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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 100-e on UL gap for Tx power management are captured in the way forward R4-2114964.  
Agreement: 
· Baseline is to verify that UE correctly behave without phantom and ensure the feasible requirement gain in Rel-17 with different test methods.

Agreement: 
· “P-MPR report+peak EIRP without phantom”, X dB EIRP gain and P-MPR requirement of Y when UL gap is activated should be achieved compared to the case where no gap is activated 
· Decide range for X value in this meeting for making decision in future meeting
· Option 1: at least 6dB
· Option 2: A value between 6dB and 3dB, which is typical in the field
· Further discussion on the definition of Y in this meeting
· Option 1: Y is absolute value
· Option 2: Y is the relative value of gain
· Option 3: no P-MPR requirement of Y
· FFS on the implementation margin





Agreement: 
· 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: UE implicitly indicate to NW by P-MPR reporting. The exact P-MPR value is FFS. 
· Network can activate UL gap without the indication from UE
· 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: UE implicitly indicate to NW by [TBD] reporting. 
· Network can deactivate UL gap without the indication from UE.

Agreement: Two approaches will be considered
· #1: UL gap should be explicitly configured and activated/deactivated directly by RRC signaling
· #2: UL gap should be explicitly configured by RRC and activated and deactivated by MAC CE

Agreement:
· The switching time should be included in gap period.

Further down-select candidates based on UL overhead, the ratio UGL and UGRP, of 5%, 2.5%, 1.25% and 0.625% and gain achieved in the RF requirements. 
· 5% Example configuration: UGL: 1ms, UGRP:20ms
· 2.5% Example configuration: UGL: 0.5ms, UGRP:20ms or UGL: 0.125ms, UGRP: 5ms 
· 1.25% Example configuration: UGL: 0.125ms, UGRP:10ms  
· 0.625% Example configuration: UGL: 0.125ms, UGRP:20ms or UGL: 1ms, UGRP: 160ms   
  
On how can UE indicate to the NW UL gap activation/de-activation is needed:   
· UL gap should be explicitly activated by NW via signaling 
· How can UE indicate to the NW UL gap activation is needed?
· If needed, UE explicitly indicates to NW by signaling
· UL gap should be explicitly deactivated by NW via signaling
· How can UE indicate to the NW UL gap deactivation is needed?
· If needed, UE explicitly indicates to NW by signaling


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

	R4-2117296
	Apple
	Proposal 1: Absolute P-MPR report value when UL gap is activated can be used as the metric for requirement.  

Proposal 2: When UL gap is activated, the peak EIRP measurement should be averaged across UL slots with PUSCH transmission over 4s. 

Proposal 3: The minimum Delta EIRP gain is (Ppeak_EIRP-21dBm-margin) + 10*log10(Z/20) comparing UL gap is activated to when the UL gap is not activated.  

Proposal 4: The absolute P-MPR when UL gap is activated should be between 0 to 3dB. 

Proposal 5: Implementation margin of 2.5dB is allowed. 

Observation: Higher peak EIRP requires better detection probability. 


	R4-2117943
	NTT DOCOMO, INC.
	Observation 1: If P-MPR metric is the relative value of the gain, the test becomes redundant because it is guaranteed by test of EIRP metric.
Observation 2: It is not preferred that UEs with high P-MPR despite the UL gap being active meet the requirements. It is valuable for us that the improved final P-MPR values are guaranteed.
Proposal 1: P-MPR metric should be absolute value to guarantee that UE finally have good performance by configuring the UL gap.
Table 2.2-1: Clarification of UE type
	Type of UE
	P-MPR value when human targets are not close to Tx antenna
	NOTE

	
	w/o UL gap
	w/ UL gap
	

	A
	Very High
	Very High
	· UE with very bad performance. There is no or slight performance improvement even if UL gaps are configured.  

	B
	Low
	Low
	· UE with good performance. There is no or slight performance improvement even if UL gaps are configured. 

	C
	Very High
	High
	· UE with very bad performance. There is performance improvement when UL gaps are configured, but it is still bad performance UE.

	D
	High
	Low
	· UE with bad performance. There is performance improvement when UL gaps are configured, and it becomes good performance UE.



Table 2.2-2: Clarification of the test cases 
	Test cases
	metric for requirements
	UL gap
	Whether to meet the requirements

	
	
	
	Type A UE
	Type B UE
	Type C UE
	Type D UE

	X
	ΔEIRP
(Relative value)
	w/ and w/o
	No
	No
	Yes
	Yes

	Y
	P-MPR report
(Absolute value)
	w/
	No
	Yes
	No
	Yes



Proposal 2: By checking the EIRP metric (Test X) as relative value and the P-MPR metric (Test Y) as absolute value, we can correctly evaluate the performance of each type UE and allow properly target UE (Type D) to be configured UL gap.


	R4-2118297
	vivo
	Observation 1: To ensure the performance improvement, the performance gain of gap should be achieved in any direction of coverage.
Observation 2: For the UE can only detect blocking by gap, there may be a higher burden on the network due to the frequent gap to avoid exposure issue.
Observation 3: For the UE can roughly detected blocking by sensor and expect the gap for higher accuracy, it is hard to achieve the gain higher than 6 dB.
Observation 4: The performance gain is strongly related to U-D configuration and gap overhead. 
Observation 5: based on current P-MPR report, the Y only can be a range which is hard to be used in the test verification.
Proposal 1: The performance gain at the direction of spherical coverage (e.g., 50% for PC3) also should be verified. 
Proposal 2: The discussion for minimum requirement of gap should combined with U-D configuration and gap pattern.
Proposal 3: The minimum requirement for gap can be X = 3 dB with 1.25% gap overhead based on DDDSU configuration.
Proposal 4: The requirement of gap can be discussed based on X value only, and the difference between X and Y can be incorporated in the implementation margin.


	R4-2118771
	Nokia, Nokia Shanghai Bell
	Proposal 1: Support X being at least 6 dB (Option 1).
Proposal 2: Support Y being the relative value of gain (Option 2).
Proposal 3: Ensure value of peak EIRP without the gaps is above a threshold, e.g. above 23 dBm.
Proposal 4: Support measuring UE in-band Tx power during the gaps.
Proposal 5: Consider an extra test to validate UEs fulfill current requirements even without UL gaps scheduled.
Observation 1: Another test may be defined for UEs embedding other means than radar for body proximity sensing.
Proposal 6: Further discussion how to define UE core requirements in addition to the testing aspects.
Observation 2: Gains should be shown between coherent MIMO without the gaps and coherent MIMO with the gaps.


	R4-2118884
	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. 2dB.

2.2 Capability definition

Observation 6:    UL gap is needed only for the band with MPE issue, i.e. PMPR is applied, and not needed for bands without MPE issue.
Observation 7:    If hardware is shared, UL gap is needed for all the bands.

Proposal 4:         It is proposed to define UL gap UE capability as per band reported.


	R4-2119117
	ZTE Corporation
	Observation 1: For peak EIPR, how and whether to guarantee the aligned gain between test and practical application should be discussed. 
Proposal 1: For the performance metric of P-MPR, the gain should be a relative value.
Proposal 2: For the test methodology, Option 1 is preferred.
Proposal 3: The UL gap configuration should not conflict with the configuration of TDD-UL-DL-ConfigCommon and/or TDD-UL-DL-ConfigDedicated.
Proposal 4: UE only needs to report the P-MPR report regularly, when to activate/deactivate the UL gap, which should be determined only by NW.
Proposal 5: If the RRC signaling activation/deactivation and MAC CE activation/deactivation both supported, additional activation/deactivation signaling should be added except for the configuration signaling itself.


	R4-2119184
	Ericsson, Sony
	Observation 1: The usage of BPS by deployed UEs must fulfill regulatory based exposure requirements.
Observation 2: 3-4 dB can be seen as a typical value of P-MPR (assuming a 20% uplink duty cycle).
Observation 3: 3GPP has no limitation on how much P-MPR that a UE can apply, and UE can always implement a very conservative value if it needs. 
Observation 4: There is a lack of verification on how UE adoptive its P-MPR value according to the UL duty cycle. 
Proposal 1:  Provide information on the operation mechanisms of the radar/BPS, e.g. does it need a long transmission over a single gap, or it needs to transmit over multiple short gaps?
Proposal 2: Both approaches for configuration/activation shall be kept, and it would be up to RAN2 to define the details of RRC and MAC-CE signaling.
Proposal 3: For UE indication of gap activation, agree on Option 1 “UE explicitly indicates to NW by signaling”. UE to use MAC-CE as signaling “method” for indication of gap activation.
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: RAN4 should considering verify the UE P-MPR behaviour against UL duty cycle.


	
	
	

	
	
	

	
	
	



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: EIRP gain when UL gap is activated
Sub-topic description:
Open issues and candidate options before e-meeting:
· Option 1: 6dB (Nokia)
· Option 2: The minimum Delta EIRP gain is at least (Ppeak_EIRP-21dBm-margin) + 10*log10(Z/20) (apple)
· Option 3: The minimum requirement for gap can be X = 3 dB with 1.25% gap overhead based on DDDSU configuration (vivo)
· Option 4: It is proposed to further discuss the required dB gain in UL gap feature, e.g. 2dB.(OPPO)
· Option 5: 3-4 dB can be seen as a typical value of P-MPR (assuming a 20% uplink duty cycle). (Ericsson, Sony)
Sub-topic 1-2: P-MPR reporting
· Option 1: Absolute P-MPR, e.g. the P field in the PHR shall set to 0.   (Apple, DCM)
· Option 2: Delta P-MPR (Nokia)   
· Option 3: No P-MPR (vivo)
Sub-topic 1-3: Other additional requirements to be tested
Option 1: Providing UE should meet all existing FR2 RF requirements, P-MPR report+peak EIRP gain, as agreed in RAN4#100e, should be sufficient. No additional requirement is needed.
Option 2: Tx OFF should be tested during gap (E///, Nokia)
Option 3: Ensure value of peak EIRP without the gaps is above a threshold, e.g. above 23 dBm. (Nokia)
Option 4: The performance gain at the direction of spherical coverage (e.g., 50% for PC3) also should be verified.(vivo)

Companies views’ collection for 1st round 
Open issues 
Sub-topic 1-1: EIRP gain when UL gap is activated
· Option 1: 6dB (Nokia)
· Option 2: The minimum Delta EIRP gain is at least (Ppeak_EIRP-21dBm-margin) + 10*log10(Z/20) (apple)
· Option 3: The minimum requirement for gap can be X = 3 dB with 1.25% gap overhead based on DDDSU configuration (vivo)
· Option 4: It is proposed to further discuss the required dB gain in UL gap feature, e.g. 2dB.(OPPO)
· Option 5: 3-4 dB can be seen as a typical value of P-MPR (assuming a 20% uplink duty cycle). (Ericsson, Sony)
To define a realistic EIRP gain, interested companies are encouraged to specify not only their preference on the EIRP gain but also the corresponding assumptions of the side conditions, including UE peak EIRP, UL duty cycle, waveform, etc.
	Company
	Comments

	XXX
	

	Apple
	Support option 2. 
The EIRP gain obtained when UL gap is activated compared to the case when it is de-activated, depends on the UE max peak EIRP, UL duty cycle, UL waveform, constellation, and RB allocation etc. By choosing DFT-s-OFDM waveform with inner full RB allocation and QPSK modulation, the two key remaining parameters are UE max peak EIRP and UL duty cycle, where max peak EIRP is a UE implementation issue. 
The equation is proposed to accommodate different implementations, which have different Ppeak_EIRP and UL duty cycle values. While the UL duty cycle is a variable in the equation, we do not wish to have multiple tests with different duty cycles. RAN4 needs to agree on a single duty cycle for the test.


	Ericsson
	Option 4 with account of Option 5.
The UE can use any P-MPR value in the field. If the NW configures gaps in the field, does this mean the UE will – or is likely to -- increase its EIRP in case P-MPR is applied by the UE? Would this be ensured by the conformance test?
We recognize that the delta discussed is for the conformance test. Does this test case represent operations in the field? We remark that the current regulations on MPE does not even consider body proximity, the MPE is just a radiation intensity measured at a certain distance of the device no matter any other bodies (unlike SAR). If regulations were to be updated to include body proximity and allow higher radiation density (e.g. EIRP increased by 3 dB) in the absence of a “body” this would be most welcome, but not envisaged in the foreseeable future.
Defining a UE behaviour following NW actions would be more beneficial. Example: in case the UL duty cycle is reduced by the NW then the UE can increase its EIRP since the MPE is averaged over 2-4 seconds. This would be a more predictable action by the UE; in case the P-MPR bit is set by the UE then NW could reduce the UL duty cycle and count on that the UL EIRP can be increased.


	Sony
	We would like to emphasis that the delta value may not be that critical. A UE may only need 3dB PMPR to meet the MPE limitation, but if 3GPP would require 6 dB gain from BPS, this UE can also implement 6 dB PMPR instead since there is no limitation on the P-MPR implementation. 
The important thing is how UE behaves, e.g., whether UE can adjust the P-MPR value according to the activation of UL gap. 
Meanwhile, we would like to remind the group that there is still lack of verification on how UE adjust PMPR values according to the UL duty cycle which is a Rel-16 feature. 

	Huawei
	Prefer Option 2. 
Option 1 is the upper limit, Option 3/5 is the lower limit, and for Option 2 different configurations result in different metrics which seems more reasonable.

	OPPO
	Option 4 or 5. As Ericsson commented, current MPE test is no phantom in the regulation, does that means UE always need to do power back off no matter human is nearby or not?

	vivo
	We prefer option 3 or option 2. Apparently, the performance gain depends on the gap overhead and U-D configuration and the requirement should be based on a certain configuration. Our intention of option 3 is only to define a minimum requirement. We are ok with the option 2 which including different cases but we hope the verification of the formula can be simplified.

	Nokia
	We aim at ensuring that sufficient performance gains are obtained from the introduction of UL gpas for proximity sensing. In RAN#93-e, other enhancements (i.e. PA and TRX calibration) than P-MPR for UL gaps have been descoped as they could not provide sufficient gain i.e. only about 1-2 dB. We prefer option 1, but option 2 is also acceptable.

	DOCOMO
	Option 1 or Option 2.

	Intel
	We prefer Option 2, but are also ok to further discuss the required dB gain in UL gap feature



Sub-topic 1-2: P-MPR reporting
· Option 1: Absolute P-MPR, e.g. the P field in the PHR shall set to 0.   (Apple, DCM)
· Option 2: Delta P-MPR (Nokia)   
· Option 3: No P-MPR (vivo)
	Company
	Comments

	XXX
	

	Apple
	Support option 1. 
When UL gap is activated, the reported P-MPR should be close to zero since no phantom in the test. 
The relative P-MPR difference is a duplication of relative peak EIRP with less accuracy, we do not see the value of using P-MPR difference in addition to the relative peak EIRP test metric

	Ericsson
	Option 3: the P-MPR is already included in the Pcmax,f,c reported in the PHR (and thus the PH). From a network perspective it does not matter if a back-off is due to MCS or MPE. However, the RAN4 tests should ensure that the UE does not use P-MPR for meeting conformance requirements.

	Huawei
	Prefer option 1
Absolute P-MPR is a good test metric considering analysis based on R4-2117296 and R4-2117943. What we concern is a reasonable P-MPR report which is based on a range rather than a specific value mentioned in R4-2118297.

	OPPO
	Option 3. Delta Peak EIRP is enough in evaluating UL GAP gain. Assuming there is methods in the conformance testing to trigger UE apply power back off (mimic the behavior of human body detection), then the power back off value will be equal to the peak EIRP difference before and after the power back off.
PMPR reporting is 3dB step based which may not be suitable or accurate enough.

	vivo
	Prefer option 3, we do not see significant difference between option 3 and option 1. Option 3 is simpler


	Nokia
	In line with assessing the performance improvement seen from the scheduling of UL gaps, it is clear to use delta-P-MPR. As such, we support Option 2 because it verifies that P-MPR reporting matches peak EIRP measurements. Nonetheless, Option 1 may be incorporated as part of option 2, i.e. to check that when the gaps are scheduled P-bit=0.
Support option 2 + option 1, where option 1 is one part of option 2.

	DOCOMO
	We support Option 1.
We have the same view as Apple. If P-MPR metric is the relative value of the gain, it is redundant. In addition, it is valuable for us that the improved final P-MPR values are guaranteed.

	Intel
	We agree with option 1 in that technically, the reported relative P-MPR should be similar but less accurate to the relative peak EIRP. The issue is the granularity used in reporting P-MPR.



Sub-topic 1-3: Other additional requirements to be tested
Option 1: Providing UE should meet all existing FR2 RF requirements, P-MPR report+peak EIRP gain, as agreed in RAN4#100e, should be sufficient. No additional requirement is needed.
Option 2: Tx OFF should be tested during gap (E///, Nokia)
Option 3: Ensure value of peak EIRP without the gaps is above a threshold, e.g. above 23 dBm. (Nokia)
Option 4: The performance gain at the direction of spherical coverage (e.g., 50% for PC3) also should be verified.(vivo)
	Company
	Comments

	XXX
	

	Apple
	Support option 1. 
Earlier agreement that UE should meet all existing FR2 RF requirements, already cover option 2 and option 4 in our view. 
For option 3, we are not sure if a single threshold is agreeable since UEs may have different implementation as to how much power to back off in the case of not using BPS or other sensors to detect the nearby human body. Furthermore, in our understanding, the threshold of 23dBm was derived based on the simulation results shown in Fig. 1 in R4-2118771. We would like to get more simulation details since the simulation results do not align with our understanding. The results seem to indicate that MPE compliance is not an issue for UEs even without power backoff, e.g. at 1mm distance, UEs can transmit at 25dBm EIRP.

	Ericsson
	Option 2

	Sony
	Option 2. It has been agreed that the off-power requirement should be met when the BPS is activated, so it should be tested. 

	Huawei
	Prefer option 1.

	ZTE
	Support Option 2. It has been agreed that using Type 1 UL gap for TX power management use case, so off-power requirement should be guaranteed since NW would schedule other UEs of the same cell at the UL gap duration.

	OPPO
	Option 1. The option 2 is included in the Option 1 since OFF power is one of the requirements currently.

	Nokia
	As detailed in sub-topic 1-1, we expect a significant UE Tx improvement from scheduling UL gaps. Furthermore, a UE requiring gaps for MPE still needs to perform well even if gaps are not scheduled. As such, we propose that peak EIRP without gaps is above a threshold as indicated in Option 3.  We agree with Apple that a single threshold might be difficult to agree on due to specific UE array implementations. For consistency with sub-topic 1-1 option 2: this threshold may be 21 dBm. 

Furthermore, Tx OFF should be tested during the gap in order to check that the improvement is solely due to P-MPR for MPE. Hence, we also support Option 2.  

Support option 2 + option 3 (with 21 dBm) 


	DOCOMO
	We prefer Option 2. As a premise, it has already been agreed to meet the OFF power requirement during UL gap and should be shown in the specification. In addition to that, We can discuss the requirements for testing.
We support Option 3 if Sub-topic 1-2 is Option3. It may not be necessary if Sub-topic 1-2 is Option1.

	Qualcomm
	RAN4 should not define what is the tested, that is RAN5 scope, but RAN4 should agree what are requirements. The sub topic title says “tested” but Option 1 says “requirements” and option 3 says “ensured” and option 4 “verified” so what are we discussing? 
For option 2: if the gap is longer than OFF power evaluation period, then OFF power requirement applies and up to Ran5 when to test it. 
For option 3: our view that if EIRP improvement is specified for this feature, then it obviously should be tested. Same with option 4 and spherical coverage. 



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 

	Sub-topic 1-1: EIRP gain when UL gap is activated

	Status summary
· Option 1: 6dB (Nokia, DCM)
· Option 2: The minimum Delta EIRP gain is at least (Ppeak_EIRP-21dBm-margin) + 10*log10(Z/20) (apple, Huawei, vivo, Nokia, DCM, intel)
· Option 3: The minimum requirement for gap can be X = 3 dB with 1.25% gap overhead based on DDDSU configuration (vivo)
· Option 4: It is proposed to further discuss the required dB gain in UL gap feature, e.g. 2dB.(OPPO, E///)
· Option 5: 3-4 dB can be seen as a typical value of P-MPR (assuming a 20% uplink duty cycle). (Ericsson, Sony, OPPO)
Recommendations for 2nd round:
Open issue:
   It is FFS how UE behaviour should be impacted to follow UL duty cycle.
Proposed agreements:
· The minimum Delta EIRP gain is at least max((Ppeak_EIRP-21dBm-margin) + 10*log10(Z/20), 3dB), where the margin is 2dB. 


	Sub-topic 1-2: P-MPR reporting

	Status summary:
· Option 1: Absolute P-MPR when UL gap is activated, e.g. the P field in the PHR shall set to 0.   (Apple, DCM, Huawei, Nokia, intel)
· Option 2: Delta P-MPR (Nokia)   
· Option 3: No P-MPR (vivo, Ericsson, OPPO)


	Sub-topic 1-3: Other additional requirements to be tested

	Status summary:
Option 1: Providing UE should meet all existing FR2 RF requirements, P-MPR report+peak EIRP gain, as agreed in RAN4#100e, should be sufficient. No additional requirement is needed. (Apple, Huawei, OPPO, DCM if option 1 is agreed in sub-topic 1-2)
Option 2: Tx OFF should be tested during gap (E///, Nokia, ZTE, OPPO)
Option 3: Ensure value of peak EIRP without the gaps is above a threshold, e.g. above 21 dBm. (Nokia, DCM if option 3 is agreed in sub-topic 1-2, Qualcomm)
Option 4: The performance gain at the direction of spherical coverage (e.g., 50% for PC3) also should be verified.(vivo, Qualcomm)
Recommendations for 2nd round:
Proposed agreements:
· Tx OFF requirements should be tested during UL gap
· UE will report P-MPRgapon  when UL gap is activated 
· For P-MPRgapon , P field in the PHR shall set to 0
· It is FFS about P-MPRgapoff reporting when UL gap is not activated and the related delta P-MPR, i.e. (P-MPRgapoff -P-MPRgapon).







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)
Issue-2r-1-1: On P-MPR reporting when UL gap is not activated but configured
· It is FFS about P-MPRgapoff reporting when UL gap is not activated but configured and the related delta P-MPR, i.e. (P-MPRgapoff -P-MPRgapon) to be tested.
	Company
	Comments

	XXXHuawei
	No need to report P-MPRgapff, and P-MPRgapon reporting is enough. We do not see a big difference between delta EIRP and delta P-MPR.

	Nokia
	Performance improvement is measured on relative Peak EIRP and the test has to check that P-MPR reporting is matching the peak EIRP improvement. It is not enough to see that P-MPR is < 3 dB when the gaps are off. The test also has to check the P-MPR value when the gaps are on and to verify that P-MPR reduction is applied and matched peak EIRP improvement.


	ZTE
	If relative peak EIRP is the common understanding and reporting both relative peak EIRP and relative P-MPR is redundant, not need to report P-MPRgapoff. 

	DOCOMO
	It is preferable for us to be tested if there are no concerns, as it only evaluates the reported values. We don't have a strong view.

	Apple
	We are open to have (P-MPRgapoff -P-MPRgapon) to be tested. The delta value of reported P-MPR should be compatible with delta EIRP.  



Issue-2r-1-2: On how UE behaviour should be impacted to follow UL duty cycle.
	Company
	Comments

	NokiaXXX
	UL duty cycle reduction from 100 % to 20 % increases the allowed peak EIRP under MPE of the UE by nearly 7 dB since MPE is averaged over seconds. Therefore, it has to be clear which UL duty cycle is considered for the test and the allowed peak EIRP of the UE will scale accordingly.

	Qualcomm
	While peak EIRP and PD are not 1-1 relation, we agree with Nokias point that lower dutycycle should increase the power i.e. decrease the P-MPR. But this is the in the formula already, In GTW Ericssos asked what is the dutycycke exactly, tested reported with maxULDutycycle or the actual? 

	Apple
	The agreed delta EIPR equation requirement includes scaling aspect regarding to duty cycle.  RAN4 needs to agree on the duty cycle(s) for the test.






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

	R4-2117297
	Apple
	Proposal 1: UE reports the supported UL gap configurations through UE capability report. 
Proposal 2: Support 5% UL gap overhead with UGL= 1ms and UGRP = 20ms. 
Proposal 3: Support 2.5% UL gap overhead with UGL = 1ms, and ULRP = 40ms. 
Proposal 4: UL gap location is determined by UL gap configuration and tdd-UL-DL-ConfigurationCommon 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 in FR2 cells when UL gap is activated.   
Proposal 6: No impact on measurement gap configuration and requirement due to UL gap.     
Proposal 7: UE support FR2 UL gap must support per-FR measurement gap capability.  
Proposal 8: If needed, UE explicitly indicates to the network on activation/detection request via UAI.   


	R4-2118770
	Nokia, Nokia Shanghai Bell
	Proposal 1: UE to report the need of UL gaps for body proximity sensing.
Proposal 2: RAN4 would need to define limited a number of UL gap patterns.
Proposal 3: RAN4 will only define mandatory UL gap patterns. No optional UL gap patterns will be defined.
Proposal 4: RAN4 will define a maximum of 2 mandatory UL gap patterns.
Proposal 5: RAN4 should decide how many BPS measurement samples would be assumed necessary for the UE to make a robust enough estimate of proximity.
Proposal 6: RAN4 should decide UL gap repetition period based on possible restrictions in the BPS UL gap measurement distribution in time domain.
Observation 1: A UE which needs UL gaps for reducing P-MPR will only have low P-MPR if UL gaps are allocated.
Proposal 7: RAN4 needs to discuss the aspect of ‘retuning’ time.
Measurement Gap Configuration:
Proposal 8: RRC configured, and simultaneously activated/deactivated UL gap configuration shall be supported. 
Proposal 9: RRC configured, and MAC activated/deactivated UL gap configuration can be supported.
Observation 2: PHR reporting includes P-MPR level and provides network with needed information to activate the UL gaps.

Proposal 10: Regarding How can UE indicate the NW UL gap activation is needed?, support option 2 implicit indication in addition to explicit indication.

Observation 3: PH and DL reporting indicate to network UL failure risk due to MPE as well as how static the channel is. Based on this the network has information needed to deactivate the UL gaps.

Proposal 11: Regarding How can UE indicate the NW UL gap deactivation is needed?, support option 2 implicit indication in addition to explicit indication.


	R4-2119585
	Qualcomm Incorporated
	Proposal 1: RAN4 should first answer the following questions before discussing whether and how to define RRM requirements such as UL gap activation/deactivation delay, interruption due to configuration/activation/deactivation, etc.
· What is UE behavior in the following cases:
· Whether UE discard UL transmission (pre-)scheduled and configured by NW, e.g. PUCCH, PUSCH, SRS, in an activated gap
· Whether UE is allowed to transmit PRACH within and activated UL gap
· UL gap configuration in the time/frequency domain:
· Whether UE gap configuration and activation is common across bands or up to a separate UE capability.
· Whether and how to adjust UL gap boundary from UE perspective, e.g. if UL gap boundary should be advanced by TA, whether UL gap is valid or not when UE doesn’t have a valid TA
· Whether and how to extend UL gap length when the gap partially/fully overlaps with non-UL slots, e.g. DL slot, flexible slot, etc.
· Whether any UE autonomous transmission in an activated UL gap should be confined within active UL BWP


	
	
	

	
	
	



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: Gap configuration
Apple: 2 patterns with one defined as 1ms over 20ms (5%) and the other defined as 1ms per 40ms (2.5%) 
Nokia: RAN4 will define a maximum of 2 mandatory UL gap patterns.
vivo: The minimum requirement for gap can be X = 3 dB with 1.25% gap overhead based on DDDSU configuration.
Candidates identified in RAN4#100e
· 5% Example configuration: UGL: 1ms, UGRP:20ms
· 2.5% Example configuration: UGL: 0.5ms, UGRP:20ms or UGL: 0.125ms, UGRP: 5ms 
· 1.25% Example configuration: UGL: 0.125ms, UGRP:10ms  
· 0.625% Example configuration: UGL: 0.125ms, UGRP:20ms or UGL: 1ms, UGRP: 160ms   

Sub-topic 2-2: UL gap configuration/activation and the signaling
Nokia: RRC configured, and simultaneously activated/deactivated UL gap configuration shall be supported. RRC configured, and MAC activated/deactivated UL gap configuration can be supported.
Ericsson: Both approaches for configuration/activation shall be kept, and it would be up to RAN2 to define the details of RRC and MAC-CE signaling.
Sub-topic 2-3: other issues
· Qualcomm: Whether UE discard UL transmission (pre-)scheduled and configured by NW, e.g. PUCCH, PUSCH, SRS, in an activated gap? Whether UE is allowed to transmit PRACH within and activated UL gap

· Qualcomm: Whether UE gap configuration and activation is common across bands or up to a separate UE capability.
· Qualcomm: Whether and how to adjust UL gap boundary from UE perspective, e.g. if UL gap boundary should be advanced by TA, whether UL gap is valid or not when UE doesn’t have a valid TA
· Qualcomm: Whether and how to extend UL gap length when the gap partially/fully overlaps with non-UL slots, e.g. DL slot, flexible slot, etc.
· Qualcomm: Whether any UE autonomous transmission in an activated UL gap should be confined within active UL BWP
· Ericsson: Provide information on the operation mechanisms of the radar/BPS, e.g. does it need a long transmission over a single gap, or it needs to transmit over multiple short gaps?
· On UE Capability
· Oppo: It is proposed to define UL gap UE capability as per band reported.
·  Apple: 
· UE support FR2 UL gap must support per-FR measurement gap capability.  
· UE reports the supported UL gap configurations through UE capability report. 
· Nokia: RAN4 will only define mandatory UL gap patterns. No optional UL gap patterns will be defined.
· On the impact on measurement gap due to UL gap
· Apple: No impact on measurement gap configuration and requirement due to UL gap.     


Companies views’ collection for 1st round 
Open issues 
Sub topic 2-1: Gap configuration
Option 1: 2 gap configurations are specified with 2.5% and 1.25% overhead
Option 2: 3 gap configuration are specified with 5%, 2.5% and .125% overhead
Option 3: other choices
	Company
	Comments

	XXX
	

	Apple
	We are open for both option 1 and option 2. 

	Ericsson
	Option 3: decide on the gain of the feature first (for operations in the field primarily) before deciding on the overhead

	Sony
	We think it would be helpful first to clarify how the radar/BPS operation mechanism is (e.g., if the radar uses a single gap to detect or if the radar needs multiple gaps to detect), so that the gap configuration can selected to accommodate it.

	Huawei
	Option 3.
We think that to guarantee the measurement accuracy and performance gain of the UL gap, larger UGL should be ensured, the example configurations could be:
5% Example configuration: UGL: 1ms, UGRP:20ms
2.5% Example configuration: UGL: 0.5ms, UGRP:20ms，or UGL: 1ms, UGRP:40ms

	vivo
	We prefer option 1

	Nokia
	There are now 2 options, but we have not had any discussions on the UE requirements for BPS measurements in terms of whether there are requirements from the UE side how to ensure the UE BPS measurement performance.  
We assume, as discussed in our paper, that the UE would need one or more BPS measurement samples to perform, evaluate and detect a potential proximity with a certain probability (positive, false/positive etc.). Hence, RAN4 would need to consider the number of consecutive BPS measurement samples – well aware that BPS is UE implementation specific. 
RAN4 would also need to agree how the samples are assumed to be distributed: e.g. 1 BPS measurement sample per gap or a number of BPS measurement samples per gap. And in the latter case – how many BPS measurement samples would be needed. In both cases this would indicate what would be the GL 
Based on the proposed UGPs we assume following using one UGP example: 
UGL: 1.0ms with 40ms UGRP. 
· If UE only perform 1 BPS measurement sample per UG the UGL should be aligned with 1 BPS measurement sample 
· If UE performs multiple BPS measurement samples per UG then the UGL should be aligned such that it allows the required BPS measurement samples per UGL. 
We assume that the UGP potentially would need to account the UL/DL pattern in case more samples are needed per UG.  
Once the UGL has been determined, RAN4 would need to discuss the periodicity of the UGs. Any UE requirements related to maximum repetition period would be appreciated. From network side, it would be necessary to balance the allocated uplink gaps with the expected TP improvement from having the UL gaps allocated. 
Based on discussion and from our side we would prefer aiming at a max overhead of 2.5% from an allocated UL gap pattern. This seems reasonable compromise. We also prefer to have an UL GP with less overhead. Hence, we proposed following UL gap patterns: 
  
	 
	UGL [ms] 
	UGRP [ms] 
	overhead 

	UL MGP #1 
	1.0 
	40 
	2.5% 

	UL MGP #2 
	0.5 
	160 
	~0.31% 


Shorter UGL is of course preferred if possible. However, it depends on the UE need for consecutive BPS measurement samples per gap. UGRP for UL MGP #2 could even be longer (320ms) if RAN4 also discuss the possibility of having UL gaps allocated in burst format as discussed in some papers as well. 


	Qualcomm
	It looks like we want to decide UL gap pattern based on overhead. However, there are two importance aspect which shall be considered but we cannot see from the options.
First, we don’t think ‘Overhead’ is a proper term. With this term, if it is intended to include only UL slots in UL gap, it tends to underestimate the overall overhead. For example, some DL slots will be also blanked out and can’t be used for PDSCH transmission because corresponding ACK/NACK may not be transmitted during UL gap. Besides, this is not just about one UE, i.e. the blanked UL may not be used even for other UEs.
Second, we can’t see performance gain comparison between overheads in terms of, e.g. T-put. For example, when 5% of UL-MRL/UL-MGP is configured, how much T-put gain we can expect in tern? And which one can provide the best T-put by how much margin?

	Intel
	If we consider typical TDD configuration of DDDSU, then gap configuration with 5% overhead will lead to ~25% overhead on UL. We prefer lower UL overhead. Some trade-off between the overhead reduction and detection performance improvement is needed. So, we have the corresponding question – what is the difference in detection performance for different UGL?
Regarding the number of gap configurations, we think that if we want to accommodate different UE implementations, more gap configurations might be needed.
To Huawei: How to address typical DDDSU with proposed configurations where UGL is larger than 1 slot?


 
Sub-topic 2-2: UL gap configuration/activation and the signaling
Proposal: both of following two approached can be introduced and it is up to RAN2 to define the detailed signaling
· #1: UL gap should be explicitly configured and activated/deactivated directly by RRC signaling
· #2: UL gap should be explicitly configured by RRC and activated and deactivated by 
· Option 1: MAC CE (Ericsson, Sony)
· Option 2: UAI (Apple)
· Option 3: implicit indication in addition to explicit indication (Nokia)
	Company
	Comments

	XXX
	

	Apple
	We are open to both option 1 and option 2. Option 3 is already supported by implementation. 
· UAI can be used for approach #1 (#1: UL gap should be explicitly configured and activated/deactivated directly by RRC signaling), to feedback UE preferred UL gap configuration, together with activation/de-activation request. 
· MAC CE can be used for approach #2 (#2: UL gap should be explicitly configured by RRC and activated and deactivated by MAC CE).  


	Ericsson
	Option 1

	Sony
	Option 1

	Huawei
	We noticed that there are some similar discussion in RAN2 on the signaling, in RAN4 we just need to make it clear of the UL gap mechanism, whether MAC CE or UAI should be left to RAN2 to decide

	ZTE
	Option 1 is enough.  No need to consider Option 2 and Option 3.

	vivo
	Support option 1 as baseline. For option 2, maybe it is not configuration and can be further discussed.

	Nokia
	Concerning configuration of UL gap: 
We believe that RAN4 could initially agree that the UL gaps are configured by the network using RRC configuration. 
We also believe that RAN4 could secondly agree that the UL gaps are deconfigured by the network using RRC configuration. 
Then related to activation and deactivation of UL gaps: 
· The UL gaps can be activated when configured (using RRC signalling). 
· The UL gaps may additionally be activated and deactivated using MAC command 
· The UL gaps are deactivated when deconfigured (using RRC signalling). 
UE indication of ‘need for UL gaps’ following proposals are listed:  
· Use UAI 
· Implicit indication from UE (by use of existing signaling) 
· Explicit indication from UE 
UE indication of ‘no need for UL gaps’ following proposals are listed:  
· Use UAI 
· Implicit indication from UE (by use of existing signaling) 
· Explicit indication from UE 
In general, we see that all signaling details shall be left for RAN2. RAN4 can indicate the needed functionality to RAN2. However, RAN4 would need to decide on the detailed functionality as listed above. 
Our preference is following: 
1) Solution shall include RRC configuration and activation of UL gaps. 
2) Solution shall include RRC deconfiguration (and deactivation) of UL gaps 
3) Solution shall include implicit activation and deactivation 
As the RRC configuration is mandatory (prerequisite to support any UL gap solution) RAN4 should ensure that all information needed by RAN2 for defining the RRC signaling should be prioritized. We are fine also discussing additional activation/deactivation means. 


	Qualcomm
	Option 1

	Intel
	Option 1



Sub-topic 2-3: other issues
· Issue 2-3-1: Whether UE discard UL transmission (pre-)scheduled and configured by NW, e.g. PUCCH, PUSCH, SRS, in an activated gap? Whether UE is allowed to transmit PRACH within and activated UL gap
	Company
	Comments

	XXX
	

	Apple 
	Once the UL gap is configured, and activated, the UE will perform BPS sensing in the UL slot. Network should not schedule dynamic UL transmission during the gap slot in any of the FR2 cells, and all periodic and semi-persistent UL transmission in the UL gap slots are dropped. No PRACH transmission in the activated UL gap slot.   
The UE transmits control information (ACK/NACK) in the UL symbols of the special slots to minimize the impact on DL throughput.  

	ZTE
	In order to guarantee UE can do BPS during active UL gap occasion, UE should not transmit any UL transmission including dynamic scheduled by NW or semi-static configured by NW during active UL gap occasion. The rule is applicable to all UL transmission, of course including PRACH.
Keep no conflict between UL gap occasion and UL transmission by NW implementation. 

	OPPO
	When ULGAP is configured it can only be used as detection and NW shouldn’t schedule transmission in this time slot.

	vivo
	Similar to DRX operation and such issue can be further discussed in RAN2.

	Nokia
	A UE will not transmit in an UL gap. 

	Qualcomm
	We do not agree with the idea of NO-Tx-At-ALL.
For example, PRACH can be used for BPS or some other reason to get any form of performance gain in UL gap. Whatever signal/channel/senso UE uses for that is up to UE implementation. And there can be more cases where PRACH transmission should be allowed.
If RO overlaps with UL gap, UE should be allowed to transmit PRACH. Whether to transmit PRACH on RO within UL gap is up to UE decision. For example, if UE ran into RLF, BFD, UL TA timer expiration, etc, UE can prioritize link recovery, UL TA acquisition, etc.
If UE has to perform conditional HO, UE should be allowed to transmit PRACH to a target cell.
If all those are not allowed, performance impacts due to a large UL-MGL/UL-MGP in “Sub topic 2-1” shall be re-evaluated in terms of L1 link recovery delay, L3 mobility latency, etc.

And for “ACK/NACK in UL symbols of special slot” from Apple’s comment, does that mean special slot will be exempted from UL gap configuration? And UL symbols in special slots are typically used for SRS transmission not for PUCCH. Even if PUCCH is scheduled in special slots, there will be restriction on PUCCH format.

	Intel
	Network should not expect any UL transmissions during the UL gap



· Issue 2-3-2: Whether UE gap configuration and activation is common across bands or up to a separate UE capability.
	Company
	Comments

	XXX
	

	Apple
	The FR2 UL gap should not impact any transmission/reception in FR1. UE is expected to have separate RF and baseline processing for FR1 and FR2, i.e. support per-FR measurement gap capability.    
We thus proposed UE support FR2 UL gap must support per-FR measurement gap capability.  

	ZTE
	We agree with Apple. Only the UE supporting per-FR measurement gap can support FR2 UL gap.

	OPPO
	UL gap is needed only for the band with MPE issue, i.e. PMPR is applied, and not needed for bands without MPE issue. When one band is configured with UL GAP, whether the other band also has to be configured with UL gap rely on whether these two bands share the same hardware. If same hardware is used, then UL gap is needed for all the bands. Considering different UE implementations, the capability should be per band reported.

	vivo
	Same view as Apple

	Nokia
	We see this discussion depends on the UE UL allocation. If UE does not support UL CA in FR2 this may not be an issue. Otherwise, our question is whether any UL in an UL gap would decrease the BPS performance? 

	Qualcomm
	It shall not be tied to per-FR MG capability.
It should be enough just to say ‘no interruption across FR’, and that can be a prerequisite condition for support of UL gap. If needed, the prerequisite can be simply hard-coded in spec.

	Intel
	Agree with Apple that UE supporting FR2 UL gap must support per-FR measurement gap capability
At the same time UE can have separate RF in FR2 CA. Propose to further study the case of UEs capable of independent beam management for FR2 inter-band CA.



· Issue 2-3-3: Whether and how to adjust UL gap boundary from UE perspective, e.g. if UL gap boundary should be advanced by TA, whether UL gap is valid or not when UE doesn’t have a valid TA
	Company
	Comments

	Apple
	UL gap is activated for UE will large UL data traffic to be transmitted. The UE will always have valid TA in this case. UL gap follows normal UL slots after TA. It should be noted that the UE will transmit the UL symbols in the special slot right before the UL gap slot. For example, in DDDSU, the UE will transmit the UL symbols within the S slot, and TA is included in the gap symbols in the S slot.   

	vivo
	Yes, TA should be considered.

	Nokia
	UL gaps follow UL transmission. They puncture UL transmissions and have no impact on other slots. 

	Qualcomm
	Which part of spec says “TA is always valid”?
Anyway, the main question here is what is the slot boundary from UE perspective for UL gap? Should it be advanced by TA?

	Intel
	UL gap should be aligned with the UL slot boundary; TA should be considered



· Issue 2-3-4: Whether and how to extend UL gap length when the gap partially/fully overlaps with non-UL slots, e.g. DL slot, flexible slot, etc.
	Company
	Comments

	Apple
	Based on the tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, the UE determines the static UL slots. UL gap slots are the continuous UL slots signaled by duration field at the beginning of the UL gap periodicity. Even though some of the flexible slots/symbols can be further dynamically configured to DL or UL or mixed DL/UL slot using group common DCI 2-0, those UL slots are not considered for UL gap slots to make design simple.
Within the UL gap, UE will only use the static UL slots for sensing so non-UL slots will have no impact and thus require no special action.
Proposal: UL gap location is determined by UL gap configuration and tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated.    

	ZTE
	Such conflict between UL gap and ‘D’ symbol should be avoided through NW configuration, i.e. NW will not configure UL gap occasion during ‘D’ symbols. So there is not any UL gap configuration impact.

	vivo
	Up to RAN2. Simplest solution should be considered firstly.

	Nokia
	In our view UL gaps are of fixed length. However, when designing the UL GP’s it is important that the UGL contain enough UL slots for the UE to be able to perform necessary BPS measurements. 

	Qualcomm
	If common understand here is ‘no conflict b/w TDD config and UL gap’, then we don’t have to define any rule but such a restriction should be spelled out somewhere in spec.

	Intel
	UL gaps should occupy only UL slots, which should be controlled by correct NW configuration



· Issue 2-3-5: Whether any UE autonomous transmission in an activated UL gap should be confined within active UL BWP
	Company
	Comments

	Apple
	It is not clear what UE autonomous transmission means. Is it Uu transmission scheduled by configured grant? If so, as proposed in issue 2-3-1, the UL transmission within FR2 is dropped.  


	vivo
	Our understanding to antonomous transmission is e.g. BPS signal. 
If so, we do not think this is necessarily within the active BWP.

	Nokia
	See Issue 2-3-1 

	Qualcomm
	Here UE autonomous transmission is not for Uu. In our understanding, UE can transmit any signal unless it affects gNB performance. Then, the question is whether the signal shall be confined within UL BWP or it can be anywhere.

	Intel
	Agree with vivo. We do not expect BPS signal to be transmitted in FR2



· Issue 2-3-6: Provide information on the operation mechanisms of the radar/BPS, e.g. does it need a long transmission over a single gap, or it needs to transmit over multiple short gaps?
	Company
	Comments

	Apple
	BPS operation needs to average over different samples to improve the detection performance. Averaging over a longer UGL per periodicity is one method to improve the detection performance.
We think the gap configuration should accommodate different UE implementation.

	vivo
	The impact to spec is not clear.

	Nokia
	As discussed under Issue 2-1 it is important for RAN4 to know which needs the UEs would have in terms of number of BPS measurements and repetition pattern conditions in order to account this when defining the UL GPs. 
It is not enough just to decide an overhead number. 
Hence, would the UE need many consecutive measurements? And within a limited window? (Both these impact UGL). And how often would such one or multiple measurements need to be repeated (this impacts UGRP)? 
To Apple: It is not feasible to accommodate different UL gap pattern requests from all UEs in the field. There would need to be a selected set of patterns which RAN4 need to decide. Hence, if Apple have more detailed information related to #of measurements per gap, gap periodicity that would be useful. 




· Issue 2-3-7: on UE capability to support the UL gap
	Company
	Comments

	Apple
	We prefer to allow UE to report which UL gap it supports.

	vivo
	We agree with Apple’s view

	Nokia
	It would be our assumption that this is UE capability. We have preference for only defining a limited set of gaps and make those mandatory. Defining a large number of gaps of which some are optional will make it complicated in the field deployment 

	Intel
	Since different UE implementations of BPS are possible, the UE capability on which UL gap is supported is needed.



· Issue 2-3-8: on the impact on measurement gap due to UL gap
· Proposal: No impact on measurement gap configuration and requirement due to UL gap.     
	Company
	Comments

	Apple
	The UL gap configuration is independent of measurement gap configuration in FR2. When measurement gap is configured, it is up to UE’s implementation whether and how the UE uses the UL slots within the configurated measurement gap. We do not expect any impact on measurement gap configuration or requirement.   


	ZTE
	Agree with the Proposal given by moderator.

	Nokia
	We can conditionally support this proposal 
Question for clarification: 
Does this also apply if the UL gaps are allocated within the SMTC? 

	Qualcomm
	FFS

	Intel
	Agree with the Proposal




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 

	Sub topic 2-1: Gap configuration

	Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Proposed agreements:
· The same requirements should be specified for all gap configurations
· In R17, the following 3 gap configurations are introduced
	 
	UGL [ms] 
	UGRP [ms] 
	overhead 
	Optionality

	UL MGP #0 
	1.0 
	20 
	5% 
	optional

	UL MGP #1 
	1.0 
	40 
	2.5% 
	mandatory

	UL MGP #2 
	0.5 
	160 
	~0.31% 
	optional




	Sub-topic 2-2: UL gap configuration/activation and the signaling

	Status summary:

Recommendations for 2nd round:
Proposed agreements:
· UL gaps are configured by the network using RRC configuration. 
· UL gaps are deconfigured by the network using RRC configuration. 
· Related to activation and deactivation of UL gaps: 
· The UL gaps can be activated when configured (using RRC signalling). 
· The UL gaps can additionally and optionally be activated and deactivated using MAC command after UL gap is configured by RRC Signaling
· E.g. After UL gap is configured and activated by RRC signalling, UL gap can be further deactivated using MAC CE
· The UL gaps are deactivated when deconfigured (using RRC signalling). 

As agreed in RAN4#100e,
On how can UE indicate to the NW UL gap activation/de-activation is needed:   
· UL gap should be explicitly activated by NW via signaling 
· How can UE indicate to the NW UL gap activation is needed?
· If needed, UE explicitly indicates to NW by signaling
· UL gap should be explicitly deactivated by NW via signaling
· How can UE indicate to the NW UL gap deactivation is needed?
· If needed, UE explicitly indicates to NW by signaling

With the agreement that UE can explicitly indicate to NW on “need for UL gap” and “no need for UL gap”, RAN4 will leave the detailed singaling design to RAN2 


	· Issue 2-3-1: Whether UE discard UL transmission (pre-)scheduled and configured by NW, e.g. PUCCH, PUSCH, SRS, in an activated gap? Whether UE is allowed to transmit PRACH within and activated UL gap

	Status Summary:

Recommendations for 2nd round:
Proposed agreements:
· Once the UL gap is configured, and activated, the UE will perform BPS sensing only in the static UL slot, i.e. no DL slot or special slot will be used as UL gap. In case of DDDSU and DDSUU for example, the following figure depicts the available slots for UL gap.
[image: ]
· No UL transmission is expected during UL gap
· It is FFS when PRACH collides with UL gap 

	· Issue 2-3-2: Whether UE gap configuration and activation is common across bands or up to a separate UE capability.
· 
	Status Summary:
Proposed agreements:

Recommendations for 2nd round:
Proposed agreements:
Status Summary:
Proposed agreements:
No interruption across FR. 
FFS: UE support FR2 UL gap must support per-FR measurement gap capability
 

	· Issue 2-3-3: Whether and how to adjust UL gap boundary from UE perspective, e.g. if UL gap boundary should be advanced by TA, whether UL gap is valid or not when UE doesn’t have a valid TA
· 
	Recommendations for 2nd round:
Proposed agreements:
UL gap slot is static UL slot. UL gap slot follows general UL slot boundary, as shown in 2-3-1, where TA is applied.  

	· Issue 2-3-4: Whether and how to extend UL gap length when the gap partially/fully overlaps with non-UL slots, e.g. DL slot, flexible slot, etc.
· 
	Status Summary:

Recommendations for 2nd round:
Refer 2-3-1
Proposed agreements:
No conflict b/w TDD config and UL gap. UL gap is always configured in static UL slot based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated.    

	· Issue 2-3-5: Whether any UE autonomous transmission in an activated UL gap should be confined within active UL BWP
· 
	Note:
As long as 3GPP requirement is met, BPS transmission is implementation specific. 

Recommendations for 2nd round:
No further discussion is needed. 


	· Issue 2-3-6: Provide information on the operation mechanisms of the radar/BPS, e.g. does it need a long transmission over a single gap, or it needs to transmit over multiple short gaps?
· 
	Note:
Based on Apple’s comment, BPS operation needs to average over different samples to improve the detection performance. Measurements across consecutive UL slots can improve the detection performance.

Recommendations for 2nd round:
Merge the discussion to sub-topic 2-1, UL gap configuration.  

	· Issue 2-3-7: on UE capability to support the UL gap

	Recommendations for 2nd round:
Merge the discussion to sub-topic 2-1, UL gap configuration.  


	· Issue 2-3-8: on the impact on measurement gap due to UL gap

	To Nokia on if the UL gaps are allocated within the SMTC? 
Moderator: for SMTC of intra-frequency cell, no collision between UL gap and SMTC is expected. For SMTC of inter-frequency cell, SMTC should be part of measurement gap, which should not be impacted by UL gap 
Proposed agreements:
No impact on measurement gap configuration and requirement due to UL 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”.
Issue-2r-2-1: On UL gap configurations
Proposed agreements:
· In R17, the following 3 gap configurations are introduced and the same requirements should be specified for all gap configurations
	 
	UGL [ms] 
	UGRP [ms] 
	overhead 
	Optionality

	UL MGP #0 
	1.0 
	20 
	5% 
	optional

	UL MGP #1 
	1.0 
	40 
	2.5% 
	mandatory

	UL MGP #2 
	0.5 
	160 
	~0.31% 
	optional



	Company
	Comments

	Qualcomm
	Qualcomm: Is UL-DL patterns still followed. E.g. does UL_MGP #0 mean that there are 1.0 msec worth of UL slots for MPE scan withing 20 msec duration? 1 msec w 120 kHz SCS is 8 slots, so are they for example in bundles of 2 slots? One of the UL_MGPs need to 5 msec periodicity and one slot for gap length. It is not very clear if these include one or not. 
Edit: since no-one explains how these work if 8 consecutive slots are not available, we cannot agree with the patterns. It has been shows that reliable human hand motion detection needs 5 msec periodicity. This should also help with  error margin problem presented in Apples paper. 


	Huawei
	Considering larger UGL, we are fine for above gap configurations.

	Nokia
	We can agree going forward with the 3 proposed UL BPS gap patterns.
However, it is not clear if we can agree only having 1 mandatory while two UL GPs remain optional for UE (and gNB). As discussed during last meeting and this meeting we may encounter issues with only having 1 dense UL GP. 
We suggest listing also UL MGP#2 as mandatory as well and if that is not agreeable for the group in this meeting we are also fine leaving it as FFS for next meeting.

	Intel
	We would like to repeat our concerns from the 1st round.
We don’t think that overall overhead is a good metric. DL slots are not affected by UL gaps, so overhead should be considered only for UL, and typically TDD configuration is DL oriented with small number of UL slots. UL overhead will be much larger than that used in the table. E.g., for typical DDDSU configuration 5% of overall overhead lead to ~25% of UL overhead. 
Could please proponents clarify what is the difference in detection performance of BPS for different UGL, so that we could understand the trade-off between UL overhead and detection benefits, rather than blindly agree on the overhead. 
In case if RAN4 want to allow different BPS implementations which have different impact of UGL on detection performance, we may need more UL MGP 
None of UL MGP in the table seem to be possible for typical DDDSU configuration since UGL is larger than 1 slot. Unless the gap inside UGL is discontinuous.

	Apple
	Response to Intel: UL gap slot are consecutive UL slots. Example is shown in issue 2-3-1, with DDDSU and DDSUU configuration. In this example, only 8 consecutive static UL slots are used for UL gap. The duty cycle is defined by UGL/UGRP. With different TDD configuration, it will map into different UL overhead. 
Detection performance of BPS, e.g., detection probability and false alarm, will improve with larger UGL in general. 
Response to Nokia: we are fine to keep UL gap #2 optionality as FFS.




Issue-2r-2-2: On UL gap related NW configurations/activation and signaling
Proposed agreements:
· UL gaps are configured by the network using RRC configuration. 
· UL gaps are deconfigured by the network using RRC configuration. 
· Related to activation and deactivation of UL gaps: 
· The UL gaps can be activated when configured (using RRC signallingignaling). 
· The UL gaps can additionally and optionally be activated and deactivated using MAC command after UL gap is configured by RRC Signaling
· E.g. After UL gap is configured and activated by RRC signallingignaling, UL gap can be further deactivated using MAC CE
· The UL gaps are deactivated when deconfigured (using RRC signallingignaling). 

As agreed in RAN4#100e,
On how can UE indicate to the NW UL gap activation/de-activation is needed:   
· UL gap should be explicitly activated by NW via signaling 
· How can UE indicate to the NW UL gap activation is needed?
· If needed, UE explicitly indicates to NW by signaling
· UL gap should be explicitly deactivated by NW via signaling
· How can UE indicate to the NW UL gap deactivation is needed?
· If needed, UE explicitly indicates to NW by signaling

With the agreement that UE can explicitly indicate to NW on “need for UL gap” and “no need for UL gap”, RAN4 will leave the detailed singaling design to RAN2 
	Company
	Comments

	Qualcomm
	Qualcomm: RRC vs MAC-CE should be up to ran2 discussion. So we can not agree with anything in this proposed agreement in ran4


	Nokia
	It should not be a problem for RAN4 to decide how RAN4 see the configuration, control of UL GPs and the UL gap pattern design – this is also done earlier e.g., when designing DL GPs and in the ongoing discussion related measurement gap pattern enhancement WI. Hence, RAN4 can identify how the UL gap pattern functionality should be and inform RAN2 about the technical details while leaving it to RAN2 to decide the actual signalling design.
To enable the UL gaps for BPS in Rel-17 there would at least be a need to have RRC configuration and control. We are open whether MAC control should be optional, but we do not see it as a necessity to enable UL gaps. Hence, this can be informed in the LS to RAN2 when informing the UL gap pattern details.

	Apple
	We agree with Nokia’s view.
In RAN4 100-e, it was agreed that: Two approaches will be considered
· #1: UL gap should be explicitly configured and activated/deactivated directly by RRC signaling
· #2: UL gap should be explicitly configured by RRC and activated and deactivated by MAC CE
The proposed agreement is a clarification so RAN2 has clear understanding of the procedure discussed in RAN4.



Issue-2r-2-3-1: Whether UE discard UL transmission (pre-)scheduled and configured by NW, e.g. PUCCH, PUSCH, SRS, in an activated gap? Whether UE is allowed to transmit PRACH within and activated UL gap
Proposed agreements:
· Once the UL gap is configured, and activated, the UE will perform BPS sensing only in the static UL slot, i.e. no DL slot or special slot will be used as UL gap. In case of DDDSU and DDSUU for example, the following figure depicts the available slots for UL gap.
[image: ]
· No UL transmission is expected during UL gap
· It is FFS when PRACH collides with UL gap 
	Company
	Comments

	Qualcomm
	Qualcomm: UE is not expected to be scheduled with UL transmissions during the gap. Details FFS e.g. RACH.


	 Huawei
	Support, the UE will focuses only on BPS during UL gap.

	Nokia
	We think we go forward with this baseline agreement. We understand the proposal that UE is only allowed to perform BPS in the allocated UL gaps and is not allowed to use other occasions (UL and/or DL)
Our understanding is that the UL gaps are assumed being performed in consecutive UL slot allocations – we hope this is correct?

	ZTE
	Agree with the proposed agreements.
UE is not expected to be scheduled with any UL transmissions during the gap.
UE is not expected to transmit PRACH within activated UL gap occasion.

	Intel
	Same question as Nokia. Is it correct understanding that UL gaps are performed in consecutive UL slot allocations?

	Apple
	Response to Nokia and Intel: Yes. UL gaps are consecutive UL slots, no impact to DL or Flexible slots. UGL indicates the number of consecutive static UL slots configured as UL gap per UGRP.




Issue-2r-2-3-2: Whether UE gap configuration and activation is common across bands or up to a separate UE capability.
Proposed agreements:
No interruption across FR. 
FFS: UE support FR2 UL gap must support per-FR measurement gap capability
	Company
	Comments

	Qualcomm
	Qualcomm: Not tied to per-FR meas gap but ok to agree that FR2 UL gap does not cause FR1 interruption.


	Nokia
	We can agree that on the proposal that UL gaps in FR2 have no impact on FR1 operations.
It is not clear why this needs to be tied to DL measurement gap capability. However, we agree that UL gaps for BPS is only for FR2 and UL gaps are only allocated in FR2.

	Intel
	We agree that there is no interruption across FR
At the same time UE can also have separate RF in FR2 CA. Propose to further study the case of UEs capable of independent beam management for FR2 inter-band CA.

	Apple
	UL gap is for FR2, regardless IBM or CBM.



Issue-2r-2-3-3: Whether and how to adjust UL gap boundary from UE perspective, e.g. if UL gap boundary should be advanced by TA, whether UL gap is valid or not when UE doesn’t have a valid TA
Proposed agreements:
UL gap slot is static UL slot. UL gap slot follows general UL slot boundary, as shown in 2-3-1, where TA is applied.  
	Company
	Comments

	Qualcomm
	Qualcomm: UL gap slot is static UL slot. UL gap slot applies same TA as other UL slots.



	Nokia
	We can support the proposed agreement. Hence, UL gaps are statis in UGL and UGRP.

	Apple
	Support the proposed agreement. 



Issue-2r-2-3-4: Whether and how to extend UL gap length when the gap partially/fully overlaps with non-UL slots, e.g. DL slot, flexible slot, etc.
Proposed agreements:
No conflict b/w TDD config and UL gap. UL gap is always configured in static UL slot based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated.    
	Company
	Comments

	Qualcomm
	Qualcomm: Ok but the IE names would need to be removed for clarity.


	ZTE
	Agree with the proposed agreements.
Just a wording suggestion, since tdd-UL-DL-ConfigurationDedicated can not exist, so the ‘and’ should be ‘and/or’.

	Apple 
	For simplicity, we are OK to remove the IE name. 



Issue 2r-2-3-6: Provide information on the operation mechanisms of the radar/BPS, e.g. does it need a long transmission over a single gap, or it needs to transmit over multiple short gaps?
Merge the discussion to sub-topic 2-1, UL gap configuration.  
Issue 2r-2-3-7: on UE capability to support the UL gap
Merge the discussion to sub-topic 2-1, UL gap configuration.  

Issue 2r-2-3-8: on the impact on measurement gap due to UL gap
Proposed agreements:
No impact on measurement gap configuration and requirement due to UL gap.     

	Company
	Comments

	Qualcomm
	Qualcomm: Can not agree with this. Need more time and discussion.  


	Apple
	We agree to further discuss in next meeting. 
Would Qualcomm elaborate a bit more on the concern?  



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

	R4-2118969
	Anritsu Limited
	Observation 1: Section 6.4D.4 does give the requirements but extra details are necessary to avoid different assumptions between TE vendors and maintain consistency.
Proposal 1: Create a section in the Annex F of the 38.102-2 where details of the relative power error and relative phase errors and their measurements can be added as appropriate.


	R4-2119118
	ZTE Corporation
	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.


	R4-2119185
	Ericsson, Sony
	Observation 1: For Approach 1 no “normal” gaps are needed to be pre-configured over RRC.
Given Observation 1 above it can be questioned if this method (Approach 1) belongs to this part of the Work Item.
Observation 2: The details of the UL gap for any of the approaches is not fully described, e.g., number of slots used by the UE, Tx activity for approach 2, impact on RAN2 signalling of gap configuration for approach 2.
Observation 3: It’s indicated in [2],[3] that there is no impact on performance (for any of the approaches) loss caused by the calibration in UL. However, given observation 2 above, we believe that it’s too early to state no performance impact.
[bookmark: _In-sequence_SDU_delivery]Proposal 1: Investigate the impact of RAN1 specifications for Approach 1.
Proposal 2: Investigate the impact of RAN2 specifications for Approach 2 (gap configuration).
Proposal 3: Further discuss (and settle) the details of gap length and periodicity for both approaches.
Proposal 4: Further investigate the performance impact of the two approaches. For Approach 1 the impact of less PUSCH slots in combination with limitation of DMRS in the gap, for Approach 2 the impact of periodicity/length of gaps.


	R4-2118771
	Nokia, Nokia Shanghai Bell
	Observation 2: Gains should be shown between coherent MIMO without the gaps and coherent MIMO with the gaps.


	
	
	



Open issues summary
· Approach 1 (Huawei):
As shown in Fig 3, the calibration gap could be configured at the first X symbols(X can be 2OS) of the PUSCH transmission, UE still transmit PUSCH in the gap period with the configured precoder that depending on SRS measurements. Simultaneously, UE can also detect and calculate the phase difference on each PUSCH port compared with the SRS signal just transmitted. theoretically, UE could compensate the phase difference in very high accuracy cause Baseband do the calculation and compensation.
[image: ]
Fig 6 UE could calculate and compensate the phase difference on the gap period
It is worth noting that several problems could be considered more for the coherence calibration from spec perspective:
1. DMRS position: considering gNB side will use DMRS for channel evaluation, if DMRS is configured within the gap period, then the left compensated symbols are not demodulated with correct channel evaluation result. So for this case, we think gNB and UE need to know the calibration gap configuration and avoid DMRS configured in the calibration gap. 
2. The network impact introduced by the gap: considering UE still transmit PUSCH on the calibration gap, and the gap is only required when there is PUSCH scheduling with MIMO. So actually there is no influence on network performance caused by the gap. The only improvement is UL performance gain.
· Approach 2 (Huawei):
As shown in Fig 3, gap period can be also outside the PUSCH transmission, it occupies additional symbols, which is similar as gap for proximity calibration. However, this gap can be adjacent to PUSCH transmission, UE can adjust the phase difference between last transmitted SRS in this period. The transmit power need to meet off power requirement, such that the gap can be configured to other users. It is also worth noting that, with this case, UE need to know the PUSCH transmission phase status in advance, the compensation accuracy would rely on more calibration work.
[image: ]
Such gap pattern are just examples for coherence calibration, it still need RAN4 to further study in phase II.

Issue 3-1: On two approaches
Ericsson:  Investigate the impact of RAN1 specifications for Approach 1. Investigate the impact of RAN2 specifications for Approach 2. Further investigate the performance impact of the two approaches. For Approach 1 the impact of less PUSCH slots in combination with limitation of DMRS in the gap, for Approach 2 the impact of periodicity/length of gaps
ZTE: 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.
Issue 3-2: details of the relative power error and relative phase errors and their measurements
Anritsu: Create a section in the Annex F of the 38.102-2 where details of the relative power error and relative phase errors and their measurements can be added as appropriate.
Companies views’ collection for 1st round 
Open issues 
Issue 3-1: On approach 1 and 2
· Have the gains of both approach 1 and 2 been shown?
· Can approach 1 and 2 potentially impact other WG?
· What’s the gap configuration (e.g. gap length and periodicity) for approach 1 and 2?

	Company
	Comments

	Apple
	Both approaches can be used for UL coherent MIMO calibration, when any of the defined events happens between UL transmission and SRS transmission. Performance gain is observed in this case.    

	Huawei
	•	Have the gains of both approach 1 and 2 been shown?
YES, before it is explained, we need to clarify two facts: (1) The relative power and phase between last transmitted SRS and consecutive PUSCHs are well controlled when side conditions do not occur. (2) Once the side conditions occur, the existing UEs have large relative power and phase errors due to RF components and cannot meet the coherent requirement, which leads to greatly reduce the performance gain of UEs. To solve this problem, the UL gap is proposed to calibrate and reduce the relative amplitude and power errors between ports. In our understanding, “the gaps” is “calibration”. Consequently, “coherent MIMO without the gaps” means that MIMO with large relative power and phase errors (e.g. 90°), which do not uses the full coherent codebook due to the current spec, only uses the non-coherent codebook, and “coherent MIMO with the gaps” means that MIMO with small relative power and phase errors after calibration (e.g. 20°/40°) uses the full coherent codebook. If so, gains between “coherent MIMO without the gaps” and “coherent MIMO with the gaps” have been shown in R4-2114492. When relative phase errors are reduced to 40° and 20°, mean TP gain is about 28% and 36%, respectively, compared to “coherent MIMO without the gaps”. The impact of gap overhead on TP is not considered in simulation. It is foreseeable that the gain will be significant since only a few (e.g. 2 OS) symbols are needed for calibration in consecutive PUSCHs.
•	Can approach 1 and 2 potentially impact other WG?
Considering that DMRS position is different and NW may trigger the UE to calibrate in gap, approach 1 may impact RAN 1 and RAN 2. As Moderator said the UE need to know the PUSCH transmission phase status in advance, approach 2 impact RAN 2.
•	What’s the gap configuration (e.g. gap length and periodicity) for approach 1 and 2?
From our perspective, a few (e.g. 2 OS) symbols are enough. The gap periodicity should be the same as the side condition periodicity, the example could be:
If the side condition occurs periodically, the gap may be configured by RRC or MAC-CE.
If not periodically, the gap may be triggered by DCI or MAC-CE.

	ZTE
	There is obvious shortcoming for Approach 1 proposed by other companies during last meeting.


 
Issue 3-2-1: details of the relative power error and relative phase errors and their measurements
· Proposal : Create a section in the Annex F of the 38.102-2 where details of the relative power error and relative phase errors and their measurements can be added as appropriate.
	Company
	Comments

	Apple
	We support the effort to further clarify this. 

	Huawei
	Support. The description of relative errors in the current spec is not clear, and this needs to be clearly defined and aligned across companies, which facilitates requirement enhancement and UE calibration implementations.

	Qualcomm
	It might make sense to correct the requirement to EVM based definition. Explicit phase measurement is not easy. But clarifications are always good. 



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: On approach 1 and 2

	Recommendations for 2nd round:
Proposed agreements:
The gain and feasibility of approach 2 can be confirmed.  

	Issue 3-2-1: details of the relative power error and relative phase errors and their measurements

	Recommendations for 2nd round:
Proposed agreements:
· Create a section in the Annex F of the 38.102-2 where details of the relative power error and relative phase errors and their measurements can be added as appropriate.





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”.
Issue 2r-3-1: On approach 1 and 2
Proposed agreements:
The gain and feasibility of approach 2 can be confirmed.  
· Approach 2:
As shown in the figure below, gap period can be also outside the PUSCH transmission, it occupies additional symbols, which is similar as gap for proximity calibration. However, this gap can be adjacent to PUSCH transmission, UE can adjust the phase difference between last transmitted SRS in this period. The transmit power need to meet off power requirement, such that the gap can be configured to other users. It is also worth noting that, with this case, UE need to know the PUSCH transmission phase status in advance, the compensation accuracy would rely on more calibration work.
[image: ]
Such gap pattern are just examples for coherence calibration, it still need RAN4 to further study in phase II.


	Company
	Comments

	Qualcomm
	Qualcomm: Can we spell out the “approach 2” here in the agreement and make the agreement explicit so that we do not have to discuss what exactly was approach 2 in next meeting?


	Huawei
	To Qualcomm: Basically consistent with the above description about approach 2, requirements, conditions for triggering the gap and the example figure has been updated.
Gap occupying multiple symbols should be adjacent to PUSCH transmission, as shown in the following figure, and UE can adjust the phase difference between last transmitted SRS and PUSCH transmission. Requirements to be tested can be the same as the gap for BPS. The gap depends on side conditions including DRX on, BWP switching, SRS switching, DL measurement gap, etc. Once the side condition occurs, the gap should be triggered to detect the phase error before PUSCH transmission. If no side conditions, periodically triggered gap is not necessary. It is also worth noting that, with this case, UE need to know the PUSCH transmission phase status in advance, the compensation accuracy would rely on more calibration work.
[image: ]
Such gap pattern are just examples for coherence calibration, it still need RAN4 to further study in phase II.


	Nokia
	We agree with Qualcomm’s comment that it is important to define in any potential agreement what approach 2 means. While approach 2 may be feasible, additional information on the achievable and sufficient gains in the UE minimum requirements have not been provided. Therefore, the needed gains cannot be confirmed and therefore, the proposed agreements are not acceptable to us.  Could the moderator please clarify what new results are used as basis for proposing to confirm the gains for the approach 2?

	Huawei
	To Nokia, 
To enable the coherent UL MIMO to obtain the real coherent gain when side conditions including DRX on, BWP switching, etc. happens, the gap is proposed to calibrate and reduce the relative amplitude and power errors between ports. The real coherent gain is essentially derived from the coherent codebook. Hence, gains between “coherent MIMO without the gaps” and “coherent MIMO with the gaps” are about 30% and have been shown by LLS and SLS simulation in R4-2114492 and R4-2111383.The performance gain introduced by the gap can go with one of following options:
Option1: the UL MIMO performance is improved by calibration under side condition, which can be proved in performance throughput test.
Option2: we consider whether 40 degree and 4dB requirement need to enhance further, and it is observed there is about 8% mean TP gain and max TP gain when compared between 20 degree and 40 degree phase error in R4-2114492.
Which option is preferred by Nokia? Either one is ok for us.

	Apple
	We support proposed agreement. There are sufficient discussion and results to conclude the study phase.
Both option 1 (remove side condition) and option 2 (tighten RF requirement with the side condition) can be used as enhanced requirement.    



Issue 2r-3-2-1: details of the relative power error and relative phase errors and their measurements
Proposed agreements:
· Create a section in the Annex F of the 38.102-2 where details of the relative power error and relative phase errors and their measurements can be added as appropriate.
Companies are encouraged to provide the comments on the following questions
· Symbols used for calculation
· It is clear that the reference is the “last SRS transmitted”. Regarding the symbols used in each slot, should the calculation made based on only the DMRS symbols or it be based DMRS+Data symbols?
· The relative phase and power errors for each slot, should it be an instantaneous or an average over a slot?
· What RF correction in the TE should be enabled. The frequency error correction should be enabled as if uncorrected would lead to phase rotation and so phase error.
· [bookmark: _Hlk85795884]Even if “power” implies “power measurement” and so is associated with “mmWave”, it should be made clear by formulas for both relative phase and power errors: what need to be assumed to avoid any misunderstanding i.e. is what is targeted “mmWave” (phase such as due to electrical length/power) or “modulation analysis” (phase/magnitude) related measurements.

	Company
	Comments

	Qualcomm
	Qualcomm: Maybe we can agree those details first and then decide where to put them. With this agreement we have to create something in the annex F without knowing what to put there. So can not agree with this wording. 


	[bookmark: OLE_LINK1]Anritsu
	Thanks a lot Yang for adding for that particular extract of the R4-2118969. As written above it, it is not intended to be a text proposal but a starting point for discussions, my apologies for not having created proposals corresponding to those bullet points in that contribution and ending-up discussing the issue in this format.
Even though, we proposed to add details in annex F, we are fine to put them somewhere else even in 6.4D.4. For example, for the EVM, the reading of 6.4.2.1 Error vector magnitude is clear already on the fundamentals of what the measurement is intended for, without having to read Annex F. The section 6.4D.4 could/should be also modified to reach the same level of clarity.
To give you the context, RAN5 is now looking at UL coherent MIMO measurements, and as for me who is a new RAN4 delegate, it is difficult for them to understand what is precisely intended to be measured from the reading of “6.4D.4 Requirements for coherent UL MIMO” of 38.101-2 (and 38.101-1) and even contributions having led to those requirements for FR2 (and FR1). 
From my discussions about the issue, I find quite astonishing the 4th bullet point, such fundamental point should be clear from the reading of 6.4D.4 but it is not. Is “coherent UL MIMO” mainly about cophasing of SRS antenna ports?
Can please companies give their understanding to the above bullet points?

	Huawei
	The main source of the relative amplitude and phase error is the large variation of the RF channel. When consecutive PUSCHs are transmitted in the same RF state, relative amplitudes and phases of all symbols are approximately the same. DMRS symbols, DMRS+Data symbols, instantaneous and an average over a slot have no significant influence on the calculation results of relative errors.
We are fine with what proposed in the WF, i.e. Details of the relative power error and relative phase errors and their measurements can be added as appropriate.

	Anritsu
	Thanks Huawei for your comments. The same requirements exist for FR1 (40° & 4dB of difference of relative phase/power errors), where the measurements are done at the antenna connectors. By “RF channel”, do you mean the UE Tx RF/mmWave chains and in the case of FR2 including the UE antennas?
Is it possible that there is a PA gain change (due to UE voltage or temperature) during the last PUSCH of the 20ms time window, and if the measurement is only done based on the DMRS that the relative phase/power errors are not detected? It may be safer to do average over DMRS+Data symbols.

	Apple
	Support the proposed WF. The remaining details can be further discussed in the next meeting. 





Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on UL gap for FR2
	apple
	

	LS on UL gap for FR2
	apple
	To: RAN2

	
	
	



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

	R4-2119962
	WF on UL gap for FR2CR on …
	appleXXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2119963
	LS on UL gap for FR2WF on …
	appleYYY
	Agreeable, Revised, Noted
	

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

	
	
	
	
	



Notes:
1) Please refer to R4-2119962 for the detailed agreements
Annex 
Contact information
	Company
	Name
	Email address

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

	Qualcomm
	Ville Vintola
	vvintola@qti.qualcomm.com

	Qualcomm
	CH Park
	chparkqc@qti.qualcomm.com

	Nokia
	Petri Vasenkari
	petri.vasenkari@noka.com

	Nokia
	Lars Dalsgaard
	lars.dalsgaard@nokia.com

	ZTE
	Chenchen Zhang
	zhang.chenchen@zte.com.cn



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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