison with legacy coherent UL MIMO.
· Huawei: UE requirement improvement by using coherence calibration gap can go with one of following options:
· Option 1: Specify 40 degree relative phase difference and 4dB power difference for side conditions including DRX on, BWP switching, SRS switching, DL measurement gap, etc.
· Option 2: Improve the relative phase difference by using the calibration gap, e.g. 30 degree, but the conditions are limited as in current TS 38.101-2, e.g. no BWP switching, no measurement gap.
· Secondly, we consider whether 40 degree and 4dB requirement need to enhance further, which requires for simulation to prove there is corresponding performance improvement. We provide the simulation results here:
· [image: Chart, line chart
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· Fig 2 performance gain by reaching 20 phase error and 40 degree phase error
· It is observed there is about 8% mean TP gain and max TP gain when compared between 20 degree and 40 degree phase error. With calibration gap, we can expect UE improves on the relative phase difference.
Moderator notes: companies are encouraged to provide your views on performance gain with detailed technical justifications. 
Issue 2-1-2: Initial Gap examples to get the gain 
· Example 1(Huawei R4-2114492): the calibration gap could be configured at the first X symbols(X can be 2OS) of the PUSCH transmission.
[image: ]
· Example 2(Huawei R4-2114492): gap period can be also outside the PUSCH transmission, it occupies additional symbols, which is similar mechanism as gap for BPS.
[image: ]
· Others
Companies are encouraged to provide your views on the examples of gap design to get the gain, and other scheme of gap design is not precluded. 

Companies views’ collection for 1st round 
Open issues 
Sub topic 2-1: performance gain of coherent MIMO with UL gap 
	Company
	Comments

	OPPOXXX
	Issue 2-1-1: Performance gain and side conditions
Our understanding is there is gain in enabling coherent UL MIMO with UL gap configured. Currently there is no UE can support coherent UL MIMO in our knowledge. 
Issue 2-1-2: Initial Gap examples to get the gain 
Example 1 is preferred. 

	Apple
	On performance gain, we acknowledge the gain for UL coherent MIMO due to calibration gap. We see both options proposed by vivo and Huawei can be considered for requirement improvement.    

	Huawei, HiSilicon
	Issue 2-1-1: Performance gain and side conditions
Firstly, in our understanding, removing the side conditions in the requirement, can clearly show the requirement improvement. we provide the comparing table before and after gap config:
	Gap config
	Side conditions defined in Rel-15/16/17 spec for coherent UL MIMO 
	Relative phase error
	Power imbalance

	No
	side conditions happen(e.g. switching happens)
	>40 degree
	>4dB

	Yes
	side conditions happen(e.g. switching happens)
	<=40 degree
	<=4dB


Furthermore, we found from simulation if we further decrease the relative phase error, e.g. 30 degree, we can see UL performance gain compared with 40degree, while power imbalance improvement has limited help on furtther UL performance gain. So there is an enhanced way to show the gain introduced by gap:
	Gap config
	Side conditions defined in Rel-15/16/17 spec for coherent UL MIMO 
	Relative phase error
	Power imbalance

	No
	side conditions happen(e.g. switching happens)
	>40 degree
	>4dB

	Yes
	side conditions happen(e.g. switching happens)
	<=30 degree
	<=4dB


We believe with either way provided above, it can prove requirement improvement.

Issue 2-1-2: Initial Gap examples to get the gain 
We would like to further explain on the examples provided here:
Example 1 actually requires for real time phase error detection, and compensation. The problem is, if we use the DMRS configured in following symbols, the gap symbols has risk on channel estimation. But we still can configure DMRS to gap symbols to ensure gap symbol performance. The benefit is, it will not occupy additional gap that configured to other users. However it requires for specific DMRS configuration. 
Example 2 requires for additional gap outside transmission. If side conditions happens between last transmitted SRS and PUSCH transmission, UE can use this gap to calculation and compensate the phase difference between SRS and PUSCH. 
We are open to discuss on other better solutions.

	ZTE
	[bookmark: OLE_LINK171][bookmark: OLE_LINK172][bookmark: OLE_LINK173]For Example 1, In fact, the UL data transmitted in the first two symbols may not be correctly decoded due to the inter-layer interference, after all UE is still doing coherent calibration during the two symbols. So which may affect the BLER of the entire PUSCH. Therefore, evaluation verification is needed.

	Sony
	In Example 1 of calibration gap configuration, it seems there is no “gap” actually required. The main spec impact is the DMRS configuration which in our view is mainly a RAN1 issue. 

	[bookmark: _Hlk80370488]Nokia
	It is still unclear for the proposed alternatives (based on the contribution) how it is ensured that when UE uses UL gaps, the UE achieves better throughput in the requirements. For instance in Huawei’s option 1 (Specify 40 degree relative phase difference and 4dB power difference for side conditions including DRX on, BWP switching, SRS switching, DL measurement gap, etc) is the intention to define requirements such that for UE using UL gaps the throughput requirements are improved? Based on the Huawei comments above it would seem that no large throughput improvement is ensured or proposed with UL gaps. In such case UL gaps for this use case do not seem to be justified.

	vivo
	Issue 2-1-1: Performance gain and side conditions
Both option 1 and option 2 that we proposed are acceptable. If the option 1 is chosen, we should further discuss how much improvement of the amplitude/phase difference is reasonable, and the original test process can be reused; if the option 2 is chosen, only the new test for side conditions should be introduced. From the perspective of expanding the applicability of coherent MIMO, we slightly prefer option 2.
In addition, if the gap can help the UE achieve higher capability (e.g., non-coherent => partial coherent, partial coherent => full coherent), in our understanding, this can also be seen as a “gain”.
Issue 2-1-2: Initial Gap examples to get the gain
Example 1 is preferred. Considering the coherent MIMO need to calibrate the phase/amplitude, Using the “silent” gap (example 2) may means additional inner feedback is required, and it is not expected due to the higher complexity.

	Ericsson
	Issue 2-1-2: Initial Gap examples to get the gain
For the two Examples provided it’s not clear how this would work. 
Example 1: Is there actually any GAP needed if UE shall send PUSCH in those red slots? Seems more like a DMRS config sync between UE and gNB (issue totally up to RAN1 of that’s the case). Will not the PUSCH be affected during those gaps as indicated by ZTE
Example 2: Outside the PUSCH so this is a gap, Should the UE send some training sequence used for calibration on during the gap?

The NW impact might be less for example1.

	Qualcomm
	[bookmark: OLE_LINK169]To reflect Nokia comment, even the UE behavior is understood in principle, the benefit of this improvement is not clear. Say UE without this capability would lose the coherence under one of the side conditions, so how often the side condition occurs? And if side condition is waived, how much benefit there is. 
[bookmark: OLE_LINK170]However, same could be said for the MPE based UL Gap, the benefit between the implementation that meets conformance with zero P-MPR and the one that needs gaps in the environment where human is blocking the antenna with some probability is not so clear, So if these gaps are defined, they are equally beneficial so maybe this gap to waive coherence side conditions is equally good. 
Question: Are all side conditions waived with the gap? 


 
CRs/TPs comments collection
Major close to finalize Wis and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going Wis, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 2-1-1: Performance gain and side conditions
Issue 2-1-2: Initial Gap examples to get the gain 

Sub-topic#1
	Tentative agreements:
· Candidate options:The gain of UL MIMO with UL gap configured has been demonstrated (OPPO, apple, Huawei, vivo,)
· Further evaluation is needed (ZTE, Ericsson,)
· No gain of UL MIMO with UL gap configured has been demonstrated (Sony, Nokia,)
Recommendations for 2nd round:
· It is recommended to focus on the following questions raised in round 1
· Is the metric of performance gain the throughput? If so, what’s the expected throughtput gain?
· Is the metric of performance gain the coherent UL MIMO requirement by removing side conditions? If so, are all side conditions removed from coherent requirement with the gap?
· To enable the metric of performance gain:
· In example 1, is gap needed if UE is expected to send PUSCH in the red slots? Is there any solution on channel estimation on gap symbols?
·  In example 2, should UE send training sequence during the gap? If no, what is the UE behavior during the gap?
· 




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.


Topic #3: RRM requirements of UL gap for BPS 
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2112089
	Apple
	Proposal 1: Gap configuration should be flexible to support different BPS implementations. 
Proposal 2: UE report the supported UL gap configuration through UE capability report. 
Proposal 3: Consider maximum of 6.25% UL gap overhead. 
Proposal 4: UL gap location is determined by UL gap configuration and tdd-UL-DL-ConfiguraitonCommon and tdd-UL-DL-ConfigurationDedicated.    
Proposal 5: UE is not expected to transmit periodic/semi-persist/dynamic scheduled UL transmission in the UL gap slots when UL gap is activated.   
Proposal 6: Enable implicit activation based on P-MPR value in PHR. 
Proposal 7: Enable implicit de-activation based on UE de-activation request.  

	R4-2112635
	NTT COCOMO
	Observation 3: There are no concerns about the configured UL gaps are activated/deactivated via MAC CE and/or DCI. Considering that UL gaps are dynamically activated/deactivated, DCI is appropriate in terms of immediacy.


	R4-2112705
	Qualcomm
	· UL gap configuration and Capability
Proposal 1: UL gap configuration details shall be discussed in RF session and the signalling details, e.g. explicit vs. implicit configuration, dynamic (de)activation, should be left to RAN2 and RAN1.
Proposal 2: UE capability and fallback behaviorehaviour, if needed, shall be discussed/determined in RF session.

· Interruption requirements
Proposal 3: After the detailed UL gap configuration including UL gap type, e.g. type 1 and 2, is determined in RF session, RRM session starts discussion on UL interruption requirements, exception rules, etc.


	R4-2114016
	Nokia, Nokia Shanghai Bell
	Observation 1: A UE supporting UL gaps would need to meet the current requirements without UL gaps when not configured with UL gaps.
Observation 2: The network decide if and when UL gaps are provided (agreement). 
Proposal 1: UE to report capability on the support of UL gaps.
Proposal 2: RAN4 would need to define limited a number of UL gap patterns.
Proposal 3: RAN4 will need to define one or more mandatory UL gap patterns.
Proposal 4: RAN4 will not define any optional UL gap patterns. All defined UL gap patterns will be mandatory.
Observation 3. Request for activation of UL gaps could either be explicit or implicit through P-MPR reporting
Observation 4: The network may activate UL gap pattern to match the actual needs of a particular UE instead.
Proposal 5: RAN4 to identify which UGLs are needed.
Proposal 6: RAN4 to identify which uplink gap periodicities (UGRP) would be needed.
Observation 5: If the UE provides an indication to the network of potential MPE issues (e.g. based on its EIRP level and/or P-MPR), the network could better determine and activate suitable UL gap periodicity or no UL gaps. 
These observations and proposals should be taken into considerations when further discussing UE requirements and UL gaps. 

	
	
	



Open issues summary
In RAN4 #99-e, a WF [2] on introduction of UL gaps for proximity sensing was agreed, with the following conclusions and FFS for the RRM aspects:
	· Agreements: The baseline assumption for UL gap related configurations:
· UL gap is configured by NW via RRC signaling. Once UL gap is configured, it can be additionally activated or deactivated.
· It is up to network decision on whether to configure UL gap or not.
· It is FFS that the configured UL gap(s) can be activated/deactivated via MAC CE and/or DCI
· Gap configuration candidates:
· Candidates for gap periodicity: 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms 
· Candidates for gap duration: 62.5us, 125us, 250us, 500us, 1000us, 
· Implicit activation to minimizing signaling, e.g., depending on PHR report.


Issue 3-1: Gap configurations
· Gap configuration candidates identified in RAN4#99-e:
· Candidates for gap periodicity: 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms 
· Candidates for gap duration: 62.5us, 125us, 250us, 500us, 1000us, 
Moderator note: to limit the overall number of gap configurations, companies are encouraged to provide up to two interested gap configurations, including the gap duration and periodicity. 

Sub-topic 3-2: Mechanism for UL gap configuration, activation and deactivation.
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 3-2-1: On UL gap activation
· Option 1: implicitly activated by P-MPR reporting from UE. The activation criteria is determined and signaled by the NW
· Option 2:  explicitly activated by NW
· Option 3: Support both. When network does not configure implicit activation, explicit activation is used by default. 

Issue 3-2-2: On UL gap deactivation
· Option 1: implicitly deactivated by [TBD] reporting from UE. The deactivation criteria is determined and signaled by the NW
· Option 2:  explicitly deactivated by NW
· Option 3: Support both. When network does not configure implicit de-activation, explicit de-activation is used by default. 

Issue 3-2-3: In case of explicit activation/deactivation, UL gap should be activated and deactivated by
· Option 1: MAC CE
· Option 2:  DCI

Companies views’ collection for 1st round 
Open issues 
Issue 3-1 Gap configurations
Moderator note: to limit the overall gap configurations, companies are encouraged to provide up to two interested gap configuration, , including the gap duration and periodicity.

	Company
	Comments

	Apple
	20ms periodicity with gap length of 1000us (8 slots in 120KHz SCS)
· 20ms periodicity with gap length of 1250us (10 slots in 120KHz SCS)

	Huawei, HiSilicon
	Firstly, we think different gap duration can reach different resolution on BPS. Each one has its benefit. Our most preference is, 500us and 1000us. 
For gap periodicity, 20ms and 40ms would be more reasonable.
We also support to define gap duration as UE capability. 

	Qualcomm
	The moderator’s suggestion already implies “the number of UL gap patterns should be limited” and further says “up to two”. Although we don’t disagree that the number of UL gap patterns shouldn’t be more than necessary, we do not fully understand why it has to be limited to “two”. Besides, if this is motivated by the following argument provided in R4-2114016, please the author or anyone help us understand why any actual system gain is not expected in theory.
· “Defining UL GPs which are optional may in fact only lead to increased overall complexity without providing any actual system gain in real field deployments.”

One thing that may need to be clarified regarding UL gap length is,
· Is the gap length dependent on the number of valid UL slots?
For example, the number of UL slots that are actually available to the UE within the gap length can be different depending on UL-DL pattern, other dynamic parameters, etc. 
With the question, what we ultimately want to know is whether UE and NW can expect the same performance gain out of the same gap length at a given periodicity.

Last but not least, we are not sure if RRM session/section is the right place to determine which gap patterns are better than the others in terms of performance gain, system impact, etc. In our understanding, the motivation and use case for UL gap are different from DL gap in a sense that the benefit and expected gain of each pattern can’t be justified by RRM aspect. It would be the right procedure that RF group first identifies patters that should be prioritized and then RRM group can investigate whether the identified patterns will have too much impact to RRM requirements to be considered.

If we had to pick a few couple of gap configurations, we would select the following:
· gap periodicity: 5ms, 10ms, 20ms
gap duration: 125us (1 slot in 120KHz SCS)

	Sony
	In general, we think the user body detection and P-MPR adjustment is not a fast-changing procedure in real life. Therefore, we think a fairly large periodicity, e.g., 160 ms or 320 ms is sufficient for the BPS use case. However, if smaller periodicity would be needed, clear motivation should be provided.
On the other hand, the duration of the gap may depend on the sensor capability, which proponent companies need to show a feasible duration time for the device to perform the sensing accurately.

	Nokia
	We agree with the moderator note. RAN4 should try to limit the number of different UL gap configuration options aiming at perhaps a couple of MGPs as also proposed by Apple.
As discussed in our paper, in order to define the MGPs such that they also reflect the MGPs which would likely be able to provide best gain performance overall, RAN4 will need to have more stable input on needed measurement gap length and the repetition period. UE RF requirements like gains obtained with UL gaps need to justify needed gap periodicity and length. Thus, UE RF requirements need to progress first.
Hence, we support only defining a limited number of MGPs. But RAN4 still need to evaluate and down select among the listed options in order to decide which gap lengths and repetition periods options.

	Vivo
	For the gap periodicity, share views similar to Sony and we prefer 160ms or 320 ms. The gap duration is related to the sensor capability and it seems that the choice between different companies is very different (1 slot / 10 slot), can companies provide more technical justifications?

	Ericsson
	One general comment on RRM (Similar to Qualcomm statement above). We believe that these gaps do not need to be handled as RRM “defined” since no RRM requirements are defined. The gaps definitions should be part of RF. This is also reflected during the meeting since the RRM “related” papers are handled in the RF thread during meeting time. 
We share the input from Sony, Vivo and Nokia. I.e. prefer fairly large periodicity 160ms and/or 320ms and also to limit number of UL GAP and justification of needed GAP period/length.
One question is e.g. Rx switching included within the defined gap length?

	Intel
	We agree with the comment from Sony. Further justification on small periodicities is required for BPS use case. Large periodicities (160ms and 320ms) are ok for us. 
As mentioned by other companies, the Gap duration may depend on the sensor capability. More inputs are needed from the proponents of some certain value. 
We are wondering if this gap will also be applicable to FR2-2. Should we consider 480kHz and 960kHz SCS? If no more than 120kHz is considered, then we prefer not to have Gap duration in the fraction of slot and propose to exclude 62.5us from the list.


 
Issue 3-2-1: On UL gap activation
· Option 1: implicitly activated by P-MPR reporting from UE. The activation criteria is determined and signaled by the NW
· Option 2:  explicitly activated by NW
	Company
	Comments

	Apple 
	Both option 1 and option 2 can be supported to balance control overhead and network control. 
Implicit activation can be supported only when configured by NW. Otherwise, explicit activation is used.  

	Huawei, HiSilicon
	Option 2. We would like the UE not supporting PMPR can also use this BPS feature.

	ZTE
	Support Option 2. Which is more straightforward and can be better controlled by NW.

	Qualcomm
	In principle, by-default option should be always “explicit” manner. And the right question to the group should be “whether implicit manner is necessary on top of explicit one”.
For Option 1, we are not yet convinced if the ‘overhead’ is so large that it can be justified. And it should be also noted that ‘implicit activation’ doesn’t necessarily mean ‘no’ signaling overhead.

	Sony
	Option 2. 

	Nokia
	We should not rule the option that the UL MGP is configured and activated using RRC signaling without additional lower layer activation/deactivation signaling. 
We do not necessarily see the two options being exclusive at this moment but at least Option 2 needs to be supported.

	DOCOMO
	We prefer Option 2.

	Vivo
	Both implicit and explicit activation can be supported. The implicit method can reduce the overhead, but the UE reporting P-MPR does not always mean requesting gap, so explicit method is also required.

	Ericsson
	Option 2 but (as stated by Nokia) we should not prevent direct “activation” via RRC (i.e. configuration and activation) without lower layer signaling.

	Intel
	Support Option 2



Issue 3-2-2: On UL gap deactivation
· Option 1: implicitly deactivated by [TBD] reporting from UE. The deactivation criteria is determined and signaled by the NW
· Option 2:  explicitly deactivated by NW
	Company
	Comments

	Apple 
	Both option 1 and option 2 can be supported to balance control overhead and network control. 
Implicit de-activation can be supported only when configured by NW. Otherwise, explicit de-activation is used.  

	Huawei, HiSilicon
	Option 2. 

	ZTE
	Option 2. We think no matter activate or deactivate an UL gap, which will not be too frequent, so using the explicitly indication by NW is suitable and reliable.

	Qualcomm
	The same comment as Issue 3-2-1.

	Sony
	Option 2. 

	Nokia
	Our view here is similar to Issue 3.2.1

	DOCOMO
	We prefer Option 2.

	vivo
	Both deactivation method can be supported.

	Ericsson
	Similar to Issue 3-2-1

	Intel
	Support Option 2



Issue 3-2-32: In case of explicit activation/deactivation, UL gap should be activated and deactivated by
· Option 1: MAC CE
· Option 2:  DCI
	Company
	Comments

	Apple 
	MAC CE can be used. The 3ms MAC CE processing is acceptable for activation/de-activation delay. MAC CE are explicitly acknowledged, reduce the potential misalignment between UE and network comparing to DCI based approach. Also it saved potential additional DCI bits. 

	Huawei, HiSilicon
	Option 1.

	ZTE
	Option 1 is enough.

	Qualcomm
	When MAC and DCI are considered for explicit activation/deactivation signaling, traditionally the first option should always be MAC, and whether DCI based solution is needed or not is something debatable even when there is a technical justification. In this case, however, we do not even see any technical justification in terms of, e.g. tolerance towards (de)activation latency, yet. Therefore, it is premature to consider Option 2 at this point in time.

	Sony
	Option 1. MAC CE seems sufficient for this case. P-MPR reporting is also on the MAC layer, where we have considered it is fast enough to indicate the EMF exposure event.

	Nokia
	Our view here is that we should at least also consider the simplest approach of using RRC signaling to configure and de-configure the UL gaps. We are aware of the WI on MG enhancements but currently we think UL gaps are a bit orthogonal to that WI. We can discuss further the need for additional lower layer activation and deactivation mechanisms. As said RRC and MAC/DCI options – we do not see this as being exclusive but we should consider also RRC.

	DOCOMO
	We thought DCI is preferred in terms of immediacy, but either is OK if 3ms is acceptable.

	Vivo
	MAC CE is enough.

	Ericsson
	MAC CE if handled by lower layes but also possible via RRC at configuration.

	Intel
	Support Option 1



CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 3-1: Gap configurations
Sub-topic#1
	Tentative agreements:
Candidate options:Candidate gap configurations
· UL gap length (UGL): 0.5ms, UL gap repetition periodicity (UGRP): 20ms (Huawei)
· UGL: 1ms, UGRP:20ms (Huawei, apple)
· UGL: 1.25ms, UGRP: 20ms (apple)
· UGL: 0.5ms, UGRP:40ms (Huawei)
· UGL: 1ms, UGRP:40ms (Huawei)
· UGL: 0.125ms, UGRP:5ms (Qualcomm)
· UGL: 0.125ms, UGRP:10ms (Qualcomm)
· UGL: 0.125ms, UGRP:20ms (Qualcomm)
· UGRP: 160ms (Sony, vivo, Ericsson, intel)
· UGRP: 320ms (Sony, vivo, Ericsson, intel)
Recommendations for 2nd round:
· Further discuss in the 2nd round 


	Issue 3-2-1: On UL gap activation

	· Option 1: implicitly activated by P-MPR reporting from UE. The activation criteria is determined and signaled by the NW (apple)
· Option 2:  explicitly activated by NW (apple, Huawei, ZTE, qualcomm, sony, nokia, DCM, vivo, Ericsson, intel)

Recommendations for 2nd round:
· Recommended agreements: UL gap should be explicitly activated by NW via signaling
· How can UE indicate the NW UL gap activation is needed?
· Option 1: UE explicitly indicates to NW by signaling
· Option 2: Network decision based on P-MPR reporting. This requires P-MPR reporting mandatory for UE supporting UL gap. 
· 


	Issue 3-2-2: On UL gap deactivation
	· Option 1: implicitly deactivated by [TBD] reporting from UE. The deactivation criteria is determined and signaled by the NW (apple)
· Option 2:  explicitly deactivated by NW (apple, Huawei, ZTE, qualcomm, sony, nokia, DCM, vivo, Ericsson, intel)
Recommendations for 2nd round:
· Recommended agreements: UL gap should be explicitly deactivated by NW via signaling
· How can UE indicate the NW UL gap deactivation is needed?
· Option 1: UE explicitly indicates to NW by signaling
· Option 2: Network decision based on existing report such as L3-RSRP, BSR etc.  

	Issue 3-2-3: In case of explicit activation/deactivation, UL gap should be activated and deactivated by

	· Option 1: MAC CE (apple, Huawei, ZTE, Qualcomm, sony, DCM, vivo, Ericsson, Intel )
· Option 2:  DCI (DCM)
· Option 3: RRC (nokia, Ericsson)
Recommendations for 2nd round:
Recommended agreements: UL gap should be explicitly activated and deactivated by MAC CE

· Moderator note: depending on the progress of issue 3-2-1, 3-2-2 and 3-2-3, we can inform RAN2 by sending LS. In LS, the RRC configuration and UL gap activation and deactivation related agreement in RAN4#99e should be included too.





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.


Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on UL gap for BPSn …
	YYYApple
	

	LS on UL gap in FR2 RF enhancementn …
	AppleZZZ
	To: RAN_2X; Cc: RAN_Y

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-210xxxx
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-210xxxx
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
Annex 
Contact information
	Company
	Name
	Email address

	Sony
	Kun Zhao
	kun.1.zhao@sony.com

	DOCOMO
	Ryu Kitagawa
	ryuu.kitagawa.pn@nttdocomo.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
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Reported value

Measured quantity value

Unit
P-MPR_00 3<PMP-R<6 dB
P-MPR_01 6<PMP-R<9 dB
P-MPR_02 9<PMP-R<12 dB
P-MPR_03 PMP-R > 12 dB
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