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Introduction
The scope of Phase 1 and 2 in WID are specified as follow
· UL gaps for self-calibration and monitoring. [RAN4 RF/RRM, RAN2] Study and, if feasible, introduce UE specific and NW configured gap for general self-calibration and monitoring purposes including
· PA efficiency and power consumption
· Transceiver calibration due to temperature variation 
· UE Tx power management
· Others self-calibration and monitoring are not precluded
· Phase 1: Study and clearly identify the performance gain over the current baseline (Rel.16 requirements) Study of RF performance evaluation/testability related to UE self-calibration and monitoring. Study network impact of UE emissions during UL gap, if any.
· Phase 2: Specify the UL gap configuration(s), related UE capability and interruptions, if needed, based on the identified performance gain in Phase 1 and UE fall back behaviour i.e. if gaps are not available for UE requesting gaps.

In RAN4#99e, a WF on UL gap (R4-2105394) has been agreed that 
· Tx power management
· 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 
· Coherent UL MIMO
· Further study in phase I is needed to focus on: 
· Target is to improve current UE RF requirements. Performance evaluation should focus on the testable improvements with and without gap (R16 baseline). 
· R16 baseline should be the performance requirements defined in current spec, and the assumption behind is that UE has no UL gap for calibration.
· Performance metrics to be clearly identified
· The gain needs to be obtained in UE requirements
· NW and system impacts related evaluation include the impact of scheduling restriction, UL overhead (e.g. gap length, periodicity) and the potential UL interference when calibration is performing. 
· How the UE will use UL gap to achieve the gain. 

Topic #1: General issues of UL gap in Study Phase 
Companies’ contributions summary
	T-doc number
	Titile
	Company
	Proposals / Observations

	R4-2111151
	Further consideration on UL calibration gaps
	Ericsson
	Proposal 3: Limit the scope by deprioritizing gaps for PA calibration 
Proposal 4: Limit the scope by deprioritizing gaps for TRx calibration 


	
	
	
	



Observation summary based on the contributions
Issue 1-1: Revise WID scope by deprioritizing gaps for PA calibration 
· Ericsson, Sony: Yes
· Nokia: 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.
Issue 1-2: Revise WID scope by deprioritizing gaps for TRX calibration 
· Option 1 (Ericsson, Sony): Yes
· Nokia: 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.
· 

Open issues summary for the 1st round
Issue 1-1: Revise WID scope by deprioritizing gaps for PA calibration 
· Option 1: Yes
· Option 2: No
	Company
	Comments

	Nokia
	Option 1: Yes
The achieved gain needs to be sufficient in order to justify the introduction of UL gaps for PA/TRx calibration. Else, we support removal of this use case.

	Sony
	Yes

	Ericsson
	Option 1: Yes

	Huawei, HiSilicon
	Option 1

	[bookmark: OLE_LINK1]ZTE
	Support Option 1.

	Samsung
	Option 1

	vivo
	Option 1, the PA calibration have been discussed in R15.



Issue 1-2: Revise WID scope by deprioritizing gaps for TRX calibration 
· Option 1: Yes
· Option 2: No
	Company
	Comments

	Nokia
	Option 1: Yes
The achieved gain needs to be sufficient in order to justify the introduction of UL gaps for PA/TRx calibration. Else, we support removal of this use case.

	Sony
	Yes

	Ericsson
	Option 1: Yes

	Huawei, HiSilicon
	Option 2, we think Transceiver calibration has many advantages to solve problems on current NR system:
LO leakage and image requirement always increase the floor noise which always has imapct on other Users uplink performance. RF engineers dedicated to reduce or eliminate the impact from circuit design for years. But the bottleneck is always there because of RF architecture itself. Then for NR system, UE need to signal its DC location to network, for gNB’s assistant to eliminate. However for FR2, very large signaling overhead for DC signalling because of large CC number and BWP number.
If calibration gap can be configured to the UE, such effect could be eliminated by BB calculation. We can see the possibility that UE does not need to indicate DC to the network that UE can self eliminate by the help of gap.

	ZTE
	Support Option 1.

	Samsung
	Option 1 

	vivo
	Option 1.



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 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	
	Status summary 

	Issue 1-1: Revise WID scope by deprioritizing gaps for PA calibration 

	Option 1: Yes (Nokia, Sony, Ericsson, Huawei, Hisilicon, ZTE, Samsung, vivo)
Option 2: No

Recommended agreements:
Subject to RAN plenary decision, RAN4 agrees to revise WID scope by deprioritizing gaps for PA calibration

	Issue 1-2: Revise WID scope by deprioritizing gaps for TRX calibration 

	Option 1: Yes (Nokia, Sony, Ericsson, ZTE, Samsung, vivo)
Option 2: No (Huawei, Hisilicon)

Further discussion in the 2nd round




Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	WF on UL gap for FR2
Moderator comments: it is recommended to have one WF to cover all UL gap related aspects
	
Apple




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	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)
Issue 1-2: Revise WID scope by deprioritizing gaps for TRX calibration 

· Option 1: Yes
· Option 2: No

	Company
	Comments

	
	



Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #2: On UL gap for body proximity sensing based Tx power management: RF requirements/test/testability
Companies’ contributions summary
	T-doc number
	Titile
	Company
	Proposals / Observations

	R4-2108797
	UL Gap testability and configuration aspects
	Qualcomm
	Observation 1: To ensure by test that UE takes advantage of the gaps the way they were justified will need a MPE test setup 
Observation 2: RAN4 has no data or studies to understand how frequently a detection should be performed for reliable MPE scan   
Observation 3: MPE scan procedure is not known by RAN4 and therefore the time needed for the scan is difficult to estimate  
We then made the following proposals
Proposal 1: EIRP improvement when UL gaps are configured is 6 dB
Proposal 2: When UE declares support for UL gaps, it is mandatory to support mpe-Reporting-FR2.
Proposal 3: UL gap periodicity is no shorter than 5 msec. 
Proposal 4: UL Gap periodicity is no longer than 20 msec. 
Proposal 5: UL gap duration does not exceed 250 usec. 


	R4-2109341
	UL gaps for Tx power management RF aspect
	Apple
	Proposal 1: Enable non-zero P-MPR test with a conformance test function to enable UL gaps in the test procedure.
Proposal 2: Test cases measure delta EIRP or delta P-MPR between the cases in which UL gap is activated and deactivated.  


	R4-2109657
	Discussion on gap for PMPR calibration
	vivo
	Observation 1: Due to the need for signal emit, the PMPR calibration using proximity sensor may cause network interference.
Observation 2: The type 1 gap can be subdivided into two categories:
Type 1a: The gap is located in the UL transmission, which reduces the throughput directly.  
Type 1b: The gap is located out of the UL transmission, which reduces the scheduling opportunity. 

Observation 3: The purpose of PMPR calibration is to improve the UL power and only the calibration that occurs inside the UL transmission is useful.

Observation 4: The R16 baseline cannot show the performance gain of PMPR calibration.

Proposal 1: The UE should meet the transmit off power and SEM during the type 1 gap.     
Proposal 2: Only type 1a gap can be configured for the PMPR calibration, to reduce unnecessary overhead.
Proposal 3: The non-zero PMPR test case should be specified for PMPR calibration, and other conformance tests keep the PMPR at zero.


	R4-2109744
	Network impact of UE FR2 UL Gap for UE Tx power enhancement
	Nokia, Nokia Shanghai Bell
	Observation 1: UE needs to meet the current requirements without UL gaps so that the network can decide if and when the network can provide UL gaps. 
Observation 2: Network needs to know which UEs support UL gaps and what enhanced requirements these UEs meet when UL gaps are provided.
Observation 3: UE specific UL gaps could minimize impacts on system performance
Observation 4: The network may activate UL gap lengths and periodicity to match the actual needs of each particular UE instead of e.g. activating unnecessary UL gap length and periodicity when it is not needed by the UE.
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. 
Observation 6: Without careful considerations and design multi-panel UEs may require a larger number of UL gaps for body proximity sensing which may further negatively impact the system performance proportionally with the number of active/reported links per UE panel. 


	R4-2109745
	Requirements and test cases of for P-MPR/EIRP enhancements for UE FR2 UL Gap
	Nokia, Nokia Shanghai Bell
	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.


	R4-2110033
	FR2 UL gap for power management (P-MPR) and Tx calibration (peak EIRP)
	NTT DOCOMO INC.
	Observation 1: For the use case of power management, targeted UE is those which uses P-MPR constantly in case of no UL gap even when human hands and bodies are not close to Tx antennas but can improve P-MPR with UL gap feature by using the human detection (type B UE).
Observation 2: For the use case of power management, if we apply the test method to measure delta EIRP between the 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 (type C UE)
Proposal 1: For the use case of power management, discuss a handling of UE that does not require any UL gaps to perform the human detection (type C UE). One possible test case is to test an absolute value of P-MPR not a relative value of P-MPR such as delta EIRP.
Proposal 2: For transceiver calibration, improvement on min peak EIRP and/or MPR should be discussed as type 1 gap.
Observation 3: For type 1 gap for each use case, it is unclear whether or not NW need to avoid UL assignments to UE activating UL gap calibration, while it was agreed that type 1 gap requires no UL scheduling during the gap and NW can assign those resources to other UE for UL transmission.
Proposal 3: For type 1 gap for each use case, clarify whether or not NW need to avoid UL assignments to UE activating UL gap calibration.
Proposal 4: If any NW scheduling constraint are identified, a mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) should be introduced as a package with introduction of UL gap feature to address possible problems on NW deployment.


	R4-2110827
	R17 FR2 UL gap for power management
	OPPO
	
Observation 1:    PMPR is applied only when UE detects human body nearby, this makes phantom needs to be placed in the chamber during the conformance testing.
Observation 2:    Testing FR2 UE with phantom is new for FR2 and impacts to test uncertainty, repeatability, chamber size, etc. need to be studied.
Observation 3:    Forcing UE to apply PMPR by testing commands is different from the behavior in the field and is not recommended to be used to justify the UE performance gain.
Proposal 1:         It is proposed to study the testability issues caused by phantom if testing the gain before and after gap is configured in OTA chamber.
Proposal 2:         It is proposed not to force UE apply PMPR by testing commands due to different behavior as in the field.


	R4-2111260
	Discussion on RRM impacts of UL gaps for self-calibration and monitoring
	vivo
	Observation 1  Uplink gaps that are already defined in TS 38.133 are mainly due to the unavoidable RF processing or the necessary requirements that UE has to follow.
Observation 2  Uplink duty cycle is defined in R16 to ensure RF performance. It is captured in RF specs and RAN2 specs. 
Proposal 1  RAN4 further discuss whether uplink gaps are captured in RRM specs or in RF specs.


	R4-2111151
	Further consideration on UL calibration gaps
	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: UE vendors are encouraged to provide input of “Default/baseline” P-MPR that can be expected in regular operation in field.
Proposal 2: 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)


	
	
	
	

	
	
	
	



Observation summary based on the contributions
Issue 2-1: On test methodology for BPS/Tx power management based UL gap

· Issue 2-1-1: On the feasibility to enable non-zero P-MPR in Tx power management related UL gap testing. 
· NOTE: It is noted that the zero P-MPR assumption for the existing test cases keeps unchanged 
· Option 1: it is feasible to enable non-zero P-MPR in Tx power management related UL gap testing. 
· Option 2: it is infeasible to enable non-zero P-MPR in Tx power management related UL gap testing.
· Apple: 
· In Section 6.2.1.1.4 “Test description” [5], there is the following text for initial test setup:
· “6. Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [10] clause 4.5. Message contents are defined in clause 6.2.1.1.4.3” 
· It can be seen clearly that the conformance tests are carried out by using conformance test functions to activate generic test procedures in order to set the UE into the appropriate test mode. These test settings ensure that P-MPR=0 in the subsequent RF conformance test. There is no additional network signaling to explicitly set P-MPR=0.   
· Non-zero P-MPR can also be enabled by revising the current initial test setup, define a new conformance test function to activate “UL gap Test Mode On”. Once the UE enters the “UL gap Test Mode ON”, the UE can apply a non-zero P-MPR. It should be noted that the existing conformance tests cases can continue to use P-MPR=0 dB
· vivo:
· The non-zero PMPR test case should be specified for PMPR calibration, and other conformance tests keep the PMPR at zero.
· OPPO:
· It is proposed not to force UE apply PMPR by testing commands due to different behavior as in the field.
· Issue 2-1-2: On the test setups for BPS/Tx power management based UL gap
· Candidate Options
· Option 1: delta of measured EIRP without blocking/phantom(R4-2109341)
[image: ]

· Option 2: delta of reported P-MPR without blocking/phantom (R4-2109341)

[image: ]

· Option 3: delta of reported P-MPR with introducing blocking/phantom (R4-2109745)



· Option 4: delta of reported P-MPR with jamming radar signal but without introducing blocking/phantom (R4-2109745)


· Qualcomm: To ensure by test that UE takes advantage of the gaps the way they were justified will need a MPE test setup
· Apple: 
Measured Delta-EIRP as the metric 
The example test case using delta EIRP was proposed in [3], and list below for further study. In the test, average EIRP is separately calculated during T1 and T2 and compared. 
· During T1 time, UL gap is configured and activated. Since UE can determine there is no object proximate with UL gap, MPE is not the concern and P-MPR should be significantly reduced. This can also be achieved by the test function triggering the UE to apply a certain P-MPR value/backoff. Consequently, higher EIRP is expected. 
· In the following T2 period, UL gap is deactivated. During T2, UE cannot tell if there is proximate object without UL gap. To ensure MPE is always complied with, P-MPR should be determined based on the most conservative assumption that an object is proximate. This can be achieved by the test function triggering the UE to apply a certain P-MPR/backoff. In this case, the measured EIRP should be less than the one in T1.   
· The difference of average EIRP during T1 and T2 can be test metric. 

Reported Delta-P-MPR as the metric     
The example test case using delta P-MPR is shown in Fig.2. In the test, UE report P-MPR report separately during T1 and T2 and difference of P-MPR is compared. 
· During T1 time, UL gap is configured and activated via the conformance test function defined in 2.1 – ‘UL gap Test Mode ON’ and setting a low non-zero P-MPR. The UE follows current P-MPR reporting procedure and report P-MPR if needed. When P-MPR<3dB, based on current reporting procedure, no P-MPR reporting is expected from UE to gNB.  
· In the following T2 period, UL gap is deactivated. During T2, the UE also follow current P-MPR reporting procedure to report P-MPR if needed.  
· The difference of P-MPR reporting during T1 and T2 can be test metric.  
· Nokia:
· Option 1

· Option 2: introducing a blocking material

· Option 3: jamming the radar

· Issue 2-1-3: Should phantom or blocking be introduced in UL gap testing?

· Apple: No blocking is needed
· During T1 time, UL gap is configured and activated. Since UE can determine there is no object proximate with UL gap, MPE is not the concern and P-MPR should be significantly reduced. This can also be achieved by the test function triggering the UE to apply a certain P-MPR value/backoff. Consequently, higher EIRP is expected. 
· In the following T2 period, UL gap is deactivated. During T2, UE cannot tell if there is proximate object without UL gap. To ensure MPE is always complied with, P-MPR should be determined based on the most conservative assumption that an object is proximate. This can be achieved by the test function triggering the UE to apply a certain P-MPR/backoff. In this case, the measured EIRP should be less than the one in T1.   
· The difference of average EIRP during T1 and T2 can be test metric. 
· Nokia: 
· No blocking in Option 1 and 3
· 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.
· OPPO:
· PMPR is applied only when UE detects human body nearby, this makes phantom needs to be placed in the chamber during the conformance testing. It is proposed to study the testability issues caused by phantom if testing the gain before and after gap is configured in OTA chamber. 

Issue 2-2: On mandating P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management
· Option 1: it is mandatory of P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management
· Option 2: it is optional of P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management
· 
· Qualcomm: When UE declares support for UL gaps, it is mandatory to support mpe-Reporting-FR2.
· Nokia: 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.

Issue 2-3: On the RF requirement/testing for the UE who is configured with UL gap for BPS based Tx power
· Qualcomm: EIRP improvement when UL gaps are configured is 6 dB
· Apple: Test cases measure delta EIRP or delta P-MPR between the cases in which UL gap is activated and deactivated.  The exact EIRP gain should be depending on the test setup/configuration, including UL duty cycle, peak EIRP, etc.
· Nokia:
· 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.
· Consider an extra test to validate UEs fulfill current requirements even without UL gaps scheduled.
· Further discussion how to define UE core requirements in addition to the testing aspects.
· vivo: The UE should meet the transmit off power and SEM during the type 1 gap.     
· NTT DCM: 
· For the use case of power management, discuss a handling of UE that does not require any UL gaps to perform the human detection (type C UE). One possible test case is to test an absolute value of P-MPR not a relative value of P-MPR such as delta EIRP. 
· For type 1 gap for each use case, clarify whether or not NW need to avoid UL assignments to UE activating UL gap calibration.
· Ericsson/Sony:
· 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”
· 3-4 dB can be seen as a typical value of P-MPR (assuming a 20% uplink duty cycle).
· UE vendors are encouraged to provide input of “Default/baseline” P-MPR that can be expected in regular operation in field.

Open issues summary for the 1st round
Issue 2-1: On test methodology for BPS/Tx power management based UL gap:

· Issue 2-1-1: On the feasibility to enable non-zero P-MPR in Tx power management related UL gap testing. 
· NOTE: It is noted that the zero P-MPR assumption for the existing test cases keeps unchanged 
· Option 1: it is feasible to enable non-zero P-MPR in Tx power management related UL gap testing. 
· Option 2: it is infeasible to enable non-zero P-MPR in Tx power management related UL gap testing.
· 
	Company
	Comments

	Qualcomm
	Option 1. Is feasible. 

	Nokia
	We support Option 1 to enable non-zero P-MPR in Tx power management related UL gap testing. This should not affect the zero P-MPR assumption for the existing test cases.

	OPPO
	· Option 1 with methods like with phantom during testing.

	Sony
	Option 1. Since P-MPR = 0 is forced during the conformance test, it should be feasible to switch off this setting as well.

	Ericsson
	Option 1: It’s feasible for test cases explicitly developed for UL gap testing

	AT&T
	Option 1 is feasible and should not impact other conformance tests.

	Huawei, HiSilicon
	Option 1, it is feasible.

	Verizon
	Option 1

	ZTE
	Support Option 1. If not introducing non-zero P-MPR, we are not sure how to reflect the performance gain of UL gap in test.

	Apple
	Option 1. 
Non-zero P-MPR can be enabled by revising the current initial test setup, define a new conformance test function to activate “UL gap Test Mode On”. Once the UE enters the “UL gap Test Mode ON”, the UE can apply a non-zero P-MPR.

	Samsung
	Option 1 

	Intel
	Option 1, enabling non-zero P-MPR for UL gap testing is feasible. This should have no impact on zero P-MPR conformance testing.

	DOCOMO
	We support option 1.

	vivo
	Option 1, for this use case, the improvement of power is derived from the decrease of P-MPR, and the performance gain cannot be shown by current zero P-MPR test method.



· Issue 2-1-2: Issue 2-1-2: On the test setups for BPS/Tx power management based UL gap
· Option 1: delta of measured EIRP without blocking/phantom(R4-2109341)
· Option 2: delta of reported P-MPR without blocking/phantom (R4-2109341)
· Option 3: delta of reported P-MPR with introducing blocking/phantom (R4-2109745)
· Option 4: delta of reported P-MPR with jamming radar signal but without introducing blocking/phantom (R4-2109745)
· Others
	Company
	Comments

	Qualcomm
	It seems all those are possible and can co-exists. Option 3 provides best coverage and ensured UE operates the way it is specified but is also very complicated. 

	Nokia
	Option 1 seems to present unnecessary radiated measurements and option 2 is a simpler way to obtain the same result. Nonetheless, option 2 does not provide enough information to identify UEs using the UL gaps for a different purpose than P-MPR improvements. Therefore, we would like to discuss further option 3 and option 4, while recognizing that this will introduce complications in the test definitions.
We do not support option 1.
We support to further investigate and improve option 2, option 3 and option 4.

	OPPO
	· Option 3.

	Sony
	Introducing a standard blocking/phantom can be a complicated work and it also requires development of standard phantom in FR2 which seems out of scope of current WI. Moreover, any blocking/phantom will naturally affect the UE RF performance, so it will be hard to compare the performance with Rel-16 Ues. 
Jamming the radar signal can also be complicated to be introduced in a standard test as the radar implementation (frequency bands, waveform, power level and etc.) can be different between UE to UE, this needs a thoroughly study. 
· Therefore, we suggest focusing on option 1 or 2.  

	Ericsson
	Option 1: Measuring delta EIRP provides some insight that PMPR is not used given gaps, but still not clear what the pass/fail criteria would be. Different per tested UE? “Default” PMPR declared in advance?
Option 2: Similar as Option 1 but other criteria as stated by Nokia, has PMPR reporting enough granularity to have test verdict?
Option 3: Agree with both Qualcomm and Sony, provides closest test coverage to “real” operations but also very complicated and possibly out of WI (and 3GPP?) scope.


	AT&T
	We agree with the comments made by Qualcomm. Perhaps, RAN4 can make the decision after further investigation of the listed options.

	Verizon
	Option 2 or 3

	ZTE
	Support Option 3

	Apple
	We support option 1 or option 2. 
For option 3, introduction of phantom or blocking needs careful thought as this complicates the test setup. For example, what type of phantom or blocking material should be chosen and size of the blocking material, and its impact on FR2 measurement uncertainties and test tolerances in RAN5 tests. Introduction of blocking will also involve how to place the blocking material with respect to UE antenna panel location. This will require to disclose UE panel information, which is not required in current RAN5 test cases. We expect large RAN 5 impact to design a blocking test case. Also, introducing phantom/blocking does not seem to bring in significant extra testing information compared to option 1 and 2. 
For option 4, it is not clear how the jamming radar signal works. How the jamming radar transmitter is set up in the test environment and will it impact test environment and its associated FR2 measurement uncertainties and test tolerances? Which band the radar jamming transmitter operate? What is the transmission bandwidth? And do we need even the waveform? BPS implementation itself is out of the 3GPP scope, it is not clear how that information is obtained and used to generate jamming signaling.     

	Samsung
	To early to agree on listed options. RAN4 shall further discuss the test setup with analysis on the benefits and implications for each test option. 

	Intel
	Option 1 and Option 2 are feasible. Exact details of test procedures need to be further discussed. Option 2 is more straightforward, and thus preferred.
For Option 2, granularity needs to be discussed, and whether we will have new reporting for this use case.
Introduction of blocking/phantom or jamming radar signal will significantly complicate the test procedure. The feasibility of FR2 OTA testing under such conditions requires extensive studies and may not be completed in Rel-17.

	DOCOMO
	We have the same view as Qualcomm.

	vivo
	We prefer option 3. Considering we already have P-MPR reporting scheme, it is more straightforward to compare the change in P-MPR instead of EIRP which may be interfered by other factors. 



· [bookmark: _Hlk72413594]Issue 2-1-3: Should phantom or blocking be introduced in UL gap testing?
· Option 1: Yes
· Option 2: No or FFS


	Company
	Comments

	Qualcomm
	Option 1 yes to ensure UE uses the non-zero P-MPR under these conditions for protecting human tissue. 

	Nokia
	The phantom may be simplified for the testing purposes.
We support option 1 to investigate further phantom type, size, material and positioning to only trigger the radar type of proximity sensing.

	OPPO
	· Option 1.

	Sony
	· No, see comments to issue 2-1-2.

	Ericsson
	Option 2: FFS

	AT&T
	Option 1. Agree with the comments made by Qualcomm and Nokia.

	Huawei, HiSilicon
	Option 2, No.

	Verizon
	Optoin 1

	ZTE
	Support Option 1. If without phantom/blocking, we are not sure how to build the case that UE utilizing the UL gaps for body proximity sensing.

	Apple 
	Option 2. Refer comment above for 2-1-2. 
As commented above, introduction of phantom or blocking needs careful thought as this complicates the test setup. For example, what type of phantom or blocking material should be chosen and size of the blocking material, and its impact on FR2 measurement uncertainties and test tolerances in RAN5 tests. Introduction of blocking will also involve how to place the blocking material with respect to UE antenna panel location. This will require to disclose UE panel information, which is not required in current RAN5 test cases. We expect large RAN 5 impact to design a blocking test case.


	Samsung
	Option 2 FFS

	Intel
	As captured in our comment for Issue 2-1-2, the feasibility of testing under such conditions requires extensive studies and may not be completed in Rel-17.

	DOCOMO
	We prefer option 1.

	vivo
	Slightly prefer option 1, We think that introducing phantom may be a good way to align the “default status” of UEs, that is, the gap is not configured, but the detail needs further discussion to ensuring the performance gain comes from the gap itself rather than the capability of sensor.





Issue 2-2: On mandating P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management

· Option 1: it is mandatory of P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management
· Option 2: it is optional of P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management

	Company
	Comments

	Qualcomm
	Option 1, yes. 

	Nokia
	P-MPR reporting is necessary for the test methods discussed for UL gaps.
We support option 1: mandatory P-MPR reporting for UEs configures with UL gaps

	OPPO
	· Option 2 if testing based on the measurement of PMPR. 

	Sony
	· Option 1. This could depend on the outcome of issue 2-1-2. But in general, we think it is feasible to andate the P-MPR reporting and it should not impact too much.

	Ericsson
	Depends on outcome of 2-1-2

	Huawei, HiSilicon
	Option 2

	Verizon
	Option 1

	ZTE
	For the case once the configured UL gap activated, it is mandatory for the UE to report P-MPR, not always needed since maybe the UL gap is not activated in the case without need to improve Tx power.

	Apple
	We are OK for option 1, if reported P-MPR difference is used as test metric and core requirement.  

	Samsung
	Clarify first. For option 1,only UE with capability of gap-based Tx power management is mandate to report P-MPR instead of whether uplink gap is configured or not. If so, option 1 is aligned with previous discussion to achieve the performance gain for such uplink gap-based Tx power management. 

	Intel
	Yes, for UEs that support UL gap for Tx power management, it makes sense and is feasible to report. Details of the exact reporting need to be further discussed.

	vivo
	Agree with Ericsson, this issue related to the test method.



Issue 2-3: On the RF requirement/testing for the UE who is configured with UL gap for BPS based Tx power

	Company
	Comments

	Nokia
	o	Consider an extra test to validate UEs fulfill current requirements even without UL gaps scheduled.
o	Consider an extra test for UEs not exhibiting radar functionality for body sensing
o	Further discussion how to define UE core requirements in addition to the testing aspects.

	OPPO
	Prefer only define tests necessary to keep testing loads in a reasonable level.

	Sony
	· We think a typical commercial UE would need roughly 3-4 dB power back off under a 20% uplink duty cycle to meet incident power density requirement.

	Ericsson
	This issue is sort of twofold. 
1: New Test(s) needed to verify the performance improvement of configured/activated UL (BPS) gap. (open question is like Sony mentions above, default/used pwr back off during ordinary operation)
2: Re-used Test(s) to ensure that “legacy” behavior is not broken during the gaps, e.g. OFF power test, emission test. (Open questions are if the BPS using the same band as UE is operating in or other? Used pwr level, emission reqs fulfilled)

	Apple
	On requirement, as discussed for issue 2-2, mandating P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management seems a good direction to go.  Also, the exact EIRP gain should depend on peak EIRP and configured UL duty cycle. 

	DOCOMO
	We would like to properly evaluate UEs that achieve low P-MPR even without a UL gap.
1: Existing test to check if UE fulfills current requirements even without UL gap/PMPR.
2: New test to check P-MPR/EIRP without UL gap.
3: New test to check P-MPR/EIRP with UL gap.

	vivo
	Considering the BPS still need emit signal to target the body, the UE should meet SEM or transmit off power during the gap to avoid causing interference.





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: On the feasibility to enable non-zero P-MPR in Tx power management related UL gap testing. 

	· Option 1: it is feasible to enable non-zero P-MPR in Tx power management related UL gap testing (Qualcomm, Nokia, OPPO, Sony, Ericsson, AT&T, Huawei, Hisilicon, Verizon, ZTE, Apple, Samsung, Intel, DCM, vivo)
· Option 2: it is infeasible to enable non-zero P-MPR in Tx power management related UL gap testing.
· Recommended 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 keeps unchanged 
· 


	Issue 2-1-2: Issue 2-1-2: On the test setups for BPS/Tx power management based UL gap

	· Further discussion is needed

	Issue 2-1-3: Should phantom or blocking be introduced in UL gap testing?

	· Option 1: Yes (Qualcomm, Nokia, OPPO, AT&T, Verizon, ZTE, DCM, vivo)
· Option 2: No or FFS (Sony, Ericsson, Huawei, Hisilicon, Apple, Samsung, Intel)
· 

	Issue 2-2: On mandating P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management

	· Option 1: it is mandatory of P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management (Qualcomm, Nokia, Sony, Verizon, Apple, Samsung, Intel, )
· Option 2: it is optional of P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management (OPPO, Huawei, Hisilicon)
· Option 3: depending on the conclusion of 2-1-2 (Ericsson, vivo)

	Issue 2-3: On the RF requirement/testing for the UE who is configured with UL gap for BPS based Tx power

	· Further discussion is needed. 

	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	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 comments:the following issues can be discussed together with the WF

Issue 2-1-2: On the test setups for BPS/Tx power management based UL gap
· Option 1: keep all options open for further discussion
· Option 2: take P-MPR reporting as the baseline for test setup
· Option 3: others
	Company
	Comments

	
	



Issue 2-1-3: Should phantom or blocking be introduced in UL gap testing?
· Option 1: Subject to the confirmation of the feasibility to introduce phantom/blocking by a pre-defined deadline, phantom/blocking can be introduced in UL gap testing. Otherwise, no phantom or blocking will be considered in R17.
· Option 2: others

 
	Company
	Comments

	
	



Issue 2-2: On mandating P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management
· Option 1: the baseline assumption is UE who is configured with UL gap for BPS based Tx power management is mandated for P-MPR reporting
· Option 2: others
	Company
	Comments

	
	




Issue 2-3: On the RF requirement/testing for the UE who is configured with UL gap for BPS based Tx power

	Company
	Comments

	
	




Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #3: On UL gap for body proximity sensing based Tx power management: RRM
Companies’ contributions summary
	T-doc number
	Titile
	Company
	Proposals / Observations

	R4-2108797
	UL Gap testability and configuration aspects
	Qualcomm
	Observation 1: To ensure by test that UE takes advantage of the gaps the way they were justified will need a MPE test setup 
Observation 2: RAN4 has no data or studies to understand how frequently a detection should be performed for reliable MPE scan   
Observation 3: MPE scan procedure is not known by RAN4 and therefore the time needed for the scan is difficult to estimate  
We then made the following proposals
Proposal 1: EIRP improvement when UL gaps are configured is 6 dB
Proposal 2: When UE declares support for UL gaps, it is mandatory to support mpe-Reporting-FR2.
Proposal 3: UL gap periodicity is no shorter than 5 msec. 
Proposal 4: UL Gap periodicity is no longer than 20 msec. 
Proposal 5: UL gap duration does not exceed 250 usec. 


	R4-2109363
	UL gaps for Tx power management RRM aspect
	Apple
	Proposal 1: UL gap is network configured UE specific type 1 gap. The network configures the UL gap through UE specific RRC signaling.  
Proposal 2: UL gap for Tx power management is defined in unit of UL slot defined by 120KHz reference SCS.   
Proposal 3: UL gap configuration include gap periodicity, gap length, and offset. The potential values of the periodicity include 20ms, 40ms, 80ms and 160ms. The potential values of the length include 1 slot, 2 slots, 4 slots, 8 slots.
Proposal 4: Enable dynamic activation and de-activation of UL gap via either MAC CE or DCI. 


	R4-2109657
	Discussion on gap for PMPR calibration
	vivo
	Observation 1: Due to the need for signal emit, the PMPR calibration using proximity sensor may cause network interference.
Observation 2: The type 1 gap can be subdivided into two categories:
Type 1a: The gap is located in the UL transmission, which reduces the throughput directly.  
Type 1b: The gap is located out of the UL transmission, which reduces the scheduling opportunity. 

Observation 3: The purpose of PMPR calibration is to improve the UL power and only the calibration that occurs inside the UL transmission is useful.

Observation 4: The R16 baseline cannot show the performance gain of PMPR calibration.

Proposal 1: The UE should meet the transmit off power and SEM during the type 1 gap.     
Proposal 2: Only type 1a gap can be configured for the PMPR calibration, to reduce unnecessary overhead.
Proposal 3: The non-zero PMPR test case should be specified for PMPR calibration, and other conformance tests keep the PMPR at zero.


	R4-2109744
	Network impact of UE FR2 UL Gap for UE Tx power enhancement
	Nokia, Nokia Shanghai Bell
	Observation 1: UE needs to meet the current requirements without UL gaps so that the network can decide if and when the network can provide UL gaps. 
Observation 2: Network needs to know which UEs support UL gaps and what enhanced requirements these UEs meet when UL gaps are provided.
Observation 3: UE specific UL gaps could minimize impacts on system performance
Observation 4: The network may activate UL gap lengths and periodicity to match the actual needs of each particular UE instead of e.g. activating unnecessary UL gap length and periodicity when it is not needed by the UE.
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. 
Observation 6: Without careful considerations and design multi-panel UEs may require a larger number of UL gaps for body proximity sensing which may further negatively impact the system performance proportionally with the number of active/reported links per UE panel. 


	R4-2109745
	Requirements and test cases of for P-MPR/EIRP enhancements for UE FR2 UL Gap
	Nokia, Nokia Shanghai Bell
	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.


	R4-2110033
	FR2 UL gap for power management (P-MPR) and Tx calibration (peak EIRP)
	NTT DOCOMO INC.
	Observation 1: For the use case of power management, targeted UE is those which uses P-MPR constantly in case of no UL gap even when human hands and bodies are not close to Tx antennas but can improve P-MPR with UL gap feature by using the human detection (type B UE).
Observation 2: For the use case of power management, if we apply the test method to measure delta EIRP between the 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 (type C UE)
Proposal 1: For the use case of power management, discuss a handling of UE that does not require any UL gaps to perform the human detection (type C UE). One possible test case is to test an absolute value of P-MPR not a relative value of P-MPR such as delta EIRP.
Proposal 2: For transceiver calibration, improvement on min peak EIRP and/or MPR should be discussed as type 1 gap.
Observation 3: For type 1 gap for each use case, it is unclear whether or not NW need to avoid UL assignments to UE activating UL gap calibration, while it was agreed that type 1 gap requires no UL scheduling during the gap and NW can assign those resources to other UE for UL transmission.
Proposal 3: For type 1 gap for each use case, clarify whether or not NW need to avoid UL assignments to UE activating UL gap calibration.
Proposal 4: If any NW scheduling constraint are identified, a mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) should be introduced as a package with introduction of UL gap feature to address possible problems on NW deployment.


	R4-2110827
	R17 FR2 UL gap for power management
	OPPO
	
Observation 1:    PMPR is applied only when UE detects human body nearby, this makes phantom needs to be placed in the chamber during the conformance testing.
Observation 2:    Testing FR2 UE with phantom is new for FR2 and impacts to test uncertainty, repeatability, chamber size, etc. need to be studied.
Observation 3:    Forcing UE to apply PMPR by testing commands is different from the behavior in the field and is not recommended to be used to justify the UE performance gain.
Proposal 1:         It is proposed to study the testability issues caused by phantom if testing the gain before and after gap is configured in OTA chamber.
Proposal 2:         It is proposed not to force UE apply PMPR by testing commands due to different behavior as in the field.


	R4-2111260
	Discussion on RRM impacts of UL gaps for self-calibration and monitoring
	vivo
	Observation 1  Uplink gaps that are already defined in TS 38.133 are mainly due to the unavoidable RF processing or the necessary requirements that UE has to follow.
Observation 2  Uplink duty cycle is defined in R16 to ensure RF performance. It is captured in RF specs and RAN2 specs. 
Proposal 1  RAN4 further discuss whether uplink gaps are captured in RRM specs or in RF specs.


	R4-2111151
	Further consideration on UL calibration gaps
	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: UE vendors are encouraged to provide input of “Default/baseline” P-MPR that can be expected in regular operation in field.
Proposal 2: 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)


	
	
	
	

	
	
	
	



Observation summary based on the contributions
Issue 3-1: On the measurement gap configurations
· Qualcomm:
· UL gap periodicity is no shorter than 5 msec. 
· UL Gap periodicity is no longer than 20 msec. 
· UL gap duration does not exceed 250 usec. 
· Apple:
· UL gap configuration include gap periodicity, gap length, and offset. The potential values of the periodicity include 20ms, 40ms, 80ms and 160ms. The potential values of the length include 1 slot, 2 slots, 4 slots, 8 slots.
· UL gap for Tx power management is defined in unit of UL slot defined by 120KHz reference SCS.   
Issue 3-2: On the NW configuration and signaling
· Apple:
· UL gap is network configured UE specific type 1 gap. The network configures the UL gap through UE specific RRC signaling.  
· Enable dynamic activation and de-activation of UL gap via either MAC CE or DCI.
· Nokia:
· Network needs to know which UEs support UL gaps and what enhanced requirements these UEs meet when UL gaps are provided.
· The network may activate UL gap lengths and periodicity to match the actual needs of each particular UE instead of e.g. activating unnecessary UL gap length and periodicity when it is not needed by the UE.
· 
Issue 3-3: Other UL gap configuration related aspects
· NTT DCM: If any NW scheduling constraint are identified, a mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) should be introduced as a package with introduction of UL gap feature to address possible problems on NW deployment.
· 
· Vivo: 
· Only type 1a gap can be configured for the PMPR calibration, to reduce unnecessary overhead. Type 1a: The gap is located in the UL transmission, which reduces the throughput directly.  
· RAN4 further discuss whether uplink gaps are captured in RRM specs or in RF specs.
Open issues summary for the 1st round

Issue 3-1: On the measurement gap configurations
· Candidate UL gap periodicity: 5ms, 20ms, 40ms, 80ms, 160ms
· Note: During UL gap periodicity, both UL and DL slots are included. For example, with UL/DL configuration of DDDSU and 120kHz SCS, 5ms periodicity consists of 40 slots, where 24 D, 8 S and 8 U slots.
· Candidate UL gap duration: 125us, 250us, 500us, 1000us
· It is noted that only UL slots are included in UL gap duration, e.g. when gap duration is 500us, it is equivalent to 2 UL slots for 60kHz SCS or 4 UL slots for 120kHz SCS

	Company
	Comments

	Qualcomm
	We should try to minimize options. We would prefer more frequent scan opportunities since this is for safety so no room for errors. 

	Nokia
	UL gaps with a periodicity of 0.25% correspond to 1 slot every 50 ms which may have be a significant impact in system level performance (1.25% UL throughput loss). Instead, MPE power back-off is averaged over few seconds. Furthermore, the return trip for body detection is so short that even with averaging we could consider shorter gap duration, i.e. on symbol level (125 us is 1 slot at 120kHz SCS). We would like to also include options for longer periodicity and shorter gap duration

	ZTE
	The UL gap periodicity should be configurable. The candidate values can include all of these values.
The UL gap duration should be in unit of slot, which aligns with the frame structure in TDD. For the reference numerology, the reference numerology of the frame structure in TDD can be reused.

	Apple
	The proposed gap periodicity and duration follow the range of 0.5% to 5% used in the network impact evaluation. Since the UL gap is RRC configured, a wider range leaves flexibility for UE implementation and network configuration, which we think is reasonable. 
More specifically, the gap duration is counted in UL slot with 120KHz SCS. No impact on UL transmission in the special subframe so PUCCH can still be transmitted and DL impact is minimized. Multiple consecutive slots are needed to improve accuracy.   
It is helpful in this meeting to agree on a set of candidates for both UL gap periodicity and duration. Further decision can be made on the number of gap configurations and the related details. 

	Samsung
	We also support Qualcomm’s comments on minimizing the options of uplink gap configurations . 

	Intel
	We may consider the proposed sets of UL gap configurations as starting point



Issue 3-2: On the NW configuration and signaling
Option 1: UL gap is configured by NW via RRC signaling. Once UL gap is configured, it can be activated or deactivated via MAC CE and/or DCI
Option 2: Others

	Company
	Comments

	Qualcomm
	This sound good procedure, configure per UE and then schedule/activate per UE. 

	Nokia
	We support option 1. and are open to further discuss mechanisms that may require the least amount of signaling and minimize system and network impacts.

	OPPO
	· Option 1.

	Sony
	· In general, we support the idea that the network should be able to configure and active/deactive the UL gap. 

	Ericsson
	Support option 1: Gaps must be individually configured per UE and NW shall have “freedom” to activate them.
However we think we need to further discuss and agree tests/testability before go ahead and starting defining detailed gaps.

	ZTE
	We support Option 1.

	Apple 
	UL gap is configured via UE specific RRC signaling. However, it is beneficial to be able to dynamically activated/deactivated the corresponding UL gap configuration.  
The reason of such proposal is based on the observation that, the most beneficial scenario of the UL gap for Tx power management is for cell edge UE with high Tx power and relatively high UL duty cycle. For the cell center UEs, Tx power should be reduced with UL power control and the required P-MPR should be also small. When the benefit of P-MPR reduction is limited, UL gap should not be activated. Therefore, dynamic activation/de-activation can be used to ensure overall system benefit.    

	Samsung
	Option 1 can be used as starting points for further discussions. 

	Intel
	We agree that UL gap should be configured by NW via RRC signaling. But why do we need DCI-based activation/deactivation? We don’t expect activation/deactivation to be so dynamic and prefer not to re-define DCI formats adding unnecessary overhead. We suggest to consider MAC-CE as a baseline.

	DOCOMO
	We have same view as Samsung.

	vivo
	Support option 1.



Issue 3-3-1: One bit RRC flag
· If any NW scheduling constraint are identified, a mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) should be introduced as a package with introduction of UL gap feature to address possible problems on NW deployment.
· Option 1: Yes
· Option 2: FFS or no

	Company
	Comments

	Nokia
	Network needs to have a full control when it will and cap provide UL gaps for the UE. The exact signaling details for network control and UE capabilities should be discussed more in details once the UE requirements and test cases are more clear. 

	Ericsson
	Option 2: Too early to settle at this stage, similar view as Nokia.

	ZTE
	Once the configured UL gap is activated via MAC CE and/or DCI, the scheduling constraint is exist, we believe there is no need to interact any additional signaling between NW and UE.

	Apple
	Open to further discussion. 
Further clarification is needed for the one-bit RRC flag. In our understanding, UL gap is configured to the UE by the network and hence network has full control/flexibility over whether to configure such a gap. Also, is this part of SIBx signaling? Perhaps UE capability report can be further discussed after use case and requirement are clear, as discussed in 98bis-e.   

	Samsung
	FFS

	Intel
	The idea is not clear to us. Further clarifications on the proposal is needed. 

	DOCOMO
	We support option 1.
It is important that the gap is configured with the mutual consent of the NW and UE. Requirements and test cases don't significantly change this. Also This discussion may help to determine requirements and test cases. If there are candidates other than RRC and capability for mutual notification, we need to clarify from there first.

	vivo
	Option 2, FFS
Not clear why network flag is needed. For UE supporting this feature, UL gap can be configured to UE via dedicated signialing



Issue 3-3-2: Other UL gap configuration related aspects

	Company
	Comments

	ZTE
	We believe the UL gap configuration has some relation with the frame structure configuration in TDD. The UL gap occasion should be only configured in the U slots. But if one UL gap occasion conflict with F or D slots, the UE behaviour needs to be specified.

	Intel
	For the proposal from vivo on whether uplink gaps are captured in RRM specs or in RF specs we are open for both options. Need to check whether any interruptions are required. If interruptions are defined, they need to be captured in RRM spec

	vivo
	We think it is better to capture UL gap in RF spec. But the proposal from intel make sense. We can consider to capture them in RRM spec if interruption requirement is needed.





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: On the measurement gap configurations

	Further discussion is needed

	Issue 3-2: On the NW configuration and signaling

	Option 1: UL gap is configured by NW via RRC signaling. Once UL gap is configured, it can be activated or deactivated via MAC CE and/or DCI (Qualcomm, Nokia, OPPO, Sony, Ericsson, ZTE, Apple, Samsung, vivo)
Option 2: OK with option 1 but with MAC-CE only for activation/deactivation (intel)
Recommended 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 FFS that the configured UL gap(s) can be activated/deactivated via MAC CE and/or DCI


	Issue 3-3-1: One bit RRC flag

	Further discussion is needed

	Issue 3-3-2: Other UL gap configuration related aspects

	ZTE: if one UL gap occasion conflict with F or D slots, the UE behaviour needs to be specified.
Intel/vivo: further discuss which TS is better to capture UL gap configurations and potential interruptions. 

	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	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 notes: the open issues can be further discussed together with the WF. 
Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




Topic #34: On UL gap for coherent UL MIMO 
Companies’ contributions summary
	T-doc number
	Titile
	Company
	Proposals / Observations

	R4-2109762
	Discussion on UL gap for self-calibration and monitoring
	ZTE Corporation
		-Proposal 3: If only type 2 UL gap can be used in coherent calibration, the UL gap overhead should be further studied.
		• 	-Proposal 4: The current Time window requirement may cause large UL gap duration, the relation between the length of UL gap duration and the current Time window requirement should be further studied. 


	R4-2110826
	R17 FR2 UL gap for coherent UL MIMO
	OPPO
	· Observation 1: Coherent UL MIMO has performance gain than non-coherent UL MIMO, however, UE is difficult to keep coherent UL MIMO all the time which makes this feature is not supported by UE in the field.
· Observation 2: UL calibration gap can assist current non-coherent UL MIMO UE to use coherent UL MIMO codebook to improve UL throughput. 
· Observation 3: Type 2 gap is more suitable to calibrate the relative power and phase difference. 
· Proposal 1: It is proposed to introduce coherent UL MIMO calibration use case to UL gap capability and type 2 gap is proposed as starting point. 
· Proposal 2: It is proposed to consider the possibility of harmonizing different type 1 gap use cases in gap configuration. 


	R4-2111383
	On FR2 UL gap for coherence calibration
	Huawei, HiSilicon
	-Observation 1: From both link level and system level analysis for NR, it shows power/phase consistence can largely improve the UL performance from both UE specific perspective and from whole network perspective.
		• 	-Observation 2: The limitation configurations for UE to maintain coherent UL MIMO in TS 38.101-2 are not avoidable in a real network, which makes coherent UL MIMO only paperwork.
		• 	-Observation 3: Configured UL gap can help UE to maintain the coherence between antenna ports for the upcoming PUSCH transmission with coherent codebook. The detail gap configuration can be discussed in phase II.
		• 	-Observation 4: there is No performance loss caused by UL gaps configured for coherence.
		• 	-Observation 5: for coherence calibration UL gap, we can take relative phase/power error requirement with switching/port change side condition as the Requirements and associated test.

		• 	-Proposal 1: RAN4 confirms the work on performance gain introduced by coherence (i.e. power and phase maintain between UE RF chains) can be concluded.
		• 	-Proposal 2: 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.
		• 	-Proposal 3: The relative phase and power error before and after calibration gap can be measured, which can be taken as the measurement metric on coherence UL gap verification. RAN4 confirms the work on enhanced testable UE RF requirements has been justified. 
		• 	-Proposal 4: RAN4 agrees to complete the phase I evaluation work for FR2 coherence calibration gap, go forward into the phase II in next RAN4 meeting



	R4-2111151
	Further consideration on UL calibration gaps
	Ericsson, Sony
	Proposal 5: Update the Work Item Description to include the use case for coherent calibration if RAN4 agrees to move forward on this use case.


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Observation summary based on the contributions
Open issues summary for the 1st round
Issue 4-1: Comment on performance gain and potential network impact due to gap overhead. 

	Company
	Comments

	Nokia
	We would like to ensure that there are real UE requirement gains if gaps are introduced. It is not about relaxation but improving the UE performance. The currently analyses have not yet shown the gains in the UE requirements but that coherent UL MIMO provide gains against non-coherent UL MIMO.

	OPPO
	Gain is shown with the introduction of calibration gap for coherent UL MIMO comparing to current UEs without coherent MIMO. This is fair comparison as the power management gap which compares the power improvement with or without gap configured.

	Ericsson
	Similar view as Nokia, furthermore this use case for coherent MIMO has not yet been reflected in the WID (as mentioned in our paper). 

	Huawei, HiSilicon
	To Nokia, currently in the spec, coherent RF requirement shows with Tx switching, Tx port changing or even measurement gap, the UE does not need to meet the coherent RF requirement. It means, under these conditions, the UE cannot work with coherent codebook. The RF requirement improvement for the coherence gap is, UE can meet the coherence RF requirements even when the “switching” configures by the network. 
To Ericsson, we would like to align RAN1 and RAN4 spec that if as UE indicate support of coherent MIMO, corresponding codebook can be configured to the UE without any gNB configuration limitation to get the performance gain. We agree to add this aspect into the WID.

	Verizon
	WE agree with Nokia view and the performance gain should be identified.

	ZTE
	As proposed by some companies, for the signal distortion calibration, such as  relative phase difference and relative power difference, calibration signal is needed, so comparing type 1 gap and type 2 gap, only type 2 gap can be used. So all the potential network impact due to type 2 gap should be considered.
Another concern from us is that even with the coherent calibration in type 2 gap, to enable coherent UL MIMO really be used, not only paperwork, a signaling mechanism between NW and UE is needed. So as NW can know whether and when UE can transmit PUSCH with coherent codebook, then NW can schedule PUSCH with coherent codebook indication.

	Apple
	Gain is observed with UL coherent MIMO calibration when one of the conditions happens between SRS transmission and PUSCH transmission. Making coherent MIMO work in real deployment is important. 




Issue 4-2: Comment on UL gap type 2 is used for coherent UL MIMO. 
	Company
	Comments

	Nokia
	The impact on UL degradation is clear for type 1 and type 2. The performance gain is what should be studied further. Type 2 can be used for UL MIMO and will minimize UL degradation but like we commented in 4-1 first gains in UE requirements need to be shown and later ensured.

	Huawei, HiSilicon
	Actually type 1 and type 2 gap are both OK for coherence calibration. The difference is, we think type 2 gap would have no impact on configuration overhead, because during the gap UE transmits the real data that gNB schedules to the UE. However, for type 2 gap, gNB need to consider proper DMRS configuration to the UE. Type 2 gap is as the figure in our paper:
[image: ]
For Type 1 gap, it is similar as for the proximity calibration gap, UE does not transmit during the gap. We could also provide an example here:
[image: ]


	ZTE
	Comparing with type 1 UL gap, type 2 UL gap is more suitable for coherent UL MIMO as we analyzed in Issue 4-1.
Based on the definition of type 2 UL gap, NW can not schedule any UL transmission for any UE during the type 2 UL gap. If the UE can transmit PUSCH at the type 2 UL gap, we believe an additional type of UL gap should be introduced.

	Apple
	As Huawei explained in the paper, since UE transmit PUSCH during the gap, the network impact can be limited. 

	vivo
	Taking into account the amplitude and phase need to be calibrated, the type 2 gap is more suitable. In addition, the type 2 gap may have two possible behavior:
Behavior 1: UE emits a dedicated calibration signal but gNB ignores it, and in order to avoid interference, gNB still needs to schedule few resources for the UE.
Behavior 2: UE maintains the transmission with gNB by one of the Tx chain and another one can perform calibration.
And the coherent MIMO requirement in spec is described as:
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different physical antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS.
It is seems that only behavior 1 is more suitable because the behavior 2 can not capture the information of signal from different Tx chain simultaneously.




Issue 4-3: Comment on testability of coherent UL MIMO.   
	Company
	Comments

	XXXHuawei, HiSilicon
	For coherent UL MIMO testability, we think it is easy be verified.
Coherent UL MIMO requires UE to meet 40degree and 4dB phase and power error when no switching is configured or scheduled. 
For UE with coherence calibration capability and when gap is configured, UE need to meet the coherence MIMO requirement, i.e. phase error and power error.

	
	

	
	



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 4-1: Comment on performance gain and potential network impact due to gap overhead. 
Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:
The discussion in the second round is recommended to focus on the following aspects
· Performance gain between coherent MIMO with calibration and non-coherent MIMO without calibration
· NW impacts with respect to gap type (e.g. type 1 or 2) and the codebook assumption alignment between UE and NW
· WID with updated scope to include the coherent UL MIMO as new use case 

	Issue 4-2: Comment on UL gap type 2 is used for coherent UL MIMO. 

	Recommendations for 2nd round:
Further discussion is needed and can be merged with Issue 4-1

	Issue 4-3: Comment on testability of coherent UL MIMO.   
	Recommended agreements:
· No testability issue of coherent UL MIMO is identified.



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	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)
Issue 4-5: Performance gain between coherent MIMO with calibration and non-coherent MIMO without calibration

	Company
	Comments

	
	



Issue 4-6: NW impacts and the related issues including UL gap type and codebook assumptions

	Company
	Comments

	
	



Issue 4-6: Subject to RAN plenary decision, it is recommended to include coherent UL MIMO calibration as one of the use cases in the WID
· Option 1: Yes
· Option 2: FFS or No

	Company
	Comments

	
	



Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
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