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Introduction
The documents in agenda item 7.7.2.3 contains the following main topics for discussion:
· Topic #1: gNB requirements: general aspects 
· Topic #2: SRS-RSRP requirements
· Topic #3: gNB Rx-Tx time difference requirements
· Topic #4: UL RTOA requirements
Topic #1: gNB requirements: general aspects
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2100048
	ZTE Corporation
	Proposal 1: Accuracy requirements don’t depend on beam configuration.
Proposal 2: Further discuss how to specify beam directions used in the tests.

	R4-2100353
	Ericsson
	Proposal 1: UL RTOA measurement accuracy requirements cannot be reused from gNB Rx-Tx accuracy requirements
Proposal 3: Set of proposed values [Es/Iot1; Es/Iot2] = [-13; +3] dB
Proposal 4: Antenna beam configuration assumption for gNB positioning measurement accuracy follows the approach used in BS specifications: TS 38.104 and TS 38.141-1/2 (support option 1 and following candidate option 1)
Proposal 5: Fix and agree on set of Ês/Iot values as input for link level simulations in RAN4#98-e for better alignment of the accuracy results.
Proposal 6: Option 1 from Table 1 regarding SRS bandwidth, SCS, comb size, no. of symbols and TSRS
Proposal 7.1 Calibration error should be considered as implementation dependent
Proposal 7.2 Calibration for antenna reference point recommended, since measurement at connector incorporates unknown delays
Proposal 7.3 All impairments impacting gNB timing measurement accuracy should be included in Proposal 7.1 and 7.2
Proposal 8.1 Impact of RF calibration error on SRS-RSRP measurement accuracy is XdB
Proposal 8.2 RF calibration error differs for different gNB types, XdB for all type C measurements and YdB for all type O measurements, where Y>X
Proposal 8.3 All impairments impacting SRS-RSRP measurement accuracy should be included in Proposal 8.1 and 8.2, namely X and Y

	R4-2101729
	Ericsson
	System simulation results not yet available

	R4-2102690
	Nokia, Nokia Shanghai Bell
	Proposal 1:	For link simulations to determine gNB measurement accuracy for the considered timing offset and power measurement types: 
1a) Select Ês/Iot = +3 dB dB as side condition for high Ês/Iot (i.e. for serving cell) in FR1 and FR2.
1b) Select Ês/Iot = -13 dB as side condition for low Ês/Iot (i.e. for neighbor cell) in FR1 and FR2.
Proposal 2:	Specify performance requirements for the high Ês/Iot side condition, associated with UE in serving cell, as mandatory for BS supporting a given SRS configuration, and performance requirements for the low Ês/Iot side condition, associated with UE in neighbor cell, as optional for BS for the same SRS configuration.
Proposal 3:	Additional SRS bandwidths as depicted in R4-2012142, i.e. 10 MHz for 2 GHz range, 50 MHz for 2 and 4 GHz ranges and 100 MHz for 40 GHz range, are added to candidate SRS configurations for deriving accuracy gNB requirements. This will enable to better cover the entire UE CBW range.

	R4-2102779
	Huawei, HiSilicon
	Proposal 1: Define the gNB accuracy requirements based on single shot measurement assumption, and requirements apply provided that the SRS transmission occasion is not dropped.
Proposal 2: Define two sets of Es/Iot conditions for gNB positioning requirements at -15dB and 3dB, respectively. 
Proposal 3: The positioning measurement requirements apply for the same RoAoA as OTA reference sensitivity requirements for 1-O and 2-O BS. Accuracy requirements do not depend on antenna beam configuration in gNB.



Open issues summary
Sub-topic 1-1: Side conditions for accuracy for all gNB measurements
Issue 1-1-1: Side conditions (Ês/Iot) for applicability of gNB accuracy
	Company
	Ês/Iot1 [dB] (High Ês/Iot)
	Ês/Iot2 [dB] (Low Ês/Iot)

	
	FR1
	FR2
	FR1
	FR2

	HW
	3
	3
	-15
	-15

	Nokia
	3
	3
	-13
	-13

	Ericsson
	3
	3
	-13
	-13



· Recommended WF
· Ês/Iot1 [dB] (High Ês/Iot) = 3 dB for FR1 and FR2
· Ês/Iot2 [dB] (Low Ês/Iot) need further discussion.

Issue 1-1-2: Number of accuracies per set of side conditions 
· Option 1: Huawei
· Use Table 1-1-2-1 as template to form gNB SRS-RSRP accuracy requirements. The exact accuracy number and min SRS BW (BWmin) is to be checked from link level results, once RAN4 has agreed on the side conditions. Only one set of accuracy requirements is defined for each side condition, based on the min SRS BW.
Table 1-1-2-1: suggested SRS-RSRP accuracy requirements
	Accuracy (dB)
	SINR condition (dB)
	BW (PRB)

	
	
	>= BWmin1

	
	
	>= BWmin2


· Use Table 1-1-2-2 as template to form gNB Rx-Tx time difference and UL-RTOA accuracy requirements. The exact accuracy number and min SRS BW (BWmin) is to be checked from link level results, once RAN4 has agreed on the side conditions. One set of accuracy requirements is defined for each combination of {SINR, SCS, SRS BW range}.
· Table 1-1-2-2: Template for gNB TOA estimation accuracy requirements
	Accuracy (Tc)
	SCS (kHz)
	PRB num

	
	15/30/60/120
	BWmin-40

	
	
	44-84

	
	
	88-168

	
	
	172-max


· Other options not precluded
· Recommended WF
· Collect companies’ feedback on the above proposals
Sub-topic 1-2: Antenna/beam configuration
[bookmark: _Hlk48232863]Issue 1-2-1: Antenna configuration in accuracy requirement
· Option 1: E///
· Fixed antenna beams are assumed in gNB for deriving accuracy 
· Option 2: 
· Proposal 1: ZTE, HW
· Accuracy does not depend on antenna beam configuration in gNB, i.e. do not assume fixed gNB antenna beams.
· Proposal 2: HW
· Positioning measurement requirements apply for the same RoAoA as OTA reference sensitivity requirements for 1-O and 2-O BS
· Recommended WF
· Collect companies’ feedback on the above proposals
Sub-topic 1-3: SRS configuration
Issue 1-3-1: Additional/remaining parameters for suitable SRS configurations 
Any subset of suitable SRS configurations declared by the manufacturer for meeting accuracy.
· Option 1: E///
[bookmark: _Ref61251249] Table 1-3-1-1: Option 1: Additional SRS parameters for suitable SRS configurations
	FR
	Bandwidth SRS [MHz] / SCS [kHz]
	SRS comb size
	No. of SRS symbols
	SRS resource periodicity TSRS [slots]

	FR1
	5 / 15
	Com4
	4
	160

	FR1
	20 / 15
	Com2
	2
	160

	FR1
	20 / 30
	Com4
	4
	160

	FR1
	20 / 30
	Com8
	8
	40

	FR2
	50 / 60
	Com8
	8
	40

	FR2
	50 / 120
	Com8
	8
	40

	FR2
	200 / 60
	Com8
	8
	40

	FR2
	400 / 120
	Com8
	8
	40



· Option 2: Nokia
Table 1-3-1-2: Option 2: Additional SRS parameters for suitable SRS configurations
	FR
	Bandwidth SRS [MHz] 

	FR1
	5 MHz

	FR1
	10 MHz

	FR1
	20 MHz

	FR1
	50 MHz

	FR1
	100 MHz

	FR2
	50 MHz

	FR2
	100 MHz

	FR2
	200 MHz



· Other options not precluded
· Recommended WF:
· Agree on table 1-3-1-3 below. 
· Collect feedback on other SRS BWs and SRS parameters
Table 1-3-1-3: SRS BW for suitable SRS configurations
	FR
	SRS BW (MHz)

	FR1
	5

	FR1
	20

	FR2
	50

	FR2
	200


Sub-topic 1-4: RF calibration errors for gNB accuracy requirements
Issue 1-4-1: RF calibration error for timing measurement accuracy for different gNB types (1-C, 1-H, 1-O, 2-O)
· Option 1: E///
· RF calibration error depends on gNB type
· Other options not precluded
· Recommended WF
· Collect companies’ feedback on the above proposal
Issue 1-4-2: RF calibration error for SRS-RSRP accuracy for different gNB types (1-C, 1-H, 1-O, 2-O)
· Option 1: E///
· RF calibration error for gNB type 1-C (X) is small than that for gNB types 1-O/2-O (Y) i.e. Y>X.
· Other options not precluded
· Recommended WF
· Collect companies’ feedback on the above proposal
[bookmark: _Hlk62461620]Sub-topic 1-5: Samples for gNB accuracy requirements
Issue 1-5-1: Number of samples for gNB accuracy requirements
· Option 1: HW
· Define the gNB accuracy requirements based on single shot measurement assumption
· Other options not precluded
· Recommended WF
· Collect companies’ feedback on the above proposal
Sub-topic 1-6: gNB accuracy requirements
Issue 1-6-1: Optional accuracy for low side condition
· Option 1: Nokia
· gNB accuracy defined only for high Ês/Iot side condition (i.e. corresponding to serving cell) is mandatory for gNB supporting that measurement.
· gNB accuracy defined for low Ês/Iot side condition (i.e. corresponding to neighbor cell) is optional even for gNB supporting that measurement.
· Other options not precluded
· Recommended WF:
· Need further discussion.
Companies views’ collection for 1st round 
Open issues 
Issue 1-1-1: Side conditions (Ês/Iot) for applicability of gNB accuracys
	Company
	Comments

	Ericsson
	Support -13dB for low Ês/Iot value side condition

	Huawei
	We can compromise to adopt -13dB as the low Es/Iot side condition

	Nokia
	We support -13 dB for low Ês/Iot for FR1 and FR2.

	Intel
	Support -13dB for low Ês/Iot value side condition

	
	

	
	




Issue 1-1-2: Number of accuracies per set of side conditions 
	Company
	Comments

	Ericsson
	The actual accuracy requirements could be grouped, and SRS configs can be reduced in permutations to minimize the number of different accuracy requirements, once we have a clear picture of SRS configuration dependency. Since the side conditions for link level simulations are not agreed on and we do not have all the link results so it would be premature to conclude on number of accuracies per side condition at this time.

	Huawei
	We support option 1.
Option 1 means we would have requirements for all SRS BW above a lower bound (BWmin), and as such we would not need to select a subset of SRS BWs for defining requirements. gNB can declare the supported SRS BWs, and meet the corresponding applicable requirements. The lower bound for the SRS BW is selected to ensure a reasonable accuracy performance, and can be further checked via link level simulations.
For SRS-RSRP, we suggest to define one set of accuracy requirements for each Es/Iot side condition, and it is based on the min SRS BW (worst case).
For gNB Rx-Tx and UL-RTOA, we suggest to define one set of accuracy requirements for each combination of {SINR, SCS, SRS BW range}. The SRS BW range is determined by the FFT size, e.g. 44-84 PRB corresponds to FFT size of 1024, 88-168 PRB corresponds to FFT size of 2048. The FFT size together with SCS will determine the resolution of the timing measurement, and further determine the achievable accuracy.

	CATT
	Fine with option 1 and the requirements need to be checked based on link level simulation. 

	Nokia
	We principally agree to define accuracy requirements based on SRS BW grouping to reduce the number of requirements. The template for SRS-RSRP, based on different minimum SRS BW, can serve well with number of different SRS BW’s and settings for minimum SRS BW to be carried out after link simulations. For gNB TOA estimation accuracy, the SRS BW grouping (number of BW groups and BW range) can only be done based on link simulation results. Further, the dependency on SCS and PRB number is to be seen based on link simulation results. Then, regarding Huawei’s proposal to split BW into ranges up to 40 PRB’s, up to 84 PRB’s, up to 168 PRB’s and up to max PRB’s we would like to understand the rationale for this approach. With this approach, final link simulations would need to be done for the lower bounds of the PRB num intervals rather than for BW’s agreed in R4-2012142.

	Qualcomm
	Defining requirements for multiple bins (intervals) covering the complete range of configurable SRS BW makes sense and would be consistent with proposals being made at the UE side (for PRS). For each bin, the accuracy requirement would be determined by the smallest SRS BW in that bin. How to partition into bins can be guided by simulation results.

	
	



1-2-1: Antenna configuration in accuracy requirement
	Company
	Comments

	Ericsson
	Support option 1. As stated, the measurement accuracy does not depend on beam configuration, but rather fixed beams are assumed. The actual accuracy is dependent on the beam configuration, but it is unfeasible to assume every possible beam configuration. Therefore, our proposal is as advertised in the contribution: Antenna beam configuration assumption for gNB positioning measurement accuracy follows the approach used in BS specifications: TS 38.104 and TS 38.141-1/2 (support option 1 and following candidate option 1)

	ZTE
	The measurement accuracy shouldn’t depend on beam configurations, no fixed beam shall be assumed. In the test cases, we can further study how to configure the beam directions. For performance requirements we don’t see why fixed beams shall be assumed.

	Huawei
	Support both proposals in option 2.
Option 1 is still unclear to us, e.g. what does ‘fixed beams’ mean, is there a definition for the tem in 38.104 or 38.141? What are the applicable directions (AoAs) for the accuracy requirements fi we follow option 1?

	CATT
	It has been agreed that antenna beam configuration assumption for gNB positioning measurement accuracy follows the approach used in BS specifications: TS 38.104 and TS 38.141-1/2. Further assumption is not needed. 

	Ericsson
	To clarify our previous comment, with fixed beams it is assumed that the beam and its defining parameters for RoAoA do not change within the measurement period, i.e. moving beams should be neglected for deriving positioning accuracy requirements since this is not covered in TS38.104. Deriving gNB measurement accuracy requirements shall not be dependent on declared beam configurations and RoAoA assumptions for OTA receiver characteristics shall apply as per earlier agreement to follow approach used in BS specifications: TS 38.104 and TS 38.141-1/2. 
gNB positioning measurement accuracy shall apply provided that the SRS beam configuration does not change within the positioning measurement period

	Nokia
	We support option 1. Accuracy requirements should be derived from fixed beams as depicted in our contribution to last meeting in R4-2016157 (Proposal 4: For deriving accuracy requirements and for defining requirements for conformance testing, static gNB antenna beams with peak / main lobe directed towards the UE will be assumed for FR1 and FR2.).

	Qualcomm
	From Ericsson’s second comment it seems that this issue is about whether antenna beams can change during a measurement. Isn’t it expected that the gNB could try to measure the same SRS resource with different beams during the measurement period? It could be clarified whether the condition is that each individual measurement should be made with a single beam. To us this seems more like a question of applicability rather than definition of requirements. 



Issue 1-3-1: Additional/remaining parameters for suitable SRS configurations
	Company
	Comments

	Ericsson
	We can agree on proposed table 1-3-1-3 and furthermore can agree to incorporate Nokia’s proposed additional bandwidth values (table 1-3-1-2) into our proposal option 1. Furthermore, we can agree to exclude the 400MHz bandwidth option for FR2, if needed.

	Huawei
	If we adopt the principle of option 1 in Issue 1-1-2, i.e. requirements are defined for all SRS BW above a lower bound (BWmin), we would not need to select a subset of SRS BWs for defining requirements. If a gNB declares to support 20MHz with 15k SCSW, then it meets the requirements defined for 88-168 PRB with 15k SCS. 
We see it difficult to select a subset of SRS BW for defining requirements, e.g. what happens if a gNB uses 40MHz for positioning?
On comb size and symbol number, based on our simulation results, they do not have much impact on the accuracy performance, so we suggest to define the requirements agnostic to the comb size and symbol number. This can be done by deriving the accuracy numbers from the worst case of {comb size, symbol number} e.g. {2,2} or {4,4}. 
It is also difficult to select a subset of {comb size, symbol number}, e.g. if we follow option 1, there would be no requirement for {2,2} for FR2. Do we have any particular reason to exclude it?

	Nokia
	We support option 2. In our view, proposed table 1-3-1-3 is not sufficient as e.g. SRS BW of 5 MHz will not provide sufficient performance. Thus, we should target higher number of suitable SRS configurations.

	Intel
	. Is there any justification on the proper number of requirements set? In our understanding, the number of sets is up to the performance gap among the different sets. So it is better to provide some simulation results on these parameter combinations. 

	Qualcomm
	All the SRS configurations for FR2 in option 1 have periodicity of 40 ms, which seems very dense in time. Would that be a typical configuration? Consider adding configurations with T_SRS = 160 ms for FR2 as well.

	
	



Issue 1-4-1: RF calibration error for timing measurement accuracy for different gNB types (1-C, 1-H, 1-O, 2-O)
	Company
	Comments

	Ericsson
	Support option 1

	Huawei
	We are fine with option 1, provided that it does not force RAN4 to use different margins for different gNB types. We can further check the margins for different gNB types, and they can be same or different.

	CATT
	Fine with option 1. 

	Nokia
	We support option 1.

	Intel
	Support Option 1.

	
	



Issue 1-4-2: RF calibration error for SRS-RSRP accuracy for different gNB types (1-C, 1-H, 1-O, 2-O)
	Company
	Comments

	Ericsson
	Support option 1

	Huawei
	We are fine with option 1.

	Nokia
	We support option 1.

	Intel
	Support Option 1.

	
	

	
	



Issue 1-5-1: Number of samples for gNB accuracy requirements
	Company
	Comments

	Ericsson
	Since a single shot measurement assumption is unreliable due to time variance of the underlying conditions and sometimes even rendered impossible by other limiting factors such as small bandwidth, single shot measurement assumption cannot be used for accuracy definition. The number of measurement samples for which measurement accuracy requirements will be defined should also be defined and is FFS. Therefore, at this stage we cannot agree on option 1.

	Huawei
	We support option 1.
RAN4 only defines min requirements and it should be based on baseline/worst case. Of course, this does not prevent a gNB to use more than one samples to derive the results.
On the SRS BW, we can check via link level simulations and determine the min PRB number such that one shot measurement can work.

	CATT
	Can be checked based on the link level simulation. 

	Nokia
	We do not agree to option 1. The single shot will not provide good performance, especially for fading channels. For PRS accuracy requirements, 4 samples are taken, hence it needs to be investigated if this number can be reused for SRS-P.

	Intel
	Single shot could represent the worst case. So we can support Option 1.

	Qualcomm
	Single shot means the measurement is based on all SRS resources in one slot? Please clarify.



Issue 1-6-1: Optional accuracy for low side condition
	Company
	Comments

	Ericsson
	As agreed in RAN4#97-e WF, the optionality is for SRS subsets declared by manufacturer, for which the manufacturer must satisfy the measurement accuracy requirements, i.e. for both side conditions. Optionality regarding side conditions was not discussed but positively included in the agreement.

	Huawei
	We do not agree to associate the side condition with the serving cell or neighbor cell. This has already been discussed and agreed in last meeting.
- all positioning methods based on gNB measurements, including multi-RTT and UL-TDOA, require gNB to measure UE in a neighbor cell
- what impacts the accuracy performance is the Es/Iot, a gNB should achieve same accuracy for a certain Es/Iot, no matter the measured UE is in the serving cell or neighbor cell
On the other hand, we are open to discuss the requirements optionality regarding high and low Es/Iot.

	Nokia
	We support option 1. As mentioned in our contribution (R4-2102690), the high Ês/Iot side condition refers to serving cell reception conditions and accuracy will be considerably higher than for low Ês/Iot side condition. Then complexity level at gNB for reception of SRS-P from UE in neighbor cell is different to serving cell due to unknown TA. Thus, high Ês/Iot side condition should be specified as mandatory requirement and low Ês/Iot side condition as optional requirement.

	Qualcomm
	In our view, requirements should be defined at least for a side condition that is representative of typical deployment scenarios. If additional looser (more relaxed) side conditions (with correspondingly stricter requirements) are desired, they could be added. We think all the requirements should be mandatory, otherwise the benefit of defining requirements is questionable.

	
	

	
	



CRs/TPs comments collection
	CR/TP number
	Comments collection

	
	

	
	

	
	

	
	



Summary for 1st round 
Open issues 
Issue 1-1-1: Side conditions (Ês/Iot) for applicability of gNB accuracy
	
	Status summary 

	Sub-topic#1-1; issue 1-1-1
	Tentative agreements:
· Ês/Iot1 [dB] (High Ês/Iot) = 3 dB for FR1 and FR2
· Ês/Iot2 [dB] (Low Ês/Iot) = -13 dB for FR1 and FR2.
Recommendations for 2nd round: No further discussion is needed



Issue 1-1-2: Number of accuracies per set of side conditions
	
	Status summary 

	Sub-topic#1-1; issue 1-1-2
	Tentative agreements:
· gNB accuracy requirements shall be defined for group of SRS BWs
· grouping of SRS BWs will be decided based on link simulation results
· Whether gNB accuracy requirements may also be based on grouping of other SRS parameters (e.g. SCS) is FFS.
· grouping of other parameters (e.g. SCS) will be decided based on link simulation results 
Recommendations for 2nd round: Further discuss group of SRS BW and other SRS parameters



Issue 1-2-1: Antenna configuration in accuracy requirement
	
	Status summary 

	Sub-topic#1-2; issue 1-2-1
	Tentative agreements from GTW on 28th Jan:
Tentative agreements
· gNB accuracy requirements do not mandate gNB RX beam sweeping
Candidate options:
Option 1:
· gNB accuracy requirements do not mandate gNB RX beam sweeping is captured only in the WF.
Option 2:
· gNB accuracy requirements do not mandate gNB RX beam sweeping is included in the accuracy side conditions.
Other options not precluded
Recommendations for 2nd round: Need further discussion



Issue 1-3-1: Additional/remaining parameters for suitable SRS configurations
	
	Status summary 

	Sub-topic#1-3; issue 1-3-1
	Tentative agreements: 
· List of SRS BWs for which requirements will apply is FFS; SRS BWs can be grouped for defining accuracy (issue 1-1-2),
· SRS BWs and SRS BW grouping can be determined based on link simulations
· Other SRS parameters are FFS
· Other SRS parameters (if needed) can be determined based on link simulations
Recommendations for 2nd round: Further SRS BW and other SRS parameters



Issue 1-4-1: RF calibration error for timing measurement accuracy for different gNB types (1-C, 1-H, 1-O, 2-O)
	
	Status summary 

	Sub-topic#1-4; issue 1-4-1
	Tentative agreements:
· RF calibration error depends on gNB type
Recommendations for 2nd round: None



Issue 1-4-2: RF calibration error for SRS-RSRP accuracy for different gNB types (1-C, 1-H, 1-O, 2-O)
	
	Status summary 

	Sub-topic#1-4; issue 1-4-2
	Tentative agreements: 
· RF calibration error for gNB type 1-C (X) is small than that for gNB types 1-O/2-O (Y) i.e. Y>X.
Recommendations for 2nd round: None



Issue 1-5-1: Number of samples for gNB accuracy requirements
	
	Status summary 

	Sub-topic#1-5; issue 1-5-1
	Tentative agreements: None
Candidate options:
· Option 1:
· Define the gNB accuracy requirements based on single shot measurement assumption
· Option 2:
· Define the gNB accuracy requirements based on multiple shots (Ns)
· Ns is FFS
· Other options not precluded
Recommendations for 2nd round: Discuss further including interpretation of “shot”.



Issue 1-6-1: Optional accuracy for low side condition
	
	Status summary 

	Sub-topic#1-6; issue 1-6-1
	Agreements from GTW on 28th Jan: 
Agreement
· The gNB, which declares the support of positioning measurements, needs to declare the support of measurements for at least either high or low Ês/Iot side conditions
Recommendations for 2nd round: None




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

	#1
	WF on gNB positioning measurement requirements
	Ericsson



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)
Open issues 
Issue 1-1-2: Number of accuracies per set of side conditions

Agreements from 1st round:
· gNB accuracy requirements shall be defined for group of SRS BWs
· grouping of SRS BWs will be decided based on link simulation results
· Whether gNB accuracy requirements may also be based on grouping of other SRS parameters (e.g. SCS) is FFS.
· grouping of other parameters (e.g. SCS) will be decided based on link simulation results 
Discussion for 2nd round:
· Comments invited on SRS parameters other than SRS BW which can be grouped for defining accuracy
	Company
	Comments

	Huawei
	On SCS, based on our simulation results, the timing measurement performance depends on SCS, so SCS should not be grouped (accuracy is defined for each SCS). On the other hand, we are open to further check via link level simulations, and it is noted that the same discussion is taking place for UE side. RSRP measurement requirements can be agnostic to SCS (all SCS-es can be grouped).

On comb size and symbol number, based on our simulation results, the requirements can be defined agnostic to comb size and symbol number (all comb sizes and symbol numbers can be grouped), but again we are open to further check via link level simulations.

	Ericsson
	The exact grouping shall be concluded from the outcome of link level simulation results. While it was agreed that different SRS bandwidths shall be grouped and a specific measurement accuracy value shall be valid for ranges of bandwidths (i.e. grouping), grouping of other SRS parameters (e.g. grouping of two different SCS settings) is still FFS and dependent on the outcome of link level simulations. Some parameters might also show low impact on accuracy requirements (SRS-RSRP and/or gNB Rx-Tx) and defining measurement accuracy requirements agnostic to those parameters is under discussion in issues 2-1-3 and 3-1-3.

	Nokia
	This should be decided after link simulation results are made available for agreed set of SRS configurations in FR1 and FR2, based on the agreed approach of SRS BW grouping. Dependency on SCS, comb size and SRS size to be further investigated.

	
	

	
	

	
	



Issue 1-2-1: Antenna configuration in accuracy requirement

Tentative agreements from GTB:
· gNB accuracy requirements do not mandate gNB RX beam sweeping
Candidate options:
Option 1:
· gNB accuracy requirements do not mandate gNB RX beam sweeping is captured only in the WF.
Option 2:
· gNB accuracy requirements do not mandate gNB RX beam sweeping is included in the accuracy side conditions.
Other options not precluded

	Company
	Comments

	ZTE
	Support Option 1. This is not something should be captured in the specifications since it’s common understanding that the behavior of gNB or UE is not specified as long as the requirements are met. We feel it already sufficient to capture it in the WF. 

	Huawei
	Option 1.

	Ericsson
	Support option 2, but in order to fulfill the gNB accuracy requirements specified the gNB is not required to do RX beam sweeping.

	CATT
	Support option 1. 

	Nokia
	We support option 2. It should be captured in the spec as part of the accuracy side conditions.  

	
	



Issue 1-3-1: Additional/remaining parameters for suitable SRS configurations
· Provide list of SRS BWs for which requirements will apply
· Provide list of other SRS parameters (if any) for which requirements will apply
	Company
	Comments

	Huawei
	Our preference is to define requirements for all SRS BWs (some small BW can be excluded if the simulation shows satisfactory performance cannot be achieved).

If we understand correctly, the list of SRS BWs and other SRS parameters will be used as an extended simulation assumption to further check how SRS BW and other SRS parameters should be grouped (as discussed in Issue 1-1-2). If this is the case, we support to add some more BW options, e.g. 100MHz / 30k SCS. 

	Ericsson
	While the tables provided for issue 1-3-1 shall represent which SRS configurations to use for a link level simulation to determine the needed layout of a measurement accuracy requirement (i.e. SRS parameter grouping, dependency, etc.), the actual SRS parameters for which requirements will apply is dependent on the outcome of the link level simulations. So far, we have included SRS BW, SCS, comb size, symbol size and SRS periodicity. The correlation of each SRS parameter to a measurement accuracy has to be evaluated and dependent/agnostic behavior for each parameter needs to be analyzed.
We propose to have link level simulations as per earlier agreed link level simulation assumptions, (R4-2012142, Nokia).

	Nokia
	We suggest evaluating performance in FR1 and FR2 according to listed options 1 and 2 in issue 1-3-1, considered as appropriate subset of SRS configurations, These configurations will be needed to evaluate appropriate SRS BW grouping and to investigate dependencies on other SRS configuration parameters.

	
	

	
	

	
	



Issue 1-5-1: Number of samples for gNB accuracy requirements
· Option 1:
· Define the gNB accuracy requirements based on single shot measurement assumption
· Option 2:
· Define the gNB accuracy requirements based on multiple shots (Ns)
· Ns is FFS
· Other options not precluded
	Company
	Comments

	Huawei
	Option 1.

We are defining minimum requirements, so it should be based on worst case. 

Response to QC question: yes, in our view single shot means using all SRS resources in an SRS instance. As we do not have slot repetition for SRS, it is identical to all SRS resources in a slot. 

	Ericsson
	Support option 2, to increase accuracy in measurement accuracy requirements. How many samples should be used can be based on link level simulations; number of samples used are only assumed for deriving requirements.

	CATT
	Prefer option 1, but open to further study based on the simulation. 

	Nokia
	We support option 2. To reach meaningful accuracy, multiple shots need to be taken and further investigation is needed on the number of shots, On the other hand, for PRS measurement accuracy, this is based on 4 samples.

	
	

	
	



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  

	R4-2103587 XXX
	ApprovedBased on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #2: SRS-RSRP requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2100450
	CATT
	Not available

	R4-2101737
	Ericsson
	[bookmark: _Hlk47710385]Proposal 1: Obtain baseline gNB SRS-RSRP measurement accuracy with link level simulation RSRP evaluation. Implementation and RF margins shall be added to the baseline accuracy.
Proposal 2: gNB SRS-RSRP measurement absolute accuracy in FR1
Proposal 3: gNB SRS-RSRP measurement absolute accuracy in FR2

	R4-2101760
	Ericsson
	DraftCR

	R4-2102783
	Huawei, HiSilicon
	Proposal 1: Use Table 1 as template to form gNB SRS-RSRP accuracy requirements. The exact accuracy number and min SRS BW (BWmin) is to be checked from link level results, once RAN4 has agreed on the side conditions.
Table 1: suggested SRS-RSRP accuracy requirements
	Accuracy (dB)
	SINR condition (dB)
	BW (PRB)

	
	
	>= BWmin1

	
	
	>= BWmin2


Proposal 2: RAN4 to define the accuracy requirements agnostic to comb and symbols size.
Proposal 3: Re-use the UE RF calibration margin for gNB SRS-RSRP accuracy.

	R4-2102784
	Huawei, HiSilicon
	Observation 1: The performance is very dependent on SNR conditions.
Observation 2: The performance difference between different comb and symbol size is small.
Observation 3: The performance are quite dependent on the channel profile. 
Observation 4: The accuracy improves in proportion with BW in RB and the impact of SCS is small.

	R4-2102785
	Huawei, HiSilicon
	DraftCR



Sub-topic 2-1: SRS-RSRP requirements
Issue 2-1-1: Baseline SRS-RSRP accuracy without margin
· Option 1: E///
· Baseline accuracy without margin are based on link simulation results
· Other options not precluded
· Recommended WF:
· Agree on option 1.
Issue 2-1-2: RF and implementation margins for final SRS-RSRP accuracy
What margin is needed?
· Option 1: HW
· Reuse UE RF calibration margin for SRS-RSRP accuracy
· Option 2: E///
· Implementation and RF margins specific to SRS-RSRP
· Other options not precluded
· Recommended WF:
· Need further discussion.
Issue 2-1-3: SRS-RSRP accuracy agnostic to comb and symbols size
· Option 1: HW
· Define SRS-RSRP accuracy agnostic to comb and symbols size
· Other options not precluded
· Recommended WF:
· Need further discussion.
Issue 2-1-4: SRS-RSRP accuracy defined based on which side conditions? 
· Option 1: HW, E///
· Define SRS-RSRP accuracy based on SINR and SRS BW (RBs)
· Other options not precluded
· Recommended WF:
· Need further discussion.
Sub-topic 2-2: CRs for SRS-RSRP
•	Directly provide comments on the cat B draft CRs, if any, in section 2.2.2.
Companies views’ collection for 1st round 
Open issues 
Issue 2-1-1: Baseline SRS-RSRP accuracy without margin
	Company
	Comments

	Ericsson
	Agree with the recommended WF

	Huawei
	Support the recommended WF

	CATT
	Fine with the recommended WF. 

	Nokia
	We agree to the recommended WF.

	Intel
	We agree to the recommended WF

	Qualcomm
	Agree with the recommended WF.



Issue 2-1-2: RF and implementation margins for final SRS-RSRP accuracy
	Company
	Comments

	Ericsson
	Support option 2, RF and implementation margins should be analyzed specifically for gNB and not to be reused from UE side

	ZTE
	We prefer Option 2. The implementation of gNB can be different than the UE so don’t see strong technical reasons why the UE margins shall be re-used.

	Huawei
	We are also fine with option 2, and we look forward to other companies’ views.

	CATT
	Fine with option 2. 

	Nokia
	We support option 2.

	Intel
	The RF margin in gNB side can be smaller than that of UE sides. 

	Qualcomm
	Regarding option 1, could HW point to the existing margins to be leveraged? Both the UE and the gNB should make their best effort to reduce calibration error. The burden should not be disproportionately placed on either side.



Issue 2-1-3: SRS-RSRP accuracy agnostic to comb and symbols size
	Company
	Comments

	Ericsson
	If 2-1-1 option 1 is agreed, link level simulations shall be carried out with the agreed Ês/Iot side conditions, to check if dependency can be neglected or is non-existent. Ranges of values with same range of measurement accuracy should of course be summarized for the measurement accuracy requirements table for simplicity. If all comb size and symbol size values lead to the same accuracy result, they can be considered negligible for requirement definition i.e. same accuracy can be defined for all comb size and symbol size values in that case.

	Huawei
	We are fine to further study.
Option 1 is based on our simulation results, and we can further discuss when more results are available.

	CATT
	Further study based on the link level simulation. 

	Nokia
	We cannot agree to option 1 at this point in time. Dependency on comb and symbol size should be further investigated for both Ês/Iot side conditions, before a conclusion is drawn.

	Intel
	This is similar as PRS based requirements in principle. 

	Qualcomm
	We support the objective of making the requirements agnostic to comb size. But the requirements cannot be agnostic to both comb size and number of symbols. It doesn’t make sense. Maybe we are misunderstanding the proposal in option 1. Further clarification is welcome.



Issue 2-1-4: SRS-RSRP accuracy defined based on which side conditions? 
	Company
	Comments

	Ericsson
	Support option 1, but other dependencies shall not be excluded and are FFS. 

	Huawei
	We support option 1.

	CATT
	Fine with option 1. 

	Nokia
	We cannot agree to option 1 at this point in time. We also observe a dependency on the channel model and the dependency on SRS configuration parameters, as being discussed in Issue 2-1-3, needs further investigation, before a conclusion is drawn.

	Intel
	These two parameters can be agreed firstly. The others can be FFS.

	Qualcomm
	The parameters in option 1 should be considered in the definition of accuracy requirements. Number of intra-slot repetitions (of the comb pattern) may also be taken into account. This is related to issue 1-5-1 (“single shot”).



 
CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2101760
	Ericsson: Note 6: Measurement accuracy dependencies other than SRS Ês/Iot and SRS bandwidth are still FFS

	
	Huawei: need to wait for technical conclusions.

	
	Nokia: The proposed template cannot be endorsed, as inclusion of SCS=60 kHz for FR1 should be discussed and the dependency of SRS symbols / comb-size needs to be further investigated. Table numbering is wrong.

	R4-2102785
	Ericsson: side condition values for Ês/Iot are not agreed upon yet and have to be defined.

	
	Huawei: need to wait for technical conclusions.

	
	Nokia: The proposed template cannot be endorsed, as Ês/Iot side conditions are not agreed. Rationale for splitting into these SRS BW groups should be provided. On the conditions, the case of BS type 1-O is missing.




Summary for 1st round 
Open issues 
Issue 2-1-1: Baseline SRS-RSRP accuracy without margin
	
	Status summary 

	Sub-topic#2-1; issue 2-1-1
	Tentative agreements:
· Baseline accuracy without margin are based on link simulation results
Recommendations for 2nd round: None



Issue 2-1-2: RF and implementation margins for final SRS-RSRP accuracy
	
	Status summary 

	Sub-topic#2-1; issue 2-1-2
	Tentative agreements:
· Implementation and RF margins specific to SRS-RSRP. Values are FFS.
Recommendations for 2nd round: None



Issue 2-1-3: SRS-RSRP accuracy agnostic to comb and symbols size
	
	Status summary 

	Sub-topic#2-1; issue 2-1-3
	Tentative agreements:
· FFS whether SRS-RSRP accuracy is agnostic to or depends on comb and symbols size
· Decision will be based on link simulation results
Recommendations for 2nd round: None



Issue 2-1-4: SRS-RSRP accuracy defined based on which side conditions?
	
	Status summary 

	Sub-topic#2-1; issue 2-1-4
	Tentative agreements: 
· Agreements related to side conditions:
· Agreement on Ês/Iot1 and Ês/Iot2 (Issues 1-1-1 and 1-6-1)
· Agreement on SRS BW grouping and SRS BWs (issues 1-1-2, 1-3-1 and WF in R4-2012140) 
· Other SRS parameters as part of side conditions are FFS
Recommendations for 2nd round: Need further discussion for other SRS parameters



Suggestion 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 provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2101760
	Postponed

	R4-2102785
	Postponed



Discussion on 2nd round (if applicable)

Open issues 
Issue 2-1-3: SRS-RSRP accuracy agnostic to comb and symbols size
· Comment on whether SRS-RSRP accuracy is agnostic to comb and symbols size?
	Company
	Comments

	Huawei
	In our view, SRS-RSRP accuracy can be defined agnostic to comb and symbols size, but we are open to further check via link level simulations.

	Ericsson
	The dependency on comb and symbol size is still FFS. If upcoming link level simulation results show agnostic behaviour we can reiterate.

	CATT
	Based on simulation results. 

	Nokia
	As commented under issue 1-3-1 in 2nd round, further link simulation results need to be made available to determine dependency on SCS, comb size and SRS size.

	
	

	
	



CRs/TPs
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2101760 (return to)
	

	
	

	
	

	
	

	
	

	R4-2102785 (return to)
	

	
	

	
	

	
	

	
	



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  

	R4-2104052 (Rev of R4-2101760)XXX
	Return toBased on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2102785
	Noted




Topic #3: gNB Rx-Tx time difference requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2100451
	CATT
	Proposal 1: The gNB antenna beam configuration is not needed in the requirement definition.
Proposal 2: When gNB Rx-Tx time difference measurement requirements are defined, except the simulation error of measurement, at least two times of calibration error is needed as the margin.

	R4-2101761
	Ericsson
	Proposal 1: gNB Rx-Tx time difference measurement absolute accuracy in FR1
Proposal 2: gNB Rx-Tx time difference measurement absolute accuracy in FR2
Proposal 3: Fix and agree on set of Ês/Iot values as input for link level simulations in RAN4#98-e for better alignment of the accuracy results.

	R4-2101790
	Ericsson
	Draft CR

	R4-2102691
	Nokia, Nokia Shanghai Bell
	Observation 1: 	The gNB Rx-Tx time difference accuracy for all SRS configurations depends majorly on the radio channel type, SRS bandwidth and Ês/Iot ratio.
In our view the investigated range for Ês/Iot is sufficient for specifying performance requirements. We propose to select Ês/Iot = +3 dB for the high Ês/Iot ratio and Ês/Iot = -13 dB for the low Ês/Iot ratio.
Following proposal for agreement is made: 
Proposal 1: 	For link simulations to determine gNB Rx-Tx time difference accuracy at gNB: 
1a) Select Ês/Iot = +3 dB dB as side condition for high Ês/Iot (i.e. for serving cell) in FR1 and FR2.
1b) Select Ês/Iot = -13 dB as side condition for low Ês/Iot (i.e. for neighbor cell) in FR1 and FR2.
Regarding time shifts defined in [2], e.g. 0 for UE in serving cell and 3 us for UE in neighbor cell, respectively, for the synchronous case, our understanding is that no additional propagation delay is configured on top and this time shift is fixed throughout the simulation. Hence regarding modelling of transmitter chain and radio channel, i.e. to keep impact of modelling differences low, it is proposed to agree few assumptions on sampling rates / FFT sizes for them or at least require a description as part of the reported simulation assumptions.
Following proposal for agreement is made: 
Proposal 2: 	No additional propagation delay is configured on top of the defined time shifts in R4-2012142. Some assumptions on sampling rates / FFT sizes used in the transmitter chain and radio channel should be defined or at least be described as part of the reported simulation assumptions to reduce impact of modelling differences.

	R4-2102780
	Huawei, HiSilicon
	Proposal 1: Use Table 2 as template to form gNB TOA estimation accuracy requirements. The exact accuracy number and min SRS BW (BWmin) is to be checked from link level results, once RAN4 has agreed on the side conditions.
Table 2: Template for gNB TOA estimation accuracy requirements
	Accuracy (Tc)
	SCS (kHz)
	PRB num

	
	15/30/60/120
	BWmin-40

	
	
	44-84

	
	
	88-168

	
	
	172-max


Proposal 2: RAN4 to define the accuracy requirements agnostic to comb and symbols size.
Proposal 3: Use 8Tc as the group delay calibration margin for gNB Rx-Tx and UL-RTOA accuracy.
Proposal 4: Captured in the specification the propagation channel models based on which the accuracy requirements are derived.

	R4-2102781
	Huawei, HiSilicon
	Observation 1: The performance is very dependent on SNR conditions.
Observation 2: The performance difference between different comb and symbol size is mainly seen at low SNR and small BW.
Observation 3: The performance are quite dependent on the channel profile. 
Observation 4: The accuracy improves in proportion with BW in Hz due to better resolution.

	R4-2102782
	Huawei, HiSilicon
	Draft CR



Sub-topic 3-1: gNB Rx-Tx requirements
Issue 3-1-1: Baseline gNB Rx-Tx accuracy without margin
· Option 1: E///
· Baseline accuracy without margin are based on link simulation results
· Other options not precluded
· Recommended WF:
· Agree on option 1.
Issue 3-1-2: RF and implementation margins for final gNB Rx-Tx accuracy
What margin is needed?
· Option 1: CATT
· 2 times calibration error
· Option 2: HW
· group delay calibration margin = 8 Tc
· Other options not precluded
· Recommended WF:
· Need further discussion.
Issue 3-1-3: gNB Rx-Tx accuracy agnostic to comb and symbols size
· Option 1: HW
· Define gNB Rx-Tx accuracy agnostic to comb and symbols size
· Other options not precluded
· Recommended WF:
· Need further discussion.
Issue 3-1-4: gNB Rx-Tx accuracy defined based on which side conditions? 
· Option 1: E///
· Define gNB Rx-Tx accuracy based on SINR and SRS BW
· Option 2: HW
· Define gNB Rx-Tx accuracy based on SINR, SRS SCS and SRS BW
· Other options not precluded
· Recommended WF:
· Need further discussion.
Issue 3-1-5: Applicable propagation channel for gNB Rx-Tx accuracy 
· Option 1: HW
· Specify propagation channel model in spec for which gNB Rx-Tx accuracy shall apply
· Other options not precluded
· Recommended WF:
· Need further discussion.
Sub-topic 3-2: CRs for gNB Rx-Tx
•	Directly provide comments on the cat B draft CRs, if any, in section 3.2.2.
Companies views’ collection for 1st round 
Open issues 
Issue 3-1-1: Baseline gNB Rx-Tx accuracy without margin
	Company
	Comments

	Ericsson
	Agree with the recommended WF

	Huawei
	Support the recommended WF

	CATT 
	Fine with the recommended WF. 

	Nokia
	We agree that baseline performance can be evaluated without margin in order to determine dependency on BW, SCS, Ês/Iot, SRS configuration parameters and identify the final SRS configurations for deriving accuracy requirements. As we point out in our contribution, further link simulation assumptions should be aligned or at least reported such as simulation length, modelling of transmitter and radio channel in terms of sampling rates / FFT sizes and number of SRS samples per measurement. Hence we propose to add 
Option 1a:
Baseline accuracy without margin are based on link simulation results. Simulation assumptions on simulation length, modelling of transmitter and radio channel in terms of sampling rates / FFT sizes and number of SRS samples per measurement shall be described by each proponent. 

	Intel
	Fine with the recommended WF.

	Qualcomm
	Agree with the recommended WF.



Issue 3-1-2: RF and implementation margins for final gNB Rx-Tx accuracy
	Company
	Comments

	Ericsson
	Group delay calibration margin is implementation dependent and varies across frequency range, CBW, antenna topology and more factors. Therefore, these factors leading to a group delay calibration error difference shall be analyzed.

	Huawei
	We are fine to further study the group delay calibration error, and we look forward to other companies’ views.

	CATT
	Option 1 in principle and the value of calibration error can be further studied. 

	Nokia
	We can neither agree to option 1 nor option 2. The group delay calibration margin is implementation dependent and depends as well on the final SRS configurations for deriving accuracy requirements.

	Intel
	Same comments for Issue 2-1-2

	Qualcomm
	Needs to be studied and analyzed further.


Issue 3-1-3: gNB Rx-Tx accuracy agnostic to comb and symbols size
	Company
	Comments

	Ericsson
	If 3-1-1 option 1 is agreed, link level simulations shall be carried out with the agreed Ês/Iot side conditions, to check if dependency can be neglected or is non-existent. Ranges of values with same range of measurement accuracy should of course be summarized for the measurement accuracy requirements table for simplicity. If all comb size and symbol size values lead to the same accuracy result, they can be considered negligible for requirement definition.

	Huawei
	We are fine to further study.
Option 1 is based on our simulation results, and we can further discuss when more results are available.

	CATT 
	Further study based on the link level simulation. 

	Nokia
	Regarding option 1, as commented above for general part, we cannot yet conclude, so we don’t support it. Further investigation is needed to identify, if for some SRS configurations there is a dependency.

	Qualcomm
	Same comment as for issue 2-1-3.

	
	



Issue 3-1-4: gNB Rx-Tx accuracy defined based on which side conditions? 
	Company
	Comments

	Ericsson
	If there are link level simulation results which concur on that there can be different SRS BW groups which need different measurement accuracy values for different SRS SCS settings, we can reevaluate. At the moment, only the grouping into different SRS BW groups is clearly needed. Support option1, other dependencies shall not be excluded and are FFS.

	Huawei
	We support option 2.
gNB Rx-Tx is timing measurement, and the resolution of the TOA estimation is determined by PRB number of the SCS. The resolution will further determine the achievable accuracy, e.g. if the resolution is 32 Tc, then error of one sample in the TOA estimation corresponds to an inaccuracy of 32 Tc. Therefore, unlike SRS-RSRP, the SCS has to be included. 

	CATT
	Fine with SINR and SRS BW. Dependency of SCS can be further study based on the link level simulation. 

	Nokia
	As for issue 3-1-3, we can determine the dependency on Ês/Iot, BW and SCS upon further investigation.  

	Qualcomm
	The parameters in option 2 should be considered in the definition of accuracy requirements. Number of intra-slot repetitions (of the comb pattern) may also be taken into account. This is related to issue 1-5-1 (“single shot”).

	
	



[bookmark: _Hlk62733427]Issue 3-1-5: Applicable propagation channel for gNB Rx-Tx accuracy
	Company
	Comments

	Ericsson
	Measurement accuracy requirement should be a per hardware unit specified value (optionality as discussed and agreed, declaration by manufacturer) and not be dependent by external factors and different deployment environments.

	ZTE
	We don’t agree with Option 1. Same view as Ericsson and we don’t feel it realistic to specify propagation models in the spec and to set requirements according to them. The testability will also be an issue.

	Huawei
	We support option 1.
The same issue is being discussed also for the UE side. The technical reason is that different propagation channel models have different power-delay profile, and it causes different challenges in TOA estimation, which is to find the timing of the first path.
The performance difference in different propagation channel models is clearly observed in our simulation results, and we need to take in into account in the requirements. 

	CATT
	Same as UE side, the accuracy requirements are defined considering fading channel but can capture the channel mode which is used for deriving accuracy requirements in the specification. 

	Nokia 
	Regarding option 1, we note that the proposal in R4-2102780 refers to several propagation channel models, to be captured in the specification, rather than one. In fact, we propose to align to methodology taken for DL, where the discussion is about whether to include or exclude TDL-C channel for applicability requirements.

	Qualcomm
	We don’t agree with Ericson’s comment. Accuracy is not impacted by external factors, e.g. propagation conditions? At the very least, for informative purposes, option 1 should be considered.
We would recommend defining accuracy requirements (at least) for AWGN, at least for the timing measurements (e.g. gNB Rx-Tx time difference).



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2101790
	Ericsson: Note 6: Measurement accuracy dependencies other than SRS Ês/Iot and SRS bandwidth are still FFS

	
	Huawei: need to wait for technical conclusions.

	
	Nokia: The proposed template cannot be endorsed, as inclusion of SCS=60 kHz for FR1 should be discussed and the dependency of SRS symbols / comb-size needs to be further investigated. Table numbering in text is wrong.

	R4-2102782
	Ericsson: side condition values for Ês/Iot are not agreed upon yet and have to be defined.

	
	Huawei: need to wait for technical conclusions.

	
	Nokia: The proposed template cannot be endorsed, as Ês/Iot side conditions are not agreed. Rationale for splitting into these SRS BW groups should be provided. On the conditions, the case of BS type 1-O is missing.




Summary for 1st round 
Open issues 

Issue 3-1-1: Baseline gNB Rx-Tx accuracy without margin
	
	Status summary 

	Sub-topic#3-1, Issue 3-1-1
	Tentative agreements:
· Baseline accuracy without margin are based on link simulation results
Recommendations for 2nd round: None



Issue 3-1-2: RF and implementation margins for final gNB Rx-Tx accuracy
	
	Status summary 

	Sub-topic#3-1; issue 3-1-2
	Tentative agreements: None
Candidate options:
· Option 1: 
· 2 times calibration error
· Option 2: 
· group delay calibration margin = 8 Tc
· Option 3: 
· Depends on frequency range, SRS configuration and implementation (e.g. antenna)
· Other options not precluded

Recommendations for 2nd round: Discuss further



Issue 3-1-3: gNB Rx-Tx accuracy agnostic to comb and symbols size
	
	Status summary 

	Sub-topic#3-1; issue 3-1-3
	Tentative agreements:
· FFS whether gNB Rx-Tx accuracy is agnostic to or depends on comb and symbols size
· Decision will be based on link simulation results
Recommendations for 2nd round: None



Issue 3-1-4: gNB Rx-Tx accuracy defined based on which side conditions?
	
	Status summary 

	Sub-topic#3-1; issue 3-1-4
	Tentative agreements:
· Agreements related to side conditions:
· Agreement on Ês/Iot1 and Ês/Iot2 (Issues 1-1-1 and 1-6-1)
· Agreement on SRS BW grouping and SRS BWs (issues 1-1-2, 1-3-1 and WF in R4-2012140)
· Other SRS parameters as part of side conditions are FFS
Recommendations for 2nd round: Need further discussion for other SRS parameters



Issue 3-1-5: Applicable propagation channel for gNB Rx-Tx accuracy
	
	Status summary 

	Sub-topic#3-1; issue 3-1-5
	Tentative agreements: None
Candidate options:
· Option 1: 
· Specify propagation channel model in specification for which gNB Rx-Tx accuracy shall apply
· Applicable channel model(s) (if specified) is FFS
· Option 2: 
· gNB Rx-Tx accuracy are defined for AWGN
· Other options not precluded
Recommendations for 2nd round: Need further discussion



Suggestion 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 provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2101790
	Postponed

	R4-2102782
	Postponed



Discussion on 2nd round (if applicable)
Open issues 
Issue 3-1-2: RF and implementation margins for final gNB Rx-Tx accuracy

· Option 1: 
· 2 times calibration error
· Option 2: 
· group delay calibration margin = 8 Tc
· Option 3: 
· Depends on frequency range, SRS configuration and implementation (e.g. antenna)
· Other options not precluded

	Company
	Comments

	Huawei
	Can be FFS

	Ericsson
	Support option 3. Margin values shall be further studied.

	CATT
	Support option 1 as baseline, the exact value can be FFS. 

	Nokia
	We support option 3. The margin depends on several factors (e.g. implementation margin needs to account for long-term impairments).

	
	

	
	



Issue 3-1-3: gNB Rx-Tx accuracy agnostic to comb and symbols size
· Comment on whether gNB Rx-Tx accuracy is agnostic to comb and symbols size?
	Company
	Comments

	Huawei
	In our view, gNB Rx-Tx accuracy can be defined agnostic to comb and symbols size, but we are open to further check via link level simulations.

	Ericsson
	The dependency on comb and symbol size is still FFS. If upcoming link level simulation results show agnostic behaviour we can reiterate.

	CATT
	Based on simulation results. 

	Nokia
	As commented under issue 1-3-1 in 2nd round, further link simulation results need to be made available to determine dependency on SCS, comb size and SRS size.

	
	

	
	



Issue 3-1-4: gNB Rx-Tx accuracy defined based on which side conditions?
· Comment on SRS parameters other than SRS BW needed (if any) in gNB Rx-Tx side conditions
	Company
	Comments

	Huawei
	Same comments as for Issue 1-1-2. 

	Ericsson
	See issue 1-3-1

	Nokia
	As commented under 1-3-1.

	
	

	
	

	
	



Issue 3-1-5: Applicable propagation channel for gNB Rx-Tx accuracy

· Option 1: 
· Specify propagation channel model in specification for which gNB Rx-Tx accuracy shall apply
· Applicable channel model(s) (if specified) is FFS
· Option 2: 
· gNB Rx-Tx accuracy are defined for AWGN
· Other options not precluded
	Company
	Comments

	ZTE
	We prefer Option 2.

	Huawei
	We are fine with either option.

	Ericsson
	Support option 2

	CATT
	Fine with option 2. 

	Nokia
	We support option 2. 

	
	



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2101790 (return to)
	

	
	

	
	

	R4-2102782 (return to)
	

	
	

	
	



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  

	R4-2101790 XXX
	NotedBased on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2104053 (Rev of R4-2102782)
	Return to



Topic #4: UL RTOA requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2100452
	CATT
	Not available

	R4-2100453
	CATT
	Link simulation result not available

	R4-2101801
	Ericsson
	Observation 1: The implementation of a UL-RTOA positioning method vastly differs from the gNB Rx-Tx method.
Observation 2: The positioning techniques using UL-RTOA or gNB-RxTx respectively have different closest common timing references
Observation 3: The closest common timing reference for a positioning technique using UL-RTOA is dependent on many factors which can vary in a deployment used for positioning itself
Observation 4: In any case, it can be assumed that the closest common timing reference for multiple gNBs used for UL-RTOA based positioning is always further away from the antenna reference point than for gNB-RxTx based positioning
Observation 5: Actual positioning accuracy using UL-RTOA measurement method is unfeasible to be tested
Observation 6: While the agreed optionality for gNB measurement accuracy requirements still should be valid for UL-RTOA measurements, the resulting impacts on positioning with an actual multi-vendor deployment using UL-RTOA measurement method would be unfeasible to describe since accuracy is described on a as declared by manufacturer basis
Proposal 1: UL RTOA measurement accuracy requirements cannot be reused from gNB Rx-Tx accuracy requirements

	R4-2102692
	Nokia, Nokia Shanghai Bell
	Proposal 1:	For gNB supporting UL RTOA, minimum accuracy requirements will be specified for high Ês/Iot side condition referring to UE in serving cell and are mandatory. Minimum accuracy requirements will be specified also for low Ês/Iot side condition referring to UE in neighbor cell and are optional.

	R4-2102786
	Huawei, HiSilicon, CMCC
	Observation 1: There is no issue in re-using the gNB Rx-Tx time difference requirements for UL-RTOA.
Observation 2: gNB measurement requirements are necessary to guarantee the minimum performance of UL-based positioning techniques and UL-and-DL-based positioning techniques.
Observation 3: Not defining requirements for a measurement type means the measurement performance cannot be tested even the measurement is implemented.
Observation 4: UL-based positioning is an important use case, and it will not be supported by RAN4 requirements if RAN4 only defines gNB requirements for Rx-Tx time difference and SRS-RSRP.
Proposal: RAN4 to define gNB measurement accuracy requirements for UL-RTOA in the Perf part of the WI. The requirements for gNB Rx-Tx time difference are re-used.

	R4-2102787
	Huawei, HiSilicon
	



Sub-topic 4-1: UL RTOA requirements
Issue 4-1-1: Reuse of gNB-Rx-Tx time difference accuracy for UL RTOA accuracy
· Can gNB-Rx-Tx time difference accuracy be reused for defining UL RTOA accuracy?
· Option 1: HW, Nokia
· Yes
· Option 2: E///, Nokia
· No
· Recommended WF:
· Need further discussion
Issue 4-1-2: Side conditions for defining UL RTOA accuracy 
In issue 4-1-1, if option 1 is agreeable, then side conditions under which UL RTOA accuracy is defined 
· Option 1: Nokia
· UL RTOA accuracy defined only for high Ês/Iot side condition (i.e. corresponding to serving cell) is mandatory for gNB supporting UL RTOA.
· UL RTOA accuracy defined for low Ês/Iot side condition (i.e. corresponding to neighbor cell) is optional even for gNB supporting UL RTOA.
· Option 2: HW
· UL RTOA accuracies defined for both high and low Ês/Iot side conditions (like for gNB Rx-Tx) are mandatory.
· Other options not precluded
· Recommended WF:
· Need further discussion.
Sub-topic 4-2: CRs for UL RTOA
•	Directly provide comments on the cat B draft CRs, if any, in section 4.2.2.
Companies views’ collection for 1st round 
Open issues 
4-1-1: Reuse of gNB-Rx-Tx time difference accuracy for UL RTOA accuracy
	Company
	Comments

	Ericsson
	Support option 2

	Huawei
	We support option 1.
In our understanding, the analysis in Ericsson paper R4-2101801 is mixing the UL-TDOA positioning accuracy and gNB UL-RTOA measurement accuracy. In our view, UL-RTOA is a single node measurement, the Rx time is measured from SRS, and the reference time is determined by the gNB based on LMF configuration. The measurement has nothing to do with other gNBs or the synchronization with other gNBs, and there is no "common timing reference" in the UL-RTOA measurement. How to calibrate the timing among different gNBs is up to NW implementation.
What RAN4 is defining is the gNB measurement accuracy requirements, and the measurement in UL-RTOA is the SRS receive timing. This is same as gNB Rx-Tx measurement, where the accuracy is determined by SRS receive timing, so we suggest to re-use the gNB Rx-Tx requirements for UL-RTOA.
To address Ericsson’s concern, we suggest to clarify that the reference time in the ideal UL-RTOA is determined by gNB’s own timing based on LMF configuration.

	CATT
	Option 1. 

	Nokia 
	We do not support option 1, as a reuse of the gNB Rx-Tx time difference accuracy was not discussed in our contribution. We agree with Ericsson’s observation in R4-2101801, that neither for high Ês/Iot side condition, nor for low Ês/Iot side condition a reuse of the accuracy requirements is possible, as the accuracy of the measurement for UL RTOA depends in both cases on external factors such as gNB timing difference versus a reference time, set by another network entity (LMF), and different gNB implementations, which is not the case for gNB Rx-Tx time difference being derived in the same network entity. Thus, we support option 2, and hence not to define UL RTOA accuracy requirements for gNB.

	Intel
	If the SINR side condition is same, Option 1 is fine. It seems up to the issue 4-1-2 

	
	



Issue 4-1-2: Side conditions for defining UL RTOA accuracy
	Company
	Comments

	Huawei
	Same comment as Issue 1-6-1.

	Nokia
	We withdraw option 1.

	
	

	
	

	
	

	
	



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2102787
	Ericsson: the definition of UL RTOA measurement accuracy requirements is not agreed 

	
	Huawei: need to wait for technical conclusions.

	
	Nokia: We are against introducing UL RTOA accuracy requirements.

	
	

	
	

	
	




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.
4-1-1: Reuse of gNB-Rx-Tx time difference accuracy for UL RTOA accuracy
	
	Status summary 

	Sub-topic#4-1; issue 4-1-1
	Agreements from GTW on 28th Jan:
Agreement
· Further identify how to derive reference time in the ideal UL-RTOA (e.g. whether it is determined by gNB’s own timing based on LMF configuration). 
· If no consensus reached in the 2nd round, then further send LS to RAN1 and RAN3 to clarify the procedure.

Recommendations for 2nd round: Further discuss how reference time is derived in the ideal UL-RTOA



4-1-2: Side conditions for defining UL RTOA accuracy
	
	Status summary 

	Sub-topic#4-1; issue 4-1-2
	Tentative agreements: 
· If UL RTOA is to be defined then follow agreements on side conditions under issue 1-1-1 and issue 1-6-1.
Recommendations for 2nd round: None




Suggestion 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 provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2102787
	Postponed



Discussion on 2nd round (if applicable)
Open issues 
4-1-1: Reuse of gNB-Rx-Tx time difference accuracy for UL RTOA accuracy

Agreement from GTW:
· Further identify how to derive reference time in the ideal UL-RTOA (e.g. whether it is determined by gNB’s own timing based on LMF configuration). 
· If no consensus reached in the 2nd round, then further send LS to RAN1 and RAN3 to clarify the procedure.
Discussion for 2nd round:
Comment on how reference time in the ideal UL-RTOA is determined by gNB and whether it has any issue for defining UL RTOA accuracy?
	Company
	Comments

	Huawei
	In our view, how to define the reference time in ideal UL-RTOA should be RAN4 scope, since “ideal” UL-RTOA is only used in RAN4 accuracy requirements. 

The definition of UL-RTOA is coped here:
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in Reception Point (RP) [18]  j, relative to the RTOA Reference Time [16]. 

The UL RTOA reference time is defined as , where
-	 is the nominal beginning time of SFN 0 provided by SFN Initialization Time [15, TS 38.455]
-	, where  and  are the system frame number and the subframe number of the SRS, respectively.

Multiple SRS resources can be used to determine the beginning of one subframe containing SRS received at a RP.



There can be 2 options to define the reference time in the ideal UL-RTOA: 
· Option 1: it is based on gNB’s interpretation of the SFN initialisation Time, and thus determined by gNB local timing.
· Option 2: it is based on an external interpretation of the SFN initialisation Time

Our preference is option 1 because it can avoid dependency of measurement accuracy on gNB synchronization. As such UL-RTOA is a single node measurement, and the measurement accuracy solely depends on the TOA estimation based on SRS, and the requirements from gNB Rx-Tx can be re-used. 

	Ericsson
	On proposed options on reference time from Huawei, we will need further discussion on how to define the reference time without mandating certain gNB implementation. The findings should also be compliant to the standard. We are open to discuss these two options, but other options should still be open for discussion. We prefer to further discuss this next meeting.

	Nokia
	It is unclear what is meant by the term “ideal UL-RTOA”. This term does neither appear in TS 38.215 nor other RAN1 specifications. Huawei say the term “ideal” UL-RTOA is only used in RAN4 accuracy requirements. However, the concept has not been described in a RAN4 contribution so far and thus, we also prefer to discuss this further in the next meeting.

	
	

	
	

	
	



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”



