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Introduction
In RAN 89e, new WID on NR RF enhancements for FR2 is approved [1] with the following objectives
· 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.
 
Topic #1: Study and identify the performance gain, evaluation and NW impact of UL gap
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2014218
R4-2016560
	Apple
	Observation 1: 	Due to the regulatory requirement on RF exposure limits, there is a need for UE to perform additional MPR as a function of peak Tx EIRP and uplink duty cycle.  For example, for a peak EIRP = 26 dBm and duty cycle = 20%, the required MPR is around 6 dB.
Observation 2: 	There exists a “critical range” for an NR FR2 radio, beyond which if a human target is present, no MPR is required to remain RF exposure compliant. 
Observation 3: 	There are many realistic mobile device (smartphone, tablet) handgrips, for which a human appendage does not lie in the field of view of a 5GNR mmW UL beam. In such scenarios, additional MPR could be avoided if human target presence/absence in close proximity could be detected by the UE equipped with an adequate proximity sensor. Such proximity sensing function can be useful even for other category of devices that transmit at higher power (eg. CPE for FWA applications).
Observation 4: 	Significant impact to UL throughput with QPSK and 16QAM is observed as a function of MPR:
· For QPSK, 12% to 75% reduction in UL throughput was observed as the MPR is varied between 1 dB and 8 dB.
· For UL 16QAM, 10% to 49% reduction in UL throughput was observed as the MPR is varied between 1 dB and 8 dB.
Observation 5:	Application of MPR to Transmit power has a significant impact (up to 33%) on UL range.
Observation 6:	Significant impact to system throughput observed for a channel BW of 100 MHz and Inter Site Distance of 200 meters:
· 5-percentile UL throughput reduced by 52% at an MPR = 6 dB.
· Mean UL throughput reduced by 13% at an MPR = 6 dB.
Observation 7: 	A Proximity Sensor (PS) may not be able to concurrently operate with a 5GNR FR2 transceiver. This requires gaps in the airtime of 5G NR FR2 operation to allow for PS operation.
Observation 8: 	By complying with existing spurious emission limits for FR2, no undue interference to the regular 5G NR FR2 signal for the given FR2 band is expected.
Observation 9: 
· Online transceiver calibration can mitigate the various impairments due to temperature variation in FR2 RF.   
Observation 10: 
· NW configured and UE specific self-calibration and monitoring gap without emission has minimum network performance impact.  
Proposal: 
· Introduce UE specific and NW configured gap for general self-calibration and monitoring purpose.  


	R4-2014393
	CATT
	Proposal: The behaviors of UE in UL gap should be identified such as if UE transmits signal in the gap, what’s Tx calibration signal details including BW, power level, etc before doing the studies in phase 1.

	R4-2014516
	Nokia, Nokia Shanghai Bell
	For progressing detailed evaluations RAN4 should first agree assumptions for the studies. In our view at least the following aspects should be considered and the corresponding assumptions agreed to allow companies to conduct comparable studies;
· UL gap assumptions like UL gap rate per UE using the Rel-15 consideration as a starting point and if feasible, even less frequent gaps could be studied.
· Agree self-calibration and monitoring areas to be studied for UL gaps i.e. agree explicit list of self-calibration and monitoring aspects i.e. if other aspects but the ones listed in the WID objectives [1] are to be considered for the study, they should be explicitly agreed.
· PA efficiency and power consumption
· Transceiver calibration due to temperature variation 
· UE Tx power management
· Others self-calibration and monitoring are not precluded
· Identify what kind of performance and requirement enhancements self-calibration could provide and what enhancements should be studied (e.g. reduced MPR etc) 
· Evaluate system impacts considering both losses due to UL gaps and performance enhancements

	R4-2014590
	Intel Corporation
	· Observation 1:  The following Tx requirements can be improved over current Rel-16 requirements with self-calibrations over UL gaps: Minimum peak EIRP, spherical coverage, MPR/AMPR, configured transmit power, IQ image and carrier leakage.
· Observation 2: UL gaps for self-calibrations should bring net throughput gains. Any throughput loss due to UL gaps should be compensated by throughput increase due to performance gain.

	R4-2014716
	Qualcomm Incorporated
	The first part of the WI should concentrate on the understanding the performance benefits over the current baseline Rel-16 requirements and then comparing those potential network impacts. The benefits visible to the network in UE UL domain are 
· more UL power to enhance the coverage
· less MPR allowance to enhance the high MCS coverage
· better EVM to improve throughput 
· Better emissions performance to reduce adjacent channel interference
· More accurate power control
Observation 1: WI suggests the benefit of the UL gaps should be visible in UE requirements compared to the Rel-16
Observation 2: What is UE behaviour in UL gap needs to be agreed for further analysis.
Our view is that the minimal impact to the network is when UE does not transmit at all i.e. conforms to the OFF-power requirements. UE can internally route the calibration signal and then network can re-use the resources to the other users. 
Proposal: UE behaviour during the gap is to conform to existing OFF power requirements 


	R4-2014963
	vivo
	Observation 1: Two types of gaps, i.e. RRG and TG were discussed in R15. RRG is assumed to be used for PA calibration, and TG is used for calibration of IQ image and LO feedthrough.
Observation 2: Although RRG can maintain 1Tx transmission while TG cannot, it would require more restrictions on network scheduling to achieve such 1Tx and the performance of such 1Tx can be poor.
Proposal 1  Study the enhancement on RF requirements using UL gap compared to the “no gap” case, and the loss due to restricted scheduling also needs to be studied.
Proposal 2  The gap period and gap duration need careful considerations in the study phase. 
Proposal 3  Study the potential signaling impacts due to the introduction of UL gap.
Proposal 4  First priority is to study TG in R17 and if time allows further study the necessity/benefit of RRG over TG.


	R4-2015349
	OPPO
	
2.1 Self-calibration background
Observation 1:   It was agreed power calibration gaps can be scheduled by the UE itself autonomously in Rel-15.
Observation 2:   It was agreed requirements were defined based on UEs without power calibration gaps in Rel-15.
2.2 Rel-17 objectives
Proposal 1:        Take UEs without power calibration gaps in Rel-16 as baseline to analyze performance gain of power calibration gap.
Observation 3:   Power calibration is UE implementation specific and performance gain is different from UE to UE.
Proposal 2:        Compare performance of UEs with and without power calibration gaps to better understand gain of this feature, however, no performance gain requirements are defined.
Proposal 3:        Emissions need to be controlled during the calibration gap and tests need to be considered

	R4-2016061
	Ericsson, Sony
	Observation 1: When previously analysed as part of the NR rel-15 NR core Work Item, no need fin introducing Self-calibration or monitoring GAP(s) was found.
Observation 2: A clarification is needed with regards to the possible side effects on gNB given the scheme in Figure 1 (from [4]) if the UE caters for calibration itself.
Proposal 1: We propose that the claimed MOP/ACLR gains and UE cost aspects with PCG be elucidated fully in relation to other low-complexity linearization methods, BS scheduling complexity, and network performance before any decision of PCG specification is taken.


	R4-2016536
	Huawei, HiSilicon
	Observation 1: PA calibration gap is required because of a specific implementation, i.e. DPD loop via OTA.
Observation 2: the potential impact to network performance introduced by PA calibration gap need to be carefully studied. 



Open issues summary
Sub topic 1-1: Candidates metric which can be used for performance gain evaluation compared with Rel-16 UE with no calibration gap assumed
· more UL power to enhance the coverage
· less MPR allowance to enhance the high MCS coverage
· better EVM to improve throughput 
· Better emissions performance to reduce adjacent channel interference
· More accurate power control
· others
Sub topic 1-2: For performance gain and NW impact evaluation purposes, should the study on UL gap be further classified into two categories based on UE behavior during the gap
· No UL scheduling during the gap is needed. NW can assign those resources to other UE for UL transmission.
· UL scheduling, including dedicated time and frequency resources reserved for self-calibration and monitoring, during the gap is needed. NW cannot assign those resources to other UE for UL transmission.
Sub topic 1-3: Candidate UL gap usage include
· UE power/coverage enhancement
· PA calibration
· Transceiver calibration
Sub topic 1-4: Summary of views on identified performance gain and RF performance evaluation/testability over the current baseline (R16 requirements)
Sub topic 1-5: Summary of views on identified NW impact
Companies views’ collection for 1st round 
Open issues 
Moderator: Please add your comments to sub-topic 1-1 and 1-2 here. Instead, you can directly comment to CR draft.
	Company
	Comments

	XXX
	Sub topic 1-1: 
Sub topic 1-2:
….
Others:

	CATT
	Sub topic 1-2: For performance gain and NW impact evaluation purposes, should the study on UL gap be further classified into two categories based on UE behavior during the gap
In our contribution, we raised the question that UE behaviors should be clarified in the two scenarios. The behavior assumption alignment is necessary for the further discussion of both gain or NW impact. And NW needs to know more to decide how to schedule this UE or other UEs.

	vivo
	Sub topic 1-1:
If the gap can be used for transceiver calibration, the in-band emission can be improved. Therefore, the 4th bullet can be revised to “Better emissions performance to reduce adjacent channel interference (ACLR) or in-band interference (IBE)”
Sub topic 1-2:
The gap with scheduling (RRG) is more complicated and may constrain the system performance as discussed in Rel-15. So it may be easier to study the gap without scheduling (TG) first. 
Sub topic 1-3:
The calibration for phase shifter can also be considered and we are not sure whether it is already included in the first bullet “UE power/coverage enhancement”.
Sub topic 1-4:
On RF performance evaluation:
In our understanding, the R16 baseline should be the RF performance requirements defined in current spec, and the assumption behind is that UE has no UL gap for calibration. Note that RAN4 requirements are defined for the worst case. Therefore, the baseline assumption should be UE can not perform calibration since there is no gap guaranteed.  Note that in this case UE is expected to meet R16 requirements.
Based on this baseline assumption, it is proposed to further evaluate the RF performance gain if gap is introduced in R17.
On testability:
The UE supporting enhanced RF performance when UL gap is provided can report capability to NW, and the test case can be designed by testing UE RF performance when configuration / scheduling of UL gap is available. The testability issue of UL gap can be the same as R15/16 testability and no additional issues are identified.
Sub topic 1-5:
In our view, the NW impact is highly related to the details of UL gap schemes. The impact can be the restriction in scheduling and the potential UL interference when calibration is performing. It would be better if some performance metrics can be defined. It would be good if some infra-vendors can have some input on this.

	Intel
	Sub topic 1-1: 
We see it is possible to have performance improvement on all listed aspects.  We also emphasize that UL gaps should bring net system performance gain in overall network throughput, cell coverage, etc. 
Sub topic 1-2: 
Two categories of UL gaps can be considered.  Gaps without UL transmissions during which UE can do any calibrations at their own decision. Gaps with UL transmissions during which UL resources (PRB allocations, waveform, power control, etc. ) need to be specified in the spec and scheduled by network. UE should be emission compliant during transmissions in UL gaps.


	Qualcomm
	1-1: Seems like a good list of metrics but the agreement should focus on testable improvements with and without gaps.
1-2: Studying both options would need network simulations. Is there a proposal for simulation assumptions for both cases? Or how will we analyse the impact?
1-3: “UE power/coverage enhancement” seems overlap with subtopic 1-1 items. Does the proposal include power class modifications? PA calibration and Transceiver calibration seems to be UE internal issue and it is not clear how a define 3GPP requirement for these. 
1-4: Our view is to take R16 requirement as baseline and define what is different for the UE with gaps. 
1-5: Agree with vivo here that some agreement on what is the gas is needed before we can analyse the impact to NW.   


	Verizon
	1-1: Agree to target on this candidates metric for performance gain evaluation compared with Rel-16 UE 
[bookmark: _GoBack]1-2: It would be better to consider two UL scheduling categories in the study


 
CRs/TPs comments collection
Moderator: Please add comments to CR drafts here.
	CR/TP number
	Comments collection

	
	

	
	



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:



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)

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”



