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The scope of this email discussion is UE RRM requirements for NR positioning from the following agenda items:
· AI 6.5.2.2.1 RRM Perf requirements: General
· AI 6.5.2.2.2. Measurement accuracy requirements
· AI 6.5.2.2.3 Test cases 
· 
In providing comments, companies are encouraged to:
· Be concise
· Provide comments on all topics/sub-topics of interest 
· Ensure that comments are inserted in the latest version of the document by checking the folder before uploading
· Use “Track changes” to help identify added comments/changes
Topic #1: General performance requirements for NR Positioning (AI 6.5.2.1)
Companies’ contributions summary

	T-doc number
	Company
	Proposals / Observations

	R4-2111330 Draft Big CR: Introduction of Rel-16 NR Positioning RRM performance requirements and test cases
	Ericsson, Intel
	

	
	
	



Open issues summary and companies views’ collection for 1st round 
N.A.

Open issues 
N.A.
CRs/TPs comments collection
	CR/TP number
	Comments collection

	
	

	
	

	
	

	
	



Summary for 1st round 
Open issues 
CRs/TPs
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-211130
	Big CR, to be further revised to capture agreements in this meeting.

	
	

	
	

	
	




Discussion on 2nd round 
Please only comment on topics that are selected for discussion in 2nd round.
Sub-topic#1-1 
Summary on 2nd round 

Topic #2: Measurement Accuracy Requirements for PRS RSTD (AI6.5.2.2.2.1)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2108784 
	 ZTE
	Proposal 1: For UE Rx-Tx and RSTD measurements in FR1, add a group delay calibration margin of 4 ns * (100/BW), where BW is the PRS bandwidth in MHz, to the accuracy requirements.


	R4-2109093
	CATT
	Proposal 1: Define one set of requirements (i.e. do not define additional requirements for AWGN). 
Proposal 2: Test cases for accuracy requirements are defined for AWGN conditions. 
Proposal 3: Margin equals to zero if the reference and neighbouring resources are on the same frequency layer in FR1 and FR2. 
Proposal 4: Frequency drift margin is not needed. 
Proposal 5: The accuracy requirements for 60kHz in FR2 are defined the same as that for 120kHz. 
Proposal 6: Use the following template for defining RSTD measurement accuracy requirements in which X is the accuracy based on simulation results. 
Table 1: RSTD accuracy in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor
(

	±[X+Z]
	≥[24]
	15
	≥[4]

	±[X+Z]
	≥[52]
	
	All

	±[X+Z]
	>[104]
	
	All

	±[X+Z]
	≥[48]
	30,60
	All

	Note: Z is the calibration margin. Z equals to zero when the reference and 
neighboring resources are on the same layer and equals to [32Tc] when 
they are on different layers. 



Table 2: RSTD accuracy in FR2
	Accuracy,
Tc
	PRS BW,
PRB
	PRS SCS,
kHz
	Repetition factor
(

	±[X+Z]
	≥[24]
	60/120
	≥[4]

	±[X+Z]
	≥[64]
	
	All

	Note: Z is the calibration margin. Z equals to zero when the reference and 
neighboring resources are on the same layer and equals to [32Tc] when 
they are on different layers.




	R4-2109235
	Intel Corporation
	Proposal 2: The requirements based on the different PRS measurement bandwidth can be:
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[TBD]
	≥[24]
	15
	≥4

	[TBD]
	≥[52]
	
	All

	[TBD]
	>[104]
	
	All

	[TBD]
	≥[48]
	30,60
	All

	[TBD]
	≥[132]
	
	All



Proposal 3: RAN4 shall NOT define the additional requirements for AWGN channel.


	R4-2109862
	Qualcomm Incorporated
	Proposal 1: RAN4 should define separate NR positioning measurement accuracy requirements for AWGN and fading propagation conditions.
Proposal 2: RAN4 will add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2. FFS the exact values of the margins for FR1 and FR2.
Observation 2: The group delay calibration margin should scale inversely with PRS bandwidth.
Proposal 3: RAN4 should discuss the assumptions for UE frequency error and separation between PRS resources and decide on a frequency drift margin to be added to RSTD measurement requirements.
Proposal 4: Structure for RSTD accuracy requirements. The frequency ranges for each SCS may be modified based on finalized simulation results.
	Accuracy 
(Tc)
	PRS BW 
(PRB)
	PRS SCS
(kHz)
	Repetition factor
(

	[TBD]
	≥ [24]
	15
	≥ [4]

	[TBD]
	≥ [52]
	
	≥ [1] 

	[TBD]
	≥ [104]
	
	≥ [1]

	[TBD]
	≥ [268]
	
	≥ [1]

	[TBD]
	≥ [48]
	30
	≥ [1]

	[TBD]
	≥ [132]
	
	≥ [1]

	[TBD]
	≥ [272]
	
	≥ [1]

	[TBD]
	≥ [24]
	60
	≥ [4]

	[TBD]
	≥ [64]
	
	≥ [1]

	[TBD]
	≥ [132]
	
	≥ [1]


Table 1: RSTD accuracy in FR1

	Accuracy 
(Tc)
	PRS BW 
(PRB)
	PRS SCS
(kHz)
	Repetition factor
(

	[TBD]
	≥ [24]
	60
	≥ [4]

	[TBD]
	≥ [64]
	
	≥ [1] 

	[TBD]
	≥ [132]
	
	≥ [1]

	[TBD]
	≥ [24]
	120
	≥ [4]

	[TBD]
	≥ [32]
	
	≥ [4]

	[TBD]
	≥ [64]
	
	≥ [1]

	[TBD]
	≥ [128]
	
	≥ [1]


Table 2: RSTD accuracy in FR2


	R4-2109938
	vivo
	Proposal 1: There is no need to define additional set of accuracy requirements for RSTD and UE Rx-Tx measurement under AWGN.
Proposal 2: Tests to verify RSTD and UE Rx-Tx accuracy requirements under fading channel can be considered if feasibility is possible in terms of TE complexity.
[Moderator notes: can be discussed in Topic #5]
Proposal 3: Add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2
Proposal 4: Additional margin due to frequency drift for RSTD accuracy can be considered if it is necessary.
Proposal 5: The RSTD accuracy requirements are proposed as in Table 1a and Table 2a for FR1 and FR2 respectively.
Table 1a: RSTD accuracy requirements in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor
(

	[TBD]
	≥[24]
	15
	≥[4]

	[TBD]
	≥[52]
	
	All

	[TBD]
	>[104]
	
	All

	[TBD]
	≥[48]
	30
	All

	[TBD]
	≥[132]
	
	All

	[TBD]
	≥[64]
	60
	All


Table 2a: RSTD accuracy requirements in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor
(

	[TBD]
	≥[24]
	60
	≥[4]

	[TBD]
	≥[64]
	
	All

	[TBD]
	≥[32]
	120
	All

	[TBD]
	≥[64]
	
	All




	R4-2110125
	OPPO
	Proposal 1: Define single set of requirements for AWGN and fading conditions.
Proposal 2: Do not define test cases for fading conditions in FR1.
Proposal 3: The number of “1” in MutingPattern-r16 for mutingOption2-r16 should be used to calculate PRS resource repetition factor for RSTD accuracy.
Proposal 4: Discuss whether and how to calculate PRS resource repetition factor for RSTD accuracy when partial PRS resource repetitions are within MG.
Proposal 5: For RSTD measured with PRS resources with different SCSs, UE follows the accuracy requirements for the smaller SCS.
Proposal 6: For RSTD measured with PRS resources in different FR ranges, UE follows the accuracy requirements for FR1.
Observation 1: The following scenarios should be considered when defining PRS-RSTD accuracy requirements:
· The PRS resources from reference cell and neighbour cell are configured with different SCSs.
· The PRS resources from reference cell and neighbour cell are configured in different FR ranges.


	R4-2110126
	OPPO
	CR

	R4-2110883
	Huawei, HiSilicon
	Proposal 1: Define two sets of requirements for AWGN and fading channel respectively. 
Proposal 2: For each set of requirements, capture in the specification the propagation channel model based on which the requirements are derived.
Proposal 3: RAN4 to consider the following tables for defining RSTD accuracy requirements. Some BW ranges can be merged, if the accuracy numbers are similar when considering the margins.
Table 1: Template for RSTD accuracy requirements FR1 with fading channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	15
	≥4

	
	≥52
	
	≥1

	
	≥104
	
	≥1

	
	≥[200]
	
	≥1

	
	≥48
	30
	≥1

	
	≥132
	
	≥1

	
	≥24
	60
	≥4

	
	≥64
	
	≥1


Table 2: Template for RSTD accuracy requirements FR2 with fading channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	60
	≥4

	
	≥64
	
	≥1

	
	≥24
	120
	≥1

	
	≥64
	
	≥1


Table 3: Template for RSTD accuracy requirements FR1 with AWGN channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	15
	≥1

	
	≥52
	
	≥1

	
	≥104
	
	≥1

	
	≥[200]
	
	≥1

	
	≥48
	30
	≥1

	
	≥132
	
	≥1

	
	≥[200]
	
	≥1

	
	≥24
	60
	≥1

	
	≥64
	
	≥1

	
	≥132
	
	≥1


Table 4: Template for RSTD accuracy requirements FR2 with AWGN channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	60
	≥1

	
	≥64
	
	≥1

	
	≥132
	
	≥1

	
	≥24
	120
	≥1

	
	≥64
	
	≥1

	
	≥128
	
	≥1


Proposal 4: Add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2, regardless if the reference resource and neighbor resource are on the same PFL or not.
Proposal 5: Add a margin of +/-32Tc for RSTD accuracy requirements, provided that the separation between the reference resource and the neighbor resource is within 160ms.

	R4-2110884
	Huawei, HiSilicon
	Draft CR

	
	
	



Open issues summary and companies’ views collection for 1st round
Sub-topic 2-1 Applicable propagation channel for accuracy requirement
[Moderator notes: In the last meeting, the following agreements were achieved.
· PRS-RSTD and UE Rx-Tx measurement accuracy requirements 
· Requirements for fading conditions shall be defined
· FFS: Additional set of requirements for AWGN 
· Test cases for accuracy requirements are defined for 
· AWGN conditions
· FFS: fading conditions for FR1
Hereby, we would like to focus on the requirements sets needed.
· FFS: Additional set of requirements for AWGN 
]
· Option 1 (vivo, Intel, OPPO). 
· No need to define the additional accuracy requirement for AWGN
· Option 2 (Qualcomm): 
· Define separated set requirements for AWGN beside the requirements for the fading channels
· Option 2a (Huawei): 
· Define additional set requirements for AWGN 
· Captured in the specification the propagation channel models based on which the accuracy requirements are derived
Recommended WF: Regarding to the timeline and no real estimation error can be identified under AWGN, can we agree the following proposal.
“Proposal: Only requirements for fading conditions will be defined for NR RSTD and UE Rx-Tx time difference measurement accuracy in Rel16. “
	Company
	Comments

	Intel
	Support the recommended WF. We need not the requirements for AWGN. 

	Qualcomm
	We support options 2 and 2a. We don’t see a significant impediment to defining requirements for AWGN since several companies already submitted simulation results for AWGN channel. Also, comparing results from different companies, there is less variability across the results for AWGN vs. fading. The test cases will be defined for AWGN according to the recommended WF in sub-topic 5-1. So work on test case definition can proceed. 

	CATT
	Fine with the recommended WF. We think one set of requirements is enough. 

	OPPO
	Agree with the recommended WF.

	vivo
	Support the recommended WF.

	Huawei
	We support option 2a but we can also compromise to option 1 to move forward.
Regardless of whether we define AWGN requirements or not, we think we should capture in the specification the propagation channel models based on which the accuracy requirements are derived.

	E///
	Do not agree with WF.
We support option 2a or 2. We do not agree with option 1. We agree with QC we have extensive data for AWGN so requirements for AWGN does not need any extra effort.

	Moderator
	@Ericsson, Qualcomm
It is not true that the we have extensive data for AWGN requirements from the summary table below, we can see the available data is less than these for fading channel. 
Other essential reason is technically the error under AWGN channels observed is not come the PRS estimation itself. 
But in order to conclude this issue in this meeting, as a compromise proposal, could we agree the following AWGN requirements in topic 2-5 below?





Sub-topic 2-2 Applicability of accuracy requirement 
Sub-topic 2-2-1 Applicable accuracy requirement in case of PRS resources with different SCSs
· Option 1 (OPPO)
·  For RSTD measured with PRS resources with different SCSs, UE follows the accuracy requirements for the smaller SCS.

Recommended WF: Further discussion needed. Collect companies’ views.  
	Company
	Comments

	Intel
	In principle, when the PRS resources with different SCSs, UE follows the accuracy requirements which is looser.

	Qualcomm
	Note that PRS resources in the same PFL share a common SCS. i.e. different SCS implies different PFLs.
For RSTD measurements based on neighbor and reference PRS resources in different PFLs (e.g. PFLa with SCSa, num_PRBa and PFLb with SCSb, num_PRBb) in the same FR, the applicable accuracy requirements would be the larger (more relaxed) of the accuracy requirements assuming both resources are in the same PFL (either PFLa or PFLb). It is also assumed that non-zero delay calibration margin is added to the RSTD accuracy requirements (option 1 in sub-topic 2-3).
Note also that applicability of RSTD accuracy requirements for PRS resources on different PFLs may be more limited due to proximity conditions being discussed in sub-topic 2-4.

	CATT
	Share the same view that UE should follow the looser requirements. Can be considered together with the discussion on the margin of different positioning frequency layers. 

	OPPO
	We can start with discussion on whether RSTD accuracy requirements should be defined for PRS resources on different PFLs. If such scenario is valid for RSTD accuracy requirements, then option 1 should be supported. 

	vivo
	The requirements are specified for RSTD measurement with same PRS BW and same SCSs. 
If PRS resources for RSTD measurement have different PRS BW and/or SCSs, then the requirements with worse accuracy should apply.

	Huawei
	Same comment as Intel and QC. It is noted that the accuracy for a PFL does not depends on SCS but also on the RB number. 

	E///
	In our view we should discuss this rule once we have put all figures in the accuracy tables. We agree it is not only SCS but other parameters which will impact the RSTD accuracy when reference cell and neighbor cells on different PFLs have different SCS 

	Moderator
	All companies can acknowledge this issue. Thus in principle, we can agree:
“In case of the PRS configuration parameters (e.g. FR, SCS, PRS BW)  for the reference cell and neighbor cell are different, RAN4 can FFS the applicability rules on RSTD accuracy requirements in TEI stage.
· Option 1. For RSTD measured with PRS resources with different SCSs, UE follows the accuracy requirements for the smaller SCS.
· Option 2. when the PRS resources with different SCSs, UE follows the accuracy requirements which is looser
· Other options are not precluded”



Sub-topic 2-2-2 Applicable accuracy requirement in case of PRS resources in different FRs
· Option 1 (OPPO)
·  For RSTD measured with PRS resources in different FR ranges, UE follows the accuracy requirements for FR1.
Recommended WF: Further discussion needed. Collect companies’ views.  
	Company
	Comments

	Intel
	In principle, when the PRS resources in different FRs, UE follows the accuracy requirements which is looser.

	Qualcomm
	Specifying requirements for resources across FRs has additional complications since RAN4 is leaning towards defining accuracy requirements based on different fading channel models for FR1 and FR2. FFS if accuracy requirements will be specified for RSTD measurements based on neighbor and reference PRS resources in different FRs.
Note also that applicability of RSTD accuracy requirements for PRS resources on different PFLs may be more limited due to proximity conditions being discussed in sub-topic 2-4.

	CATT
	Not sure whether the RSTD measurement can be based on the PRS resources in different FRs. 

	OPPO
	kmin=[2] and kmax=5, when configured PRS resource of at least one of the reference cell and neighbor cell measured for the RSTD measurement is in FR1,
	kmin=0 and kmax=5, when configured PRS resource of both the reference cell and neighbor cell measured for the RSTD measurement are in FR2,
The above sentences in clause 10.1.23.3.1 imply that the RSTD may be measured from PRS resources on different FR ranges. That is the motivation behind this proposal. Similar as Sub-topic 2-2-1, we can discuss the applicability of RSTD accuracy requirements for such scenarios firstly.

	vivo
	Same comment as for sub-topic 2-2-1. For RSTD measurement in different FR, the PRS BW and SCS are different.

	Huawei
	Same comment as Intel. It is noted that FR1 requirements are not necessarily looser e.g. when both PFLs are with 60kHz SCS. 

	
	






Sub-topic 2-3 Group delay calibration margin
· Option 1(Huawei, Qualcomm, vivo) RAN4 will add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2. 
· FFS the exact values of the margins for FR1 and FR2.
· Option 1a( Qualcomm, ZTE): The group delay calibration margin should scale inversely with PRS bandwidth.
· Option 2(CATT) : 
· Margin equals to zero if the reference and neighbouring resources are on the same frequency layer in FR1 and FR2. 
· Margin equals to [32Tc] when they are on different layers.

Recommended WF: Further discussion needed. Collect companies’ views.  
	Company
	Comments

	ZTE
	Support Option 1 and 1a. Option 2 means huge issue since 32 Tc = 16 ns can itself introduce a positioning error of 5 meters, not to mention other sources of errors (as analyzed in our paper).

	Intel
	Support Option 1. We can agree this margin is needed firstly. If the exact value can be agreed in this meeting, it can be decided in the maintenance stage. 

	Qualomm
	Options 1 and 1a.

	CATT
	We are fine that the exact margin can be FFS. The point of option 2 is whether to define different margin for the case when PRS resources are in the same frequency layer and the case when the PRS resources are in the different frequency layers. 

	OPPO
	We can support option 1.

	vivo
	Support option 1.

	Huawei
	Options 1. We suggest to leave the exact value FFS in the meeting.

	E///
	Option 1. Keep values FFS

	Moderator
	Agree Option 1. And the exact value for margin can be discussed in the maintenance stage. 




Sub-topic 2-4 Frequency drift margin
· Option 1 (Qualcomm, vivo): Additional  frequency drift margin shall be added to RSTD measurement requirements.
· Option 1a(Huawei): Add a margin of +/-32Tc for RSTD accuracy requirements, provided that the separation between the reference resource and the neighbor resource is within 160ms
· Option 2(CATT): No frequency drift margin needed.
Recommended WF: Further discussion needed. Collect companies’ views.  
	Company
	Comments

	Intel
	Since this frequency drift may lead the error for the reference timing, we thought such margin is needed. Regarding to the exact value, +/-32Tc can be taken as the tentative agreements. 
So we can support Option 1a. 

	Qualcomm
	Option 1. We can support option 1a as baseline. Practically speaking, this would be limited to neighbor/reference in the same PFL. FFS for neighbor/reference in different PFLs.

	CATT
	We are fine to add this margin, the value can be FFS. 

	vivo
	We are fine to have additional margin for frequency drift. However, we think it should be included as part of RF calibration margin. The value can be FFS.

	Huawei
	Options 1. We are also fine to apply option 1a for same PFL case and leave the case with neighbor/reference in different PFLs FFS in this meeting.

	E///
	Option 1. Values are FFS

	Moderator
	Agree Option 1. And the exact value for margin can be discussed in the maintenance stage. 




Sub-topic 2-5 RSTD accuracy requirements for FR1/FR2
[Moderator notes:
Background:  In the last meeting the RSTD accuracy requirement can be defined with table below.
Table 1: RSTD accuracy in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[TBD]
	≥[24]
	15
	≥4

	[TBD]
	≥[52]
	
	All

	[TBD]
	>[104]
	
	All

	[TBD]
	≥[48]
	30,60
	All


Table 2: RSTD accuracy in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	TBD
	≥[24]
	60/120
	≥4

	[TBD]
	≥[64]
	
	All



The other two open issues are:
· FFS: The requirements for SCS=60k in FR2
· FFS: The number of PRS BW ranges for each SCS

Based on the collected simulation results in this meeting [R4-2109238], the performance requirements for the difference SCS with the similar PRS BW(one PRS BW  group)  and repetition factor can be summarized below.
· For AWGN:
	FR
	PRS BW (PRBs)
	SCS(kHz)
	rep
	Requirement(N.A.)
	

	
	
	
	
	Intel
	Ericsson
	vivo
	Huawei
	QC
	CATT
	OPPO
	avg
	

	FR1
	24
	15
	1
	109
	99
	109
	294
	322
	 
	 
	186
	

	
	24
	15
	4
	107
	104
	70
	186
	322
	 
	 
	158
	

	
	24
	60
	4
	51
	43
	35
	70
	 
	 
	 
	50
	

	
	52
	15
	1
	94
	106
	76
	95
	132
	 
	 
	101
	

	
	48
	30
	1
	49
	46
	38
	49
	68
	 
	 
	50
	

	
	64
	60
	1
	37
	25
	18
	23
	 
	 
	 
	26
	

	
	104
	15
	1
	24
	46
	35
	44
	59
	 
	 
	42
	

	
	132
	30
	1
	24
	25
	17
	23
	27
	 
	 
	23
	

	
	132
	60
	1
	 
	11
	8
	11
	 
	 
	 
	10
	

	
	268
	15
	1
	44
	25
	16
	0
	21
	 
	 
	21
	

	
	272
	30
	1
	13
	11
	8
	11
	11
	 
	 
	11
	

	FR2
	24
	60
	1
	29
	24
	41
	81
	 
	 
	 
	44
	

	
	24
	120
	1
	13
	17
	21
	37
	42
	 
	 
	26
	

	
	64
	60
	1
	46
	25
	18
	23
	 
	 
	 
	28
	

	
	64
	120
	1
	14
	76
	9
	11
	15
	 
	 
	25
	

	
	132
	60
	1
	28
	11
	8
	11
	 
	 
	 
	15
	

	
	128
	120
	1
	6
	6
	4
	 
	8
	 
	 
	6
	

	Note 1:  PRS_NormLenthPerSlot = (DL-PRS-NumSymbols x DL-PRS_ResourceRepetitionFactor) /DL-PRS-CombSizeN
Note 2: The number of samples for accuarcy requirements is 4.
	

	
	



· For fading channel :
	FR
	PRS BW 
	PRS BW (PRBs)
	SCS(kHz)
	rep
	RSTD accuracy Requirement(Tc)

	
	 
	
	
	
	Intel
	Ericsson
	vivo
	HW
	QC
	CATT
	OPPO
	avg
	Trim Avg 

	FR1
	group 1
	24
	15
	4
	234
	 
	112
	288
	260
	 
	 
	224
	247

	
	
	24
	60
	4
	252
	50
	43
	189
	 
	 
	 
	134
	120

	
	group 2
	52
	15
	1
	147
	87
	90
	148
	166
	300
	64
	143
	128

	
	
	48
	30
	1
	118
	51
	56
	144
	75
	322
	96
	123
	98

	
	
	64
	60
	1
	48
	23
	20
	29
	 
	 
	 
	30
	26

	
	group 3
	104
	15
	1
	102
	50
	42
	84
	74
	126
	64
	77
	75

	
	
	132
	30
	1
	48
	22
	18
	24
	24
	63
	16
	31
	27

	
	
	132
	60
	1
	39
	14
	10
	19
	 
	 
	 
	20
	20

	
	group 4
	268
	15
	1
	26
	22
	17
	24
	28
	39
	16
	24
	23

	
	
	272
	30
	1
	36
	14
	9
	18
	15
	 
	16
	18
	16

	FR2
	group 1-1
	24
	60
	1
	138
	44
	117
	813
	 
	 
	 
	278
	128

	
	
	24
	120
	1
	67
	141
	78
	444
	831
	 
	 
	312
	221

	
	group 1-2
	24
	60
	4
	60
	42
	45
	205
	 
	 
	 
	88
	53

	
	group 2
	64
	60
	1
	69
	67
	32
	60
	 
	 
	 
	57
	64

	
	
	64
	120
	1
	47
	35
	39
	62
	64
	 
	48
	49
	49

	
	group 3
	132
	60
	1
	26
	36
	32
	56
	 
	 
	 
	37
	34

	
	
	128
	120
	1
	41
	9
	31
	 
	55
	 
	12
	30
	28




From the results summarized above we can see.
Observation 0: Under the fading condition, for some simulation results there are still some large variance from the different companies. 
In order to obtain the more reliable average results which can be used to conduct the requirements, we can propose:
Proposal 0: The final average accuracy results shall be based on the trimmed averaging (exclude the results which is either smallest or largest).  
In the table above, the trimmed average results which exclude the smallest and largest number are also included. Based on these results, we can conclude that: 

From the results summarized above we can see.
Observation 1: Under AWGN condition, the accuracy with the different SCS are different because of the quantitation error depending on the sampling rate. 
 Observation 2: Under fading condition, the accuracy with the different SCS can be similar for some PRS BW and SCS combinations.

Therefore, could we agree the proposal below. 

Proposal 1: RSTD accuracy requirements under the fading channels can be:
Table 1: RSTD accuracy in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[247+margin]
	≥[24]
	15
	≥4

	[128+margin]
	≥[52]
	
	All

	[75+margin]
	>[104]
	
	All

	[TBD+margin]
	≥[24]
	30

	≥4

	[98+margin]
	≥[48]
	
	All

	[31+margin]
	≥[132]
	
	All

	[120+margin]
	≥[24]
	60

	≥4

	[26+margin]
	≥[64]
	
	All


Table 2: RSTD accuracy in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[53+margin]
	≥[24]
	60/120
	≥4

	[57+margin]
	≥[64]
	
	All

	[37+margin]
	≥[132]
	
	All



Proposal 2: If AWGN requirements shall be defined , RSTD accuracy requirements under AWGN can be:
Table 1: RSTD accuracy in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[181+margin]
	≥[24]
	15
	≥4

	[104+margin]
	≥[52]
	
	All

	[43+margin]
	>[104]
	
	All

	[TBD+margin]
	≥[24]
	30
	≥4

	[52+margin]
	≥[48]
	
	All

	[24+margin]
	≥[132]
	
	All

	[59+margin]
	≥[24]
	60

	≥4

	[27+margin]
	≥[64]
	
	All

	[11+margin]
	≥[132]
	
	All


Table 2: RSTD accuracy in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[54+margin]
	≥[24]
	60
	All

	[29+margin]
	≥[64]
	
	All

	[15+margin]
	≥[132]
	
	All

	[29+margin]
	≥[24]
	120
	All

	[25+margin]
	≥[64]
	
	All

	[6+margin]
	≥[132]
	
	All



]
Recommended WF: Check the proposals on the RSTD accuracy requirements above can be agreeable for companies.

	Company
	Comments

	Intel
	We support the requirements for fading channel in the recommended WF above. 
For the extra margin, it can be discussed separately. 
For the requirements AWGN, it is also up to the conclusion of topic 2-1. We prefer no requirements for AWGN. 

	Qualcomm
	For 24 PRB in FR1 and FR2 set num repetitions >= 4.
RAN4 needs to clarify that the TOA reference time is the first path in the PDP. If some companies assumed something different (e.g. the strongest tap) then a) exclude those results for now and b) they may update their results in the second round.
About observation 2, even if the accuracy based on simulation results is similar, the GD calibration margin may be different and may warrant having differentiated requirements. In the requirements we should try to cover the BW range simulated by companies. If in the end, the requirements look substantially the same (after adding margin) for BW groups, then they can be merged. This applies to both FR1 and FR2.
In proposal 1: 
a. Table 1, add row for SCS=15, PRB=268
b. Table 1, add row for SCS=30, PRB=272
c. Table 1, add row for SCS=60, PRB=132
d. Table 2, separate rows for SCS=60 and 120. (GD cal margin may be different)
e. Table 2 proposed numbers don’t match the trimmed average. ?.
In proposal 2:
a. Table 1, add row for SCS=15, PRB=268
b. Table 1, add row for SCS=30, PRB=272

	CATT
	We think when the bandwidth is larger than a certain value (e.g. 132 PRBs), the accuracy requirements should be same. Why the particular row for maximum bandwidth is needed?

	vivo
	For proposal 1, the requirements for FR2 would be specified for 60kHz and 120kHz SCS separately as requirements for FR1. At least for 64 PRBs, the sampling rate for 60kHz SCS and 120kHz SCS are assumed to be different. The accuracy value should just be based simulation results and principle to handle the results.
For the TOA reference time, we also think it should be clarified. But it would be better to be discussed under clause 6 for simulation results.

	Huawei
	In principle we are fine with the proposals from moderator with the exact number in [].
To QC, 268 or 272 is the largest or almost largest RB numbers. We think it may not be meaningful to define dedicated requirements for these few RB numbers, so we suggest to use, e.g. based on 200 RB if we are going to define another BW range. However, if we are only defining fading requirements based on sub-topic 2-1, the BW ranges in Table 1 may be enough.

	Moderator
	@Qualcomm, vivo
We can separated the requirements for 60k and 120k SCS
@Qualcoom
We also share the same views as HW and CATT, the larger BW (e.g. for SCS=15, PRB=268) is meanless because it is the maximum PRB size allowed in that numerology)

In summary, could we agree the following proposals on RSTD requirements.

Proposal 1: RSTD accuracy requirements under the fading channels can be:
Table 1: RSTD accuracy in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[247+margin]
	≥[24]
	15
	≥4

	[128+margin]
	≥[52]
	
	All

	[75+margin]
	>[104]
	
	All

	[TBD+margin]
	≥[24]
	30

	≥4

	[98+margin]
	≥[48]
	
	All

	[31+margin]
	≥[132]
	
	All

	[120+margin]
	≥[24]
	60

	≥4

	[26+margin]
	≥[64]
	
	All


Table 2: RSTD accuracy in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[53+margin]
	≥[24]
	60
	≥4

	[64+margin]
	≥[64]
	
	All

	[37+margin]
	≥[132]
	
	All

	[TBD+margin]
	≥[24]
	120
	≥4

	[49+margin]
	≥[64]
	
	All

	[30+margin]
	≥[132]
	
	All



Proposal 2: If AWGN requirements shall be defined , RSTD accuracy requirements under AWGN can be:
Table 1: RSTD accuracy in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[181+margin]
	≥[24]
	15
	≥4

	[104+margin]
	≥[52]
	
	All

	[43+margin]
	>[104]
	
	All

	[TBD+margin]
	≥[24]
	30
	≥4

	[52+margin]
	≥[48]
	
	All

	[24+margin]
	≥[132]
	
	All

	[59+margin]
	≥[24]
	60

	≥4

	[27+margin]
	≥[64]
	
	All

	[11+margin]
	≥[132]
	
	All


Table 2: RSTD accuracy in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[54+margin]
	≥[24]
	60
	All

	[29+margin]
	≥[64]
	
	All

	[15+margin]
	≥[132]
	
	All

	[29+margin]
	≥[24]
	120
	All

	[25+margin]
	≥[64]
	
	All

	[6+margin]
	≥[132]
	
	All








Sub-topic 2-5-1 Whether the separated requirements needed for each SCS
· Option 1 (Huawei, Qualcomm, vivo): Yes. 
· Option 1a (Intel): Yes for the requirements of AWGN only if needed.
· Option 2 (Intel): No 

Recommended WF: Check the proposals above can be agreeable for companies.

	Company
	Comments

	Intel
	No need to discuss this as it can be covered by subtopic 2-5

	Qualcomm
	Option 1. As mentioned above, even if the accuracy based on simulation results is similar for two SCS/PRB combinations, the GD calibration margin may be different and may warrant having differentiated requirements. In the requirements we should try to cover the BW range simulated by companies. In the end, if the requirements look substantially the same (after adding margin) for BW groups, then they can be merged. This applies to both FR1 and FR2.

	CATT
	The current recommended requirements have been differentiated for each SCS, what separation is further needed for each SCS?

	vivo
	It is better to have separated requirements for different SCS due to there is different accuracy observed. 

	Huawei
	We support option 1. As QC mentioned, if the requirements turn to be similar for two SCS-es, they are be merged later.

	E///
	Option 1



Sub-topic 2-5-2 PRS BW ranges for the requirements of fading channel
· Option 1 (Intel): 
(1) ≥132, SCS =30/60KHz in FR1
· Option 2 (Qualcomm)
(1) ≥132, SCS =30KHz in FR1
(2) ≥[272], SCS =30 KHz in FR1 [Moderator Notes: for 30k SCS, the maximum PRS BW is 272.]
(3) ≥[24], SCS =60 KHz in FR1
(4) ≥[64], SCS =60 KHz in FR1
(5) ≥[132], SCS =60 KHz in FR1
(6) ≥[132], SCS =60 KHz in FR2
(7) ≥[32], SCS =120 KHz in FR1
(8) ≥[128], SCS =120 KHz in FR2 
· Option 3 (vivo): 
(1) ≥132, SCS =30KHz in FR1
(2) ≥[64], SCS =60 KHz in FR1
(3) ≥32, SCS =120 KHz in FR2 
· Option 4 (Huawei): 
(1) ≥132, SCS =30KHz in FR1
(2) ≥[200], SCS =15 KHz in FR1
(3) ≥[24], SCS =60 KHz in FR1
(4) ≥24, SCS =120 KHz in FR2 

Recommended WF: Check the proposals in Sub-topic 2-5  can be agreeable for companies.
	Company
	Comments

	Intel
	No need to discuss this as it can be covered by subtopic 2-5

	Qualcomm
	See our comments under sub-topic 2-5.

	Huawei
	See our comments under sub-topic 2-5.



Sub-topic 2-5-3 PRS BW ranges for the requirements of AWGN
[Moderator notes: this is up to the sub-topic 2-2. 
Technically speaking, the accuracy of AWGN is dominated by the minimum sampling rate UE required. That is the different PRS BW and SCS combination may lead the different requirement sets.]
· Option 1 (Huawei)
· Table 3: Template for RSTD accuracy requirements FR1 with AWGN channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	15
	≥1

	
	≥52
	
	≥1

	
	≥104
	
	≥1

	
	≥[200]
	
	≥1

	
	≥48
	30
	≥1

	
	≥132
	
	≥1

	
	≥[200]
	
	≥1

	
	≥24
	60
	≥1

	
	≥64
	
	≥1

	
	≥132
	
	≥1


· Table 4: Template for RSTD accuracy requirements FR2 with AWGN channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	60
	≥1

	
	≥64
	
	≥1

	
	≥132
	
	≥1

	
	≥24
	120
	≥1

	
	≥64
	
	≥1

	
	≥128
	
	≥1



Recommended WF: Check the proposals in Sub-topic 2-5  can be agreeable for companies.
	Company
	Comments

	Intel
	No need to discuss this as it can be covered by subtopic 2-5

	Qualcomm
	See our comments under sub-topic 2-5.

	Huawei
	See our comments under sub-topic 2-5.



Sub-topic 2-5-4 Muting pattern and repetition factor
· Option 1(OPPO):  
· The number of “1” in MutingPattern-r16 for mutingOption2-r16 should be used to calculate PRS resource repetition factor for UE Rx-Tx time difference accuracy.
· Discuss whether and how to calculate PRS resource repetition factor for RSTD accuracy when partial PRS resource repetitions are within MG. 
Recommended WF: Further discussion needed. Collect companies’ views.
	Company
	Comments

	Intel
	Disagree Option 1. 
The muted PRS resource will not be counted into the measurement samples. As we assumed that [4] samples measured to be used to conduct the requirements, we don’t think this muting factor need to be considered when we define the accuracy requirements.

	Qualcomm
	We agree with the first bullet in option 1. It should be understood that muted PRS resources are neither transmitted nor measured.
Regarding the second bullet, our view is that partial PRS resource repetitions (slots) should not be counted.

	CATT
	We understand this is to calculate the repetition factor ( in the table. We are fine with option 1 in principle, and the note should be added in the accuracy requirements when muting option 2 is used, the number of “1” in MutingPattern-r16 should be used as . 

	OPPO
	The first bullet should be considered in the accuracy since the exact PRS repetition within each period is determined by the mutingOpiont2-r16. And we are also fine the suggestion from CATT. 
The second bullet introduces similar applicability as the following rule discussed in core part, to ensure the minimum number of repetitions of PRS are within MGL. 
For example, 
· If the time span of a DL PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than the configured measurement gap length excluding RF switching time, then measurement accuracy requirements do not apply for the PRS resource instance.

	Huawei
	We understand the number of samples and number of repetitions we are talking about in the accuracy requirements are actual available ones, i.e. those are not muted. Maybe we can clarify this with a note in the spec.
For the “partial PRS resource repetitions” in the second bullet, we think it relates to the core part discussion in email #214, i.e. when a resource is considered to be overlapped with MG.

	Moderator
	In the  performance requirements, these PRS samples/occasions shall be assumed as always available which UE can really measured. That is why we have not any conditions on the measurement gap availability . 
But if companies have consensus on some clarifications on ( needed, we can FFS this in TEI stage. 





CRs/TPs
[Moderator notes: suggest take one of these CR drafts as the baseline which can be revised in 2nd round discussion.] 

	CR/TP number
	Comments collection

	R4-2110884 (Huawei, Hi Silicon)
	Can be revised after we conclude the exact requirements. 

	
	

	
	

	R4-2110126
(OPPO)
	Can be combined with R4-2110884.

	
	

	
	

	
	

	
	

	
	



Summary for 1st round 
Open issues
	
	Status summary 

	Sub-topic#2-1
	 Applicable propagation channel for accuracy requirement
Tentative agreements:
GTW agreements:
· Agreements:
· PRS-RSTD and UE Rx-Tx measurement accuracy requirements
· Define an additional set of accuracy requirements for AWGN 
· Capture in the specification the propagation channel models based on which the accuracy requirements are derived

Candidate options:
Recommendations for 2nd round: FFS the exact requirements value in subtopic 2-5

	Sub-topic#2-2-1
	Applicable accuracy requirement in case of PRS resources with different SCSs
Tentative agreements: None
Candidate options:
· Option 1 (OPPO)
·  For RSTD measured with PRS resources with different SCSs, UE follows the accuracy requirements for the smaller SCS
· Option 2 (Intel, CATT, Huawei)
·  For RSTD measured with PRS resources with different SCSs, UE follows the accuracy requirements which is looser

Recommendations for 2nd round: Can be FFS. And check the following proposals is agreeable.
“In case of RSTD measurements on the different PFL,  the PRS configuration parameters (e.g. FR, SCS, PRS BW)  for the reference cell and neighbor cell are different.  RAN4 can FFS the applicability rules of RSTD accuracy requirements for this scenario in TEI stage if no consensus achieved in this meeting.
· Option 1. For RSTD measured with PRS resources with different SCSs, UE follows the accuracy requirements for the smaller SCS.
· Option 2. when the PRS resources with different SCSs, UE follows the accuracy requirements which is looser
· Other options are not precluded”

	Sub-topic#2-2-2
	Applicable accuracy requirement in case of PRS resources in different FRs
Tentative agreements: None
Candidate options:
· Option 1 (OPPO)
·  For RSTD measured with PRS resources in different FR ranges, UE follows the accuracy requirements for FR1.
Recommendations for 2nd round: Can be FFS. And check the following proposals is agreeable.
“The requirements of RSTD measurements on the different FRs can be in TEI stage.”


	Sub-topic#2-3
	Group delay calibration margin
Tentative agreements:
· RAN4 will add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2. 
· FFS the exact values of the margins for FR1 and FR2 in the maintenance stage.

 Candidate options:
· 
Recommendations for 2nd round: No further discussion. 

	Sub-topic#2-4
	Frequency drift margin
Tentative agreements:
· Additional  frequency drift margin shall be added to RSTD measurement requirements.
· FFS the exact values of this margins in the maintenance stage
Candidate options:
Recommendations for 2nd round: No further discussion.

	Sub-topic#2-5
	RSTD accuracy requirements for FR1/FR2
Tentative agreements:
GTW agreements:
· Agreements:
· Reference point of ideal RX time for RSTD accuracy requirements is the absolute arrival time of the first path of the receive signal
· Accuracy requirements will be finalized once the simulation results collection is finalized
· RSTD accuracy requirements under AWGN:
· [Requirements are based on the average of companies simulation results]
· [bookmark: _Hlk72699411]Margin value is FFS
Table 1: RSTD accuracy in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[TBD + margin]
	≥ [24]
	15
	≥4

	[TBD + margin]
	≥ [52]
	
	All

	[TBD + margin]
	≥ [104]
	
	All

	[TBD + margin]
	≥ [24]
	30

	≥4

	[TBD + margin]
	≥ [48]
	
	All

	[TBD + margin]
	≥ [132]
	
	All

	[TBD + margin]
	≥ [24]
	60

	≥4

	[TBD + margin]
	≥ [64]
	
	All



Table 2: RSTD accuracy in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[TBD + margin]
	≥ [24]
	60
	All

	[TBD + margin]
	≥ [64]
	
	All

	[TBD + margin]
	≥ [132]
	
	All

	[TBD + margin]
	≥ [32]
	120
	All

	[TBD + margin]
	≥ [64]
	
	All

	[TBD + margin]
	≥ [128]
	
	All



· RSTD accuracy requirements under fading conditions:
· Margin value is FFS
Table 1: RSTD accuracy in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[TBD + margin]
	≥ [24]
	15
	≥4

	[TBD + margin]
	≥ [52]
	
	All

	[TBD + margin]
	≥ [104]
	
	All

	[TBD + margin]
	≥ [24]
	30

	≥4

	[TBD + margin]
	≥ [48]
	
	All

	[TBD + margin]
	≥ [132]
	
	All

	[TBD + margin]
	≥ [24]
	60

	≥4

	[TBD + margin]
	≥ [64]
	
	All



Table 2: RSTD accuracy in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[TBD + margin]
	≥ [24]
	60
	≥4

	[TBD + margin]
	≥ [64]
	
	All

	[TBD + margin]
	≥ [132]
	
	All

	[TBD + margin]
	≥ [32]
	120
	≥4

	[TBD + margin]
	≥ [64]
	
	All

	[TBD + margin]
	≥ [128]
	
	All




Candidate options:
Recommendations for 2nd round: The exact requirement can be captured into the tables agreed above after the simulation results  finalized.
We can also check which method can be used for the simulation results averaging for the requirements of fading channel.
· Option 1: general averaging, by which all numbers are to averaged.
· Option 2: trimmed averaging , by which the highest and lowest number are to be excluded to be averaged. 


	Sub-topic#2-5-4
	Muting pattern and repetition factor 
Tentative agreements:
Candidate options: 
Option 1(OPPO):  
· The number of “1” in MutingPattern-r16 for mutingOption2-r16 should be used to calculate PRS resource repetition factor for UE Rx-Tx time difference accuracy.
· Discuss whether and how to calculate PRS resource repetition factor for RSTD accuracy when partial PRS resource repetitions are within MG. 

Recommendations for 2nd round: Can be FFS. Check the following proposals are agreeable.
“If companies have consensus on some clarifications on ( needed, we can FFS this in TEI stage.”


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

	R4-2110884
	Revised

	R4-2110126

	Merged

	
	


Discussion on 2nd round 
Please only comment on topics that are selected for discussion in 2nd round.
Sub-topic 2-2-1  Applicable accuracy requirement in case of PRS resources with different SCSs
Recommended WF: Please companies provide further views on the proposals below.
· Option 1. For RSTD measured with PRS resources with different SCSs, UE follows the accuracy requirements for the smaller SCS.
· Option 2. when the PRS resources with different SCSs, UE follows the accuracy requirements which is looser
· Option 3. FFS
	Company
	Comments

	
	

	
	

	
	



Sub-topic 2-2-2  Applicable accuracy requirement in case of PRS resources in different FRs

Recommended WF: Please companies provide further views on the proposals below.
· Option 1. For RSTD measured with PRS resources in different FR ranges, UE follows the accuracy requirements for FR1.
· Option 2. For RSTD measured with PRS resources in different FR ranges, UE follows the accuracy requirements which is looser
· Option 3. FFS
	Company
	Comments

	
	

	
	

	
	




Sub-topic 2-5 RSTD accuracy requirements for FR1/FR2
[Moderator notes: According to GTW agreements, the accuracy requirements of RSTD shall be finalized in this meeting .Please companies can provide your further view on the proposed requirements based on the simulation results updated in [].

Firstly we can also clarify which method can be used for the simulation results averaging  methods below.
· For AWGN : general averaging, by which all numbers are to averaged.
· For fading channels: trimmed averaging , by which the highest and lowest number are to be excluded to be averaged. 

Proposal 1: RSTD accuracy requirements under AWGN can be defined in the table 1-1 and 1-2 below.
Table 1-1: RSTD accuracy for AWGN in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[TBD + margin]
	≥ [24]
	15
	≥4

	[TBD + margin]
	≥ [52]
	
	All

	[TBD + margin]
	≥ [104]
	
	All

	[TBD + margin]
	≥ [24]
	30

	≥4

	[TBD + margin]
	≥ [48]
	
	All

	[TBD + margin]
	≥ [132]
	
	All

	[TBD + margin]
	≥ [24]
	60

	≥4

	[TBD + margin]
	≥ [64]
	
	All

	[10 margin]
	≥ [132]
	
	All

	Note 1:  Margin value is FFS




Table 1-2: RSTD accuracy for AWGN in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[TBD + margin]
	≥ [24]
	60
	All

	[TBD + margin]
	≥ [64]
	
	All

	[TBD + margin]
	≥ [132]
	
	All

	[TBD + margin]
	≥ [32]
	120
	All

	[TBD + margin]
	≥ [64]
	
	All

	[TBD + margin]
	≥ [128]
	
	All

	Note 1:  Margin value is FFS



Proposal 2: RSTD accuracy requirements for the fading channel can be defined in the table 2-1 and 2-2 below.
Table 2-1: RSTD accuracy for fading channel conditions in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[TBD + margin]
	≥ [24]
	15
	≥4

	[TBD + margin]
	≥ [52]
	
	All

	[TBD + margin]
	≥ [104]
	
	All

	[TBD + margin]
	≥ [24]
	30

	≥4

	[TBD + margin]
	≥ [48]
	
	All

	[TBD + margin]
	≥ [132]
	
	All

	[TBD + margin]
	≥ [24]
	60

	≥4

	[TBD + margin]
	≥ [64]
	
	All

	Note 1:  Margin value is FFS
Note 2: The requirements above are based on the simulation results under the TDL-A [TS38.101-4]




Table2-2: RSTD accuracy for fading channel in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[TBD + margin]
	≥ [24]
	60
	≥4

	[TBD + margin]
	≥ [64]
	
	All

	[TBD + margin]
	≥ [132]
	
	All

	[TBD + margin]
	≥ [32]
	120
	≥4

	[TBD + margin]
	≥ [64]
	
	All

	[TBD + margin]
	≥ [128]
	
	All

	Note 1:  Margin value is FFS
Note 2: The requirements above are based on the simulation results under the TDL-C [TS38.101-4]





	Company
	Comments

	Moderator
	According to the updated results, it is better we can use the trimmed averaging method to conduct the requirements for both AWGN and fading channel. 
Therefore, RSTD requirements can be defined as
Proposal 1: RSTD accuracy requirements under AWGN can be defined in the table 1-1 and 1-2 below.
Table 1-1: RSTD accuracy for AWGN in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[132 + margin]
	≥ [24]
	15
	≥4

	[98 + margin]
	≥ [52]
	
	All

	[42 + margin]
	≥ [104]
	
	All

	[TBD + margin]
	≥ [24]
	30

	≥4

	[48 + margin]
	≥ [48]
	
	All

	[24 + margin]
	≥ [132]
	
	All

	[50 + margin]
	≥ [24]
	60

	≥4

	[24+ margin]
	≥ [64]
	
	All

	[10 + margin]
	≥ [132]
	
	All

	Note 1:  Margin value is FFS




Table 1-2: RSTD accuracy for AWGN in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[35+ margin]
	≥ [24]
	60
	All

	[24 + margin]
	≥ [64]
	
	All

	[11 + margin]
	≥ [132]
	
	All

	[24 + margin]
	≥ [32]
	120
	All

	[13 + margin]
	≥ [64]
	
	All

	[6 + margin]
	≥ [128]
	
	All

	Note 1:  Margin value is FFS



Proposal 2: RSTD accuracy requirements for the fading channel can be defined in the table 2-1 and 2-2 below.
Table 2-1: RSTD accuracy for fading channel conditions in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[247 + margin]
	≥ [24]
	15
	≥4

	[140 + margin]
	≥ [52]
	
	All

	[86 + margin]
	≥ [104]
	
	All

	[TBD + margin]
	≥ [24]
	30

	≥4

	[109 + margin]
	≥ [48]
	
	All

	[28 + margin]
	≥ [132]
	
	All

	[147 + margin]
	≥ [24]
	60

	≥4

	[27+ margin]
	≥ [64]
	
	All

	[21+ margin]
	≥ [132]
	
	All

	Note 1:  Margin value is FFS
Note 2: The requirements above are based on the simulation results under the TDL-A [TS38.101-4]




Table2-2: RSTD accuracy for fading channel in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[83 + margin]
	≥ [24]
	60
	≥4

	[64 + margin]
	≥ [64]
	
	All

	[46+ margin]
	≥ [132]
	
	All

	[48 + margin]
	≥ [32]
	120
	≥4

	[54 + margin]
	≥ [64]
	
	All

	[36+ margin]
	≥ [128]
	
	All

	Note 1:  Margin value is FFS
Note 2: The requirements above are based on the simulation results under the TDL-C [TS38.101-4]







	
	

	
	



Summary on 2nd round 
	CR/TP/LS/WF number
	T-doc status update recommendation  

	R4-2108299(WF)
	Return

	R4-2108302 (CR )
	Agreeable




Topic #3: Measurement Accuracy Requirements for PRS RSRP (AI6.5.2.2.2.2)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2109094
	CATT
	Proposal 1: The relative RSRP accuracy should be (RSRP95 – RSRP05)/2. 
Proposal 2: The PRS RSRP measurement requirements in extreme condition are X dB larger than that in normal condition, and X is: 
· 3dB for absolute accuracy for FR1. 
· 3dB for absolute accuracy for FR2. 
· 1dB for relative accuracy for FR1. 
· 3dB for relative accuracy for FR2. 


	R4-2109096
	CATT
	CR

	R4-2109863
	Qualcomm Incorporated
	Proposal 1: RAN4 needs to consider the following questions before deciding the calibration error margin for relative accuracy requirements:
a. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements reported for any positioning method using either absolute report mapping or differential report mapping.
b. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements corresponding to PRS resources from different TRPs.
c. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements made in different PFLs or in the same PFL.
d. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements made in different FRs.
e. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements made in the same PFL with different Rx antennas/paths.
f. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements with a large difference in RSRP levels (different AGC) in the same PFL.
g. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements made with different Rx beams in FR2.
Observation 1: Rx beam indication is only provided in certain cases for PRS-RSRP measurements reported for DL-AoD.
Proposal 2: If PRS-RSRP relative accuracy requirements apply only between two DL-AoD measurements performed on PRS resources from the same DL-PRS Resource Set and measured with the same Rx Beam, then a smaller calibration margin may be considered.
Proposal 3: Structure for PRS-RSRP accuracy requirements. Tentative accuracy numbers do not include RF calibration margins. The frequency ranges for each SCS may be modified based on finalized simulation results.
	Absolute 
Accuracy
(dB)
	Relative 
Accuracy
(dB)
	Es/Iot
(dB)
	PRS BW 
(PRB)
	PRS SCS
(kHz)
	Repetition factor:
  
[38.211]

	[TBD]
	[TBD]
	-3
	≥ [24]
	15, 30, 60
	≥ [1]

	[±6.5]
	[TBD] 
	-13
	≥ [24]
	15, 30, 60
	≥ [4]

	[±3.5]
	[TBD] 
	
	≥ [64]
	15, 30, 60
	≥ [1]

	[±3]
	[TBD]
	
	≥ [104]
	15, 30, 60
	≥ [1]


Table 3: PRS-RSRP accuracy in FR1

	Absolute 
Accuracy
(dB)
	Relative 
Accuracy
(dB)
	Es/Iot
(dB)
	PRS BW 
(PRB)
	PRS SCS
(kHz)
	Repetition factor:
  
[38.211]

	[TBD]
	[TBD]
	-3
	≥ [24]
	60, 120
	≥ [1]

	[±5]
	[TBD]
	-13
	≥ [24]
	60, 120
	≥ [4]

	[±3]
	[TBD]
	
	≥ [64]
	60, 120
	≥ [1]


Table 4: PRS-RSRP accuracy in FR2


	R4-2109939
	vivo
	Proposal 1: For PRS-RSRP measurement from one TRP and PRS-RSRP measurement from another TRP on the same PFL in FR1, or PRS-RSRP measurements between any two PRS-RSRP levels on the same TRP in FR1, no RF calibration margin is added in the relative accuracy requirements.
Proposal 2: For PRS-RSRP measurements from one TRP on one PFL in FR1 and PRS-RSRP measurements from another TRP on a different PFL in FR1, 2.5dB RF calibration margin is added in the relative accuracy requirements.
Proposal 3: For all PRS-RSRP measurements in FR2, 4dB RF calibration margin is added in the relative accuracy requirements.
Proposal 4: Antenna gain and beamforming gain uncertainty for PRS-RSRP measurement in FR2 are accounted in the test.
Proposal 5: Gain to PRS-RSRP measurement point in FR2 is caputred in clause B.2.1.6.
Proposal 6: PRS-RSRP accuracy requirements strucutre as in Table 1 and Table 2 for FR1 and FR2 respectively are used as baseline. Furhter changes can be made based on updated simulation results.


	R4-2109940
	vivo
	CR to 38.133 Introduction of Gain to PRS-RSRP measurement point for FR2 in Annex B

	R4-2109941
	vivo
	

	R4-2110127
	OPPO
	Observation 1: Relative SS-RSRP accuracy could apply to SS-RSRP measured from different cells.
Observation 2: Relative SS-RSRP accuracy could apply to SS-RSRP measured from cells in different frequencies in the same FR range.
Observation 3: A restriction on difference between SS-RSRP levels is introduced for inter-frequency relative SS-RSRP accuracy requirements.
Observation 4: Relative SS-RSRP accuracy requirements apply to any two SS-RSRP measurements, no matter they are made with same or different Rx antenna/beam.
Proposal 1: Relative PRS-RSRP accuracy requirements apply to any two PRS-RSRP:
· The PRS-RSRP could be measured from the same TRP or different TRPs, 
· The PRS-RSRP could be measured in the same PFL or different PFLs, 
· The PRS-RSRP could be measured in the same FR range, 
· The difference between two PRS-RSRP should be no larger than X, |PRS_RP1dBm - PRS_RP2dBm| ≤ X dB
· FFS: the value of X
Proposal 2: The RF margin for relative PRS-RSRP accuracy requirements is defined as:
· [0] dB for PRS-RSRP measured in the same PFL in FR1
· [2.5] dB for PRS-RSRP measured in different PFLs in FR1
· [4] dB for PRS-RSRP measured in the same PFL in FR2
· [4] dB for PRS-RSRP measured in different PFLs in FR2
Proposal 3: The following rules should be considered for relative PRS-RSRP accuracy requirements:
· The parameter PRS Es/Iot is the minimum PRS Es/Iot of the pair of TRPs to which the requirement applies.
· The parameter PRS BW is the minimum PRS BW of the pair of PRS resources to which the requirement applies.


	R4-2110885
	Huawei, HiSilicon
	Proposal 1: Confirm the PRS BW ranges in [1].
Proposal 2: Relative PRS-RSRP accuracy requirements only apply for PRS-RSRP measured from resources in the same resource set, and with same Rx beam in case of FR2.
Proposal 3: Add a margin of 2dB for FR1 and 4dB for FR2 for relative PRS-RSRP accuracy requirements.




Open issues summary and companies’ views collection for 1st round
Sub-topic 3-1 Relative PRS-RSRP requirements definition
[Moderator notes: in last meeting that relative RSRP accuracy = (RSRP95 – RSRP05), where RSRPX is the RSRP error value for X-%-tile CDF point. But some concerns on this definition raised in this meeting ]
Candidate options:
· Option 1 (CATT): The relative RSRP accuracy should be (RSRP95 – RSRP05)/2. 
Recommended WF: Further discussion needed. Collect companies’ views
	Company
	Comments

	Intel
	As the agreement in the last meeting is based on the methodology used in RAN4 before, we need not to revisit this. 

	Qualcomm
	We do not support option1. In the simulation assumptions, RSRP errors can be assumed to be statistically independent between measurements (common sources of error such as Rx gain calibration are not modeled in the simulations). Therefore when taking the difference between two RSRPs one would expect higher measurement uncertainty compared to one RSRP measurement. If RSRP95 = RSRP50 + S and RSRP05 = RSRP50 - S, where S is the RSRP absolute accuracy, then option 1 says that the relative accuracy is the same as the absolute accuracy (excluding calibration error).
Option 1 aside, we do not entirely agree with the formula for relative RSRP accuracy. E.g. the probability of the relative RSRP error being less or equal to the agreed requirement is not 90%.

	CATT
	We think the relative RSRP accuracy should be based on two RSRP measurements, but the simulation results for now are only based on one cell measurement. We are not very clear how the formula agreed in last meeting indicates the relative accuracy. 

	vivo
	We need to follow agreements in the last meeting.

	Huawei
	We suggest to stick to the agreement from last meeting.

	E///
	Do not support option 1

	
	




Sub-topic 3-2 RSRP requirements under the extreme conditions
· Option 1 (CATT). The PRS RSRP measurement requirements in extreme condition are X dB larger than that in normal condition, and X is: 
· 3dB for absolute accuracy for FR1. 
· 3dB for absolute accuracy for FR2. 
· 1dB for relative accuracy for FR1. 
· 3dB for relative accuracy for FR2
· .
Recommended WF:  Further discussion needed. Collect companies’ views

	Company
	Comments

	Qualcomm
	We need more time to check the proposed values.

	CATT
	The RSRP measurement requirements under extreme condition should be considered. The values proposed refer to the RRM requirements and we are fine to further study the exact values. 

	Huawei
	This can be FFS in this meeting. 

	E///
	Keep it FFS

	
	

	
	




Sub-topic 3-3 RF calibration margin for the relative accuracy requirements
[Moderator notes: in [], some basic principle which can help us to understand and define the RF calibration margin for the relative PRS RSRP accuracy requirement.
· RAN4 needs to consider the following questions before deciding the calibration error margin for relative accuracy requirements:
a. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements reported for any positioning method using either absolute report mapping or differential report mapping.
b. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements corresponding to PRS resources from different TRPs.
c. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements made in different PFLs or in the same PFL.
d. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements made in different FRs.
e. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements made in the same PFL with different Rx antennas/paths.
f. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements with a large difference in RSRP levels (different AGC) in the same PFL.
g. Whether relative accuracy requirements would apply to any two PRS-RSRP measurements made with different Rx beams in FR2.
Therefore, we can decouple this issue to the separated two sub issues below.
]
Sub-topic 3-3-1 Applicability of the relative PRS RSRP accuracy requirements
Candidate options:
· Option 1 (vivo):
· For PRS-RSRP measurement from one TRP and PRS-RSRP measurement from another TRP on the same PFL in FR1, or PRS-RSRP measurements between any two PRS-RSRP levels on the same TRP in FR1, no RF calibration margin is added in the relative accuracy requirements.
· For PRS-RSRP measurements from one TRP on one PFL in FR1 and PRS-RSRP measurements from another TRP on a different PFL in FR1, 2.5dB RF calibration margin is added in the relative accuracy requirements.
· For all PRS-RSRP measurements in FR2, 4dB RF calibration margin is added in the relative accuracy requirements.
· Antenna gain and beamforming gain uncertainty for PRS-RSRP measurement in FR2 are accounted in the test.
· Option 3. (Huawei):
· Relative PRS-RSRP accuracy requirements only apply for PRS-RSRP measured from resources in the same resource set, and with same Rx beam in case of FR2.
· Option 4(OPPO):
· Relative PRS-RSRP accuracy requirements apply to any two PRS-RSRP:
· The PRS-RSRP could be measured from the same TRP or different TRPs, 
· The PRS-RSRP could be measured in the same PFL or different PFLs, 
· The PRS-RSRP could be measured in the same FR range, 
· The difference between two PRS-RSRP should be no larger than X, |PRS_RP1dBm - PRS_RP2dBm| ≤ X dB
· FFS: the value of X
· The following rules should be considered for relative PRS-RSRP accuracy requirements:
· The parameter PRS Es/Iot is the minimum PRS Es/Iot of the pair of TRPs to which the requirement applies.
· The parameter PRS BW is the minimum PRS BW of the pair of PRS resources to which the requirement applies.
· 
Recommended WF:   Further discussion needed. Collect companies’ views
	Company
	Comments

	Intel
	Prefer Option 3 which is simpler scenario as the start point. 

	Qualcomm
	Absolute PRS-RSRP accuracy requirements by themselves already imply accuracy requirements on the difference between two PRS-RSRP measurements. Therefore, we only see an advantage to define additional relative accuracy requirements for cases where some common-mode errors cancel out.
PRS-RSRP relative accuracy requirements apply only between two DL-AoD measurements performed on PRS resources from the same DL-PRS Resource Set and measured with the same Rx Beam

	CATT
	One question for option 3. Does it mean no relative accuracy for the RSRP measurements from different cells or different layers?

	OPPO
	We support option 4 to follow the same applicability of relative SS-RSRP so that the RF margin for relative SS-RSRP could be reused. And we can also compromise to option 3 to simplify the applicable scenarios for relative PRS-RSRP considering the short timeline for this WI.

	vivo
	Support option 1.

	Huawei
	We can compromise to option 4 such that the requirement is generic and applicable to more scenarios. We are not sure if we can define additional requirements with smaller margin, e.g. when we consider that two resources may be measured with different AGC settings.



Sub-topic 3-3-2 RF calibration margin for the relative accuracy requirements
Candidate options:
· Option 1 (Qualcomm):
· If PRS-RSRP relative accuracy requirements apply only between two DL-AoD measurements performed on PRS resources from the same DL-PRS Resource Set and measured with the same Rx Beam, then a smaller calibration margin may be considered.
· The value can be FFS 
· Option 2(vivo):
· For PRS-RSRP measurement from one TRP and PRS-RSRP measurement from another TRP on the same PFL in FR1, or PRS-RSRP measurements between any two PRS-RSRP levels on the same TRP in FR1, no RF calibration margin is added in the relative accuracy requirements.
· For PRS-RSRP measurements from one TRP on one PFL in FR1 and PRS-RSRP measurements from another TRP on a different PFL in FR1, 2.5dB RF calibration margin is added in the relative accuracy requirements.
· For all PRS-RSRP measurements in FR2, 4dB RF calibration margin is added in the relative accuracy requirements.
· Antenna gain and beamforming gain uncertainty for PRS-RSRP measurement in FR2 are accounted in the test.
· Option 3. (Huawei):
· Add a margin of 2dB for FR1 and 4dB for FR2 for relative PRS-RSRP accuracy requirements 
· Relative PRS-RSRP accuracy requirements only apply for PRS-RSRP measured from resources in the same resource set, and with same Rx beam in case of FR2.
· Option 4(OPPO):
· The RF margin for relative PRS-RSRP accuracy requirements is defined as:
· [0] dB for PRS-RSRP measured in the same PFL in FR1
· [2.5] dB for PRS-RSRP measured in different PFLs in FR1
· [4] dB for PRS-RSRP measured in the same PFL in FR2
· [4] dB for PRS-RSRP measured in different PFLs in FR2
· Relative PRS-RSRP accuracy requirements apply to any two PRS-RSRP:
· The PRS-RSRP could be measured from the same TRP or different TRPs, 
· The PRS-RSRP could be measured in the same PFL or different PFLs, 
· The PRS-RSRP could be measured in the same FR range, 
· The difference between two PRS-RSRP should be no larger than X, |PRS_RP1dBm - PRS_RP2dBm| ≤ X dB
· FFS: the value of X
· The following rules should be considered for relative PRS-RSRP accuracy requirements:
· The parameter PRS Es/Iot is the minimum PRS Es/Iot of the pair of TRPs to which the requirement applies.
· The parameter PRS BW is the minimum PRS BW of the pair of PRS resources to which the requirement applies.
· 
Recommended WF:   Further discussion needed. Collect companies’ views
	Company
	Comments

	Intel
	If we can agree the applicable scenario as the same  DL-PRS Resource Set and measured with the same Rx Beam, Option 1,2,3,4 can be fine for us since the proposed margin of them are quite similar. 

	Qualcomm
	Option 1. RAN4 should decide on the applicability question first.

	CATT
	Define the applicable scenarios first. 

	OPPO
	Depends on the outputs of sub-topic 3-3-1, and we can focus on the RF margin for the same PFL in FR1 and FR2 firstly. 

	vivo
	Support option 2.
We don’t see there would be difference in terms of RF calibration margin between SS-RSRP measurement and PRS-RSRP measurement

	Huawei
	We can support the values in option 2 or option 4 (existing assumption for SS-RSRP) with the enlarged applicability (as discussed in Issue 3-3-1).




Sub-topic 3-4 PRS RSRP accuracy requirements 
[Moderator notes: PRS-RSRP accuracy requirements agreed in the last meeting can be taken as the baseline, which can be updated up to updated simulation results and agreed margin.]

	Company
	Comments

	Huawei
	Could moderator please provide specific suggestions on the TBD numbers so that companies can check?
[Moderator: the requirements highlighted in the table below may need to be updated based on the latest simulation results
	Absolute 
Accuracy,
dB
	Relative 
Accuracy,
dB
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor 
  
[38.211]

	[TBD]
[0.9+2.5]
	[TBD]

	-3
	≥[24]
	15, 30, 60
	All

	[±9]
[4.8+2.5]
	[TBD]

	-13
	[24]≤ BW ≤ [52]
	15, 30, 60
	All

	[±3.5+2.5]
[3.0+2.5]
	[TBD]

	
	[52]< BW≤ [104]
	15, 30, 60
	All

	[±2.6+2.5]
[2.1+2.5]

	[TBD]

	
	BW >[104]
	15, 30, 60
	All



Table 2: PRS-RSRP accuracy in FR2
	Absolute 
Accuracy,
dB
	Relative 
Accuracy,
dB
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor 
  
[38.211]

	[TBD]
[1.3+4]

	[TBD]

	-3
	≥[24]
	60,120
	All

	[±4.6+4]
[4.8+4]

	[TBD]

	-13
	[24]≤ BW ≤ [64]
	60,120
	All

	[±2.7+4]
[2.2+4]


	[TBD]

	
	BW >[64]
	60,120
	All




	
	

	
	

	
	

	
	



 CRs/TPs
[Moderator notes: suggest take one of these CR drafts as the baseline which can be revised in 2nd round discussion.] 
	CR/TP number
	Comments collection

	 R4-2109096 (CATT) 
	The CR baseline shall be based on the big CR agreed in R4#98b-e [R4-2105751]. 
We can also update some values which is TBD in the last meeting. And also update the exact value based on the latest simulation results summary. 

	
	CATT: the CR is based on R4-2015751. The only change is adding requirements for extreme condition which is discussed in sub-topic 3-2. 

	
	

	
	

	 R4-2109940 (vivo) 
	

	
	

	
	

	
	


‘
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#3-1
	Relative PRS-RSRP requirements definition 
Tentative agreements: None

Candidate options:
· Option 1 (CATT): The relative RSRP accuracy should be (RSRP95 – RSRP05)/2. 
· Option 2: The relative RSRP accuracy should be (RSRP95 – RSRP05), which was agreed in R4#98bis-e

Recommendations for 2nd round:  Can be FFS. Check whether Option 2 supported by majority companies can be agreeable.  

	Sub-topic#3-2
	RSRP requirements under the extreme conditions 
Tentative agreements: None
Candidate options:
· Option 1 (CATT). The PRS RSRP measurement requirements in extreme condition are X dB larger than that in normal condition, and X is: 
· 3dB for absolute accuracy for FR1. 
· 3dB for absolute accuracy for FR2. 
· 1dB for relative accuracy for FR1. 
· 3dB for relative accuracy for FR2

Recommendations for 2nd round: Can be FFS.
 

	Sub-topic#3-3-1
	Applicability of the relative PRS RSRP accuracy requirements 
Tentative agreements:

Candidate options:
· Option 1 (vivo):
· For PRS-RSRP measurement from one TRP and PRS-RSRP measurement from another TRP on the same PFL in FR1, or PRS-RSRP measurements between any two PRS-RSRP levels on the same TRP in FR1, no RF calibration margin is added in the relative accuracy requirements.
· For PRS-RSRP measurements from one TRP on one PFL in FR1 and PRS-RSRP measurements from another TRP on a different PFL in FR1, 2.5dB RF calibration margin is added in the relative accuracy requirements.
· For all PRS-RSRP measurements in FR2, 4dB RF calibration margin is added in the relative accuracy requirements.
· Antenna gain and beamforming gain uncertainty for PRS-RSRP measurement in FR2 are accounted in the test.
· Option 3. (Huawei, Intel):
· Relative PRS-RSRP accuracy requirements only apply for PRS-RSRP measured from resources in the same resource set, and with same Rx beam in case of FR2.
· Option 4(OPPO, Huawei, OPPO):
· Relative PRS-RSRP accuracy requirements apply to any two PRS-RSRP:
· The PRS-RSRP could be measured from the same TRP or different TRPs, 
· The PRS-RSRP could be measured in the same PFL or different PFLs, 
· The PRS-RSRP could be measured in the same FR range, 
· The difference between two PRS-RSRP should be no larger than X, |PRS_RP1dBm - PRS_RP2dBm| ≤ X dB
· FFS: the value of X
· The following rules should be considered for relative PRS-RSRP accuracy requirements:
· The parameter PRS Es/Iot is the minimum PRS Es/Iot of the pair of TRPs to which the requirement applies.
· The parameter PRS BW is the minimum PRS BW of the pair of PRS resources to which the requirement applies.

Recommendations for 2nd round. Can be FFS.

	Sub-topic#3-3-2
	RF calibration margin for the relative accuracy requirements
Tentative agreements:
Candidate options:
· Option 1 (Qualcomm):
· If PRS-RSRP relative accuracy requirements apply only between two DL-AoD measurements performed on PRS resources from the same DL-PRS Resource Set and measured with the same Rx Beam, then a smaller calibration margin may be considered.
· The value can be FFS 
· Option 2(vivo):
· For PRS-RSRP measurement from one TRP and PRS-RSRP measurement from another TRP on the same PFL in FR1, or PRS-RSRP measurements between any two PRS-RSRP levels on the same TRP in FR1, no RF calibration margin is added in the relative accuracy requirements.
· For PRS-RSRP measurements from one TRP on one PFL in FR1 and PRS-RSRP measurements from another TRP on a different PFL in FR1, 2.5dB RF calibration margin is added in the relative accuracy requirements.
· For all PRS-RSRP measurements in FR2, 4dB RF calibration margin is added in the relative accuracy requirements.
· Antenna gain and beamforming gain uncertainty for PRS-RSRP measurement in FR2 are accounted in the test.
· Option 3. (Huawei):
· Add a margin of 2dB for FR1 and 4dB for FR2 for relative PRS-RSRP accuracy requirements 
· Relative PRS-RSRP accuracy requirements only apply for PRS-RSRP measured from resources in the same resource set, and with same Rx beam in case of FR2.
· Option 4(OPPO):
· The RF margin for relative PRS-RSRP accuracy requirements is defined as:
· [0] dB for PRS-RSRP measured in the same PFL in FR1
· [2.5] dB for PRS-RSRP measured in different PFLs in FR1
· [4] dB for PRS-RSRP measured in the same PFL in FR2
· [4] dB for PRS-RSRP measured in different PFLs in FR2
· Relative PRS-RSRP accuracy requirements apply to any two PRS-RSRP:
· The PRS-RSRP could be measured from the same TRP or different TRPs, 
· The PRS-RSRP could be measured in the same PFL or different PFLs, 
· The PRS-RSRP could be measured in the same FR range, 
· The difference between two PRS-RSRP should be no larger than X, |PRS_RP1dBm - PRS_RP2dBm| ≤ X dB
· FFS: the value of X
· The following rules should be considered for relative PRS-RSRP accuracy requirements:
· The parameter PRS Es/Iot is the minimum PRS Es/Iot of the pair of TRPs to which the requirement applies.
· The parameter PRS BW is the minimum PRS BW of the pair of PRS resources to which the requirement applies.

Recommendations for 2nd round: can be FFS after we conclude the 3-3-1.

	Sub-topic#3-4
	PRS RSRP accuracy requirements
Tentative agreements: None

Candidate options:

Recommendations for 2nd round:  PRS-RSRP accuracy requirements agreed in the last meeting can be taken as the baseline, which can be updated up to updated simulation results and agreed margin.
	Absolute 
Accuracy,
dB
	Relative 
Accuracy,
dB
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor 
  
[38.211]

	[TBD]
[0.9+2.5]
	[TBD]

	-3
	≥[24]
	15, 30, 60
	All

	[±9]
[4.8+2.5]
	[TBD]

	-13
	[24]≤ BW ≤ [52]
	15, 30, 60
	All

	[±3.5+2.5]
[3.0+2.5]
	[TBD]

	
	[52]< BW≤ [104]
	15, 30, 60
	All

	[±2.6+2.5]
[2.1+2.5]

	[TBD]

	
	BW >[104]
	15, 30, 60
	All



Table 2: PRS-RSRP accuracy in FR2
	Absolute 
Accuracy,
dB
	Relative 
Accuracy,
dB
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor 
  
[38.211]

	[TBD]
[1.3+4]

	[TBD]

	-3
	≥[24]
	60,120
	All

	[±4.6+4]
[4.8+4]

	[TBD]

	-13
	[24]≤ BW ≤ [64]
	60,120
	All

	[±2.7+4]
[2.2+4]


	[TBD]

	
	BW >[64]
	60,120
	All








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

	 R4-2109096 (CATT) 
	revised

	R4-2109940 (vivo)
	Return to

	
	

	
	

	 
	

	
	

	
	

	
	




Discussion on 2nd round 
Please only comment on topics that are selected for discussion in 2nd round.
Sub-topic 3-2 RSRP requirements under the extreme conditions 
	Company
	Comments

	Moderator
	Since no further concerns received, could we agree Option 1 ?

	
	

	
	



Sub-topic 3-2 Applicability of the relative PRS RSRP accuracy requirements 
[Moderator notes: as agreed in GTW below , 
· “Relative PRS-RSRP accuracy requirements apply for the cases when PRS-RSRP is measured from resources in the same resource set, and PRS-RSRP is measured with same Rx beam in case of FR2.
Thus, we can FFS on the exact value of RF calibration margin
· For FR2: 
· Option 1: [2dB] for FR1
· Option 2: [0dB] for FR1
· For FR2: [4dB] 
Recommended WF: Please companies check the proposals above on the exact value for relative RSRP RF margin.
	Company
	Comments

	Moderator
	For FR2: [4dB

	
	

	
	



Sub-topic 3-4 PRS RSRP accuracy requirements
Recommended WF: According to the tentative agreements of subtopic #3-1 and the simulation results collected in this meeting [revision of R4-2109238], the PRS RSRP requirement can be updates as.
	Absolute 
Accuracy,
dB
	Relative 
Accuracy,
dB
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor 
  
[38.211]

	[0.9+2.5]
	[TBD]

	-3
	≥[24]
	15, 30, 60
	All

	[4.8+2.5]
	[TBD]

	-13
	[24]≤ BW ≤ [52]
	15, 30, 60
	All

	[3.0+2.5]
	[TBD]

	
	[52]< BW≤ [104]
	15, 30, 60
	All

	[2.1+2.5]

	[TBD]

	
	BW >[104]
	15, 30, 60
	All



Table 2: PRS-RSRP accuracy in FR2
	Absolute 
Accuracy,
dB
	Relative 
Accuracy,
dB
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor 
  
[38.211]

	[1.3+4]

	[TBD]

	-3
	≥[24]
	60,120
	All

	[4.8+4]

	[TBD]

	-13
	[24]≤ BW ≤ [64]
	60,120
	All

	[2.2+4]


	[TBD]

	
	BW >[64]
	60,120
	All




	Company
	Comments

	
	

	
	

	
	




Summary on 2nd round 
	CR/TP/LS/WF number
	T-doc status update recommendation  

	R4-2108299(WF)
	Return

	R4-2108304 (CR )
	Agreeable

	R4-2108424(CR)
	Agreeable




Topic #4: Measurement Accuracy Requirements for UE Rx-Tx Time Difference (AI5.5.2.2.2.3)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2108782
	ZTE Corporation
	Proposal 1: UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment or based on network-configured

	R4-2109095
	CATT
	Proposal 1: No need to clarify the applicability of UE Rx-Tx accuracy requirements in case of NTA_offset change. 
Proposal 2: Capture in the specification that UE Rx-Tx accuracy requirements do not apply in case the UE UL timing changes during the measurement period. 
Proposal 3: Accuracy requirements apply in the case of serving cell change, provided that the serving cell change does not impact the UL timing. No need to capture this in the spec. 


	R4-2109237
	Intel Corporation
	Proposal 1 : UE Rx-Tx measurement requirements in TS38.133 shall be applicable unless the NTA_offset changes during the measurement period.
Proposal 3: The accuracy requirements of UE Rx-Tx time difference can be defined by the table below.
Table 1. UE Rx-Tx time difference accuracy requirements in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor
  
[38.211]

	[TBD]
	-3
	≥[24]
	15
	≥[4]

	[TBD]
	
	≥[52]
	
	All

	[TBD]
	
	>[104]
	
	All

	[TBD]
	
	≥[48]
	30,60
	All

	[TBD]
	
	≥132
	
	All

	[TBD]
	-13
	≥[24]
	15
	All

	[TBD]
	
	≥[52]
	
	All

	[TBD]
	
	>[104]
	
	All

	[TBD]
	
	≥[48]
	30,60
	All

	[TBD]
	
	≥132
	
	All
















Table 2. UE Rx-Tx time difference accuracy requirements in FR2
	Accuracy,
Tc
	Es/Iot,
dB
	PRS BW,
PRB
	PRS SCS,
kHz
	Repetition factor

[38.211]

	[TBD]
	-3
	≥[24]
	60/120
	≥[4]

	[TBD]
	
	≥[64]
	
	All

	[TBD]
	-13
	≥[24]
	60/120
	All

	[TBD]
	
	≥[64]
	
	All




	R4-2109864
	Qualcomm Incorporated
	Proposal 1: Clarify in section 10.1.25.2 in TS 38.133: “UE Rx-Tx time difference accuracy requirements shall not apply if NTA_offset defined in Table 7.1.2-2 in 38.133 changes during the UE Rx-Tx measurement period.”
Proposal 2a: UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to network-configured TA command.
Proposal 2b: UE Rx-Tx measurement accuracy requirements shall apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
Proposal 3: UE Rx-Tx measurement accuracy requirements in the case of serving cell changes other than HO that do not impact the configuration of SRS for positioning are FFS.
Proposal 4: RAN4 will add a non-zero group delay calibration margin to the UE Rx-Tx accuracy requirements in FR1 and FR2.
Observation 1: The group delay calibration margin should scale inversely with PRS bandwidth.
Proposal 5: For UE Rx-Tx measurements in FR1, add a group delay calibration margin of 4 ns * (100/BW), where BW is the PRS bandwidth in MHz, to the accuracy requirements.
Proposal 6: Structure for UE Rx-Tx accuracy requirements. The frequency ranges for each SCS may be modified based on finalized simulation results.
	Accuracy 
(Tc)
	Es/Iot 
(dB)
	PRS BW 
(PRB)
	PRS SCS
(kHz)
	Repetition factor
  

	[TBD]
	-3
	≥ [24]
	15
	≥ [4]

	[TBD]
	
	≥ [52]
	
	≥ [1]

	[TBD]
	
	≥ [104]
	
	≥ [1]

	[TBD]
	
	≥ [268]
	
	≥ [1]

	[TBD]
	
	≥ [48]
	30
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [272]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	-13
	≥ [24]
	15
	≥ [4]

	[TBD]
	
	≥ [52]
	
	≥ [1]

	[TBD]
	
	≥ [104]
	
	≥ [1]

	[TBD]
	
	≥ [268]
	
	≥ [1]

	[TBD]
	
	≥ [48]
	30
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [272]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]


Table 3: UE Rx-Tx accuracy in FR1
(continued)




	Accuracy 
(Tc)
	Es/Iot 
(dB)
	PRS BW 
(PRB)
	PRS SCS
(kHz)
	Repetition factor
  

	[TBD]
	-3
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	120
	≥ [4]

	[TBD]
	
	≥ [32]
	
	≥ [1]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [128]
	
	≥ [1]

	[TBD]
	-13
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	120
	≥ [4]

	[TBD]
	
	≥ [32]
	
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [128]
	
	≥ [1]



Table 4: UE Rx-Tx accuracy in FR2

	R4-2109942
	vivo
	Proposal 1: UE Rx-Tx time difference accuracy requirements shall not apply if NTA_offset defined in Table 7.1.2-2 in 38.133 changes during the UE Rx-Tx measurement period
Proposal 2: UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to network-configured TA command. 
Proposal 3: UE Rx-Tx measurement accuracy requirements shall apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment
Proposal 4: For the serving cell change not impacting SRS configuration, the UE shall continue the on-going UE Rx-Tx time difference measurement and the current measurement accuracy requirements apply.
Proposal 5: UE Rx-Tx time difference measurement accuracy rquirements are specified as in Table 1a and Table 2a for FR1 and FR2 respectively.


	R4-2110053
	OPPO
	Proposal 1: For the applicability of accuracy requirements under TA adjustment, support option 2:
· UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to network-configured TA command. 
· UE Rx-Tx measurement accuracy requirements shall apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment
Proposal 2: For the applicability of accuracy requirements under NTA_offset change, support option 1: 
· Clarify in section 10.1.25.2 in TS 38.133: “UE Rx-Tx time difference accuracy requirements shall not apply if NTA_offset defined in Table 7.1.2-2 in 38.133 changes during the UE Rx-Tx measurement period.”
Proposal 3: For the applicability of accuracy requirements in case of other (non-HO) serving cell changes support option 1: 
· The UE shall continue and complete a UE Rx-Tx measurement while meeting UE Rx-Tx measurement accuracy requirements in clause 10.1.23, when a serving cell change (including SCell change, addition, release, activation, or deactivation, or PSCell change, addition, or release) occurs during the measurement, provided the cell change does not impact the configuration of the SRS used for the measurement.
Proposal 4: The number of “1” in MutingPattern-r16 for mutingOption2-r16 should be used to calculate PRS resource repetition factor for UE Rx-Tx time difference accuracy.
Proposal 5: Discuss whether and how to calculate PRS resource repetition factor for RSTD accuracy when partial PRS resource repetitions are within MG.


	R4-2110886
	Huawei, HiSilicon
	Proposal 1: Capture in the specification that UE Rx-Tx accuracy requirements do not apply in case the UE UL timing changes during the measurement period.
Proposal 2: Capture the following texts in 38.133:
“UE Rx-Tx accuracy requirements do not apply in case a serving cell change that impacts configuration of the positioning SRS occurs during the measurement.”
Proposal 3: RAN4 to consider the following tables for defining UE Rx-Tx accuracy requirements. Some BW ranges can be merged, if the accuracy numbers are similar when considering the margins.
Table 1: Template for UE Rx-Tx accuracy requirements FR1 with fading channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	15
	≥1

	
	
	≥52
	
	≥1

	
	
	≥104
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥24
	60
	≥1

	
	
	≥[200]
	
	≥1

	
	-13
	≥24
	15
	≥4

	
	
	≥52
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥64
	60
	≥1

	
	
	≥132
	
	≥1


Table 2: Template for UE Rx-Tx accuracy requirements FR2 with fading channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	60
	≥1

	
	
	≥24
	120
	≥1

	
	-13
	≥64
	60
	≥1

	
	
	≥24
	120
	≥1


Table 3: Template for UE Rx-Tx accuracy requirements FR1 with AWGN channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	15
	≥1

	
	
	≥52
	
	≥1

	
	
	≥104
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥132
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1

	
	-13
	≥24
	15
	≥1

	
	
	≥52
	
	≥1

	
	
	≥104
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥132
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1


Table 4: Template for UE Rx-Tx accuracy requirements FR2 with AWGN channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1

	
	
	≥24
	120
	≥1

	
	
	≥64
	
	≥1

	
	
	≥128
	
	≥1

	
	-13
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1

	
	
	≥24
	120
	≥1

	
	
	≥64
	
	≥1

	
	
	≥128
	
	≥1


Proposal 4: RAN4 to further discuss the calibration margin for UE Rx-Tx, e.g. how to account for the Tx path calibration error.


	R4-2111344
	Ericsson
	CR


Open issues summary and companies’ views collection for 1st round
Sub-topic 4-1 Applicability of accuracy requirements in the case of NTA_offset change
· Option 1(Qualcomm, Intel, vivo, OPPO, Huawei): 
· Clarify in section 10.1.25.2 in TS 38.133: “UE Rx-Tx time difference accuracy requirements shall not apply if NTA_offset defined in Table 7.1.2-2 in 38.133 changes during the UE Rx-Tx measurement period.” 
· Option 2 (CATT): 
· Capture in the specification that UE Rx-Tx accuracy requirements do not apply in case the UE UL timing changes during the measurement period
Recommended WF:. Since the two options above are similar but with the different wording, could we agree the Option 1 in principle. The exact wording can be discussed in CR.    
	Company
	Comments

	Intel
	We support the recommend WF. 

	Qualcomm
	We support option1. It is specific to changes in NTA_offset. Option 2 is not agreeable to us because it includes scenarios discussed in other sub-topics.

	CATT
	Same view as the measurement requirement part, the case in which NTA_offset changes should be clarified first. 

	OPPO
	Agree with the recommended WF.

	vivo
	Support the recommended WF.

	Huawei
	We support both options.
We think one issue that has not been discussed so far is whether accuracy requirements apply in case of UE autonomous adjustment. If the applicability for all UL timing change (NW TA, UE autonomous adjustment and NTA_offset change) are same, then we prefer option 2.

	E///
	We support option 1. 
We do not support option 2 or the WF. The term UL timing changes is too broad and includes any type of UE timing change.
We have agreed that UE Rx-Tx measurement requirements apply when there is UE autonomous timing change. Option 2 contradicts this agreement that, “requirements apply when UE autonomous timing changes”.
Therefore, option 2 is not technically correct and contradictory. 

	Moderator
	Check the following proposals are acceptable
· “Clarify in section 10.1.25.2 in TS 38.133: “UE Rx-Tx time difference accuracy requirements shall not apply if NTA_offset defined in Table 7.1.2-2 in 38.133 changes not triggered by UE autonomously during the UE Rx-Tx measurement period.” 
“




Sub-topic 4-2 Applicability of accuracy requirements under TA adjustment
· Option 1. (ZTE )
· UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment or based on network-configured TA 
· Option 2. (Qualcomm, vivo, OPPO, Ericsson) 
· UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to network-configured TA command. 
· UE Rx-Tx measurement accuracy requirements shall apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment
· Option 3. (CATT): 
· Capture in the specification that UE Rx-Tx accuracy requirements do not apply in case the UE UL timing changes during the measurement period
Recommended WF:  Since the two options (Option 2 and 3) above are similar but with the different wording, could we agree the Option 2 in principle. The exact wording can be discussed in CR.    
	Company
	Comments

	ZTE
	Support the recommended WF.

	Intel
	We support the recommend WF. 

	Qualcomm
	We support option 2. It is different from options 1 and 3. All options agree that requirements do not apply in case of uplink transmission timing changes due to network-configured TA command. We can agree to that part.

	CATT
	Fine with option 1. 

	OPPO
	Agree with the recommended WF.

	vivo
	Support option 2.

	Huawei
	We support option 1 and option 3.
We think one issue that has not been discussed so far is whether accuracy requirements apply in case of UE autonomous adjustment. If the applicability for all UL timing change (NW TA, UE autonomous adjustment and NTA_offset change) are same, then we prefer option 3.

	E///
	We support option 2. 
The rationale is that UE autonomous timing change means UE follows DL timing. But TA change is independent of DL timing. 
We have agreed in the last meeting that, “UE Rx-Tx measurement requirements apply when there is UE autonomous timing change”.
It would be strange that UE Rx-Tx measurement requirements apply but UE Rx-Tx accuracy requirements do not apply when there is UE autonomous timing change.




  
Sub-topic 4-3 Applicable accuracy requirement in case of other (non-HO) serving cell changes
Candidate options 
· Option 1 (vivo, OPPO, Huawei, Ericsson): The UE shall continue and complete a UE Rx-Tx measurement while meeting UE Rx-Tx measurement accuracy requirements in clause 10.1.23, when a non-HO serving cell change occurs during the measurement, provided the cell change does not impact the configuration of the SRS used for the measurement.
· Option 2(CATT): Accuracy requirements apply with serving cell change, provided that the serving cell change does not impact the UL timing. No need to capture this in the spec.
· Option 3 (Qualcomm): FFS
Recommended WF: Further discussion needed. Collect companies’ views.  
	Company
	Comments

	Intel
	Support Option 1

	Qualcomm
	FFS. This question can be addressed in maintenance.

	CATT
	Support option 2. No need to capture in the specification. 

	OPPO
	Support option 1

	vivo
	Support Option 1

	Huawei
	Support Option 1

	E///
	Option 1. To CATT: without specification it cannot be ensured that UE implements it.




Sub-topic 4-4 Group delay calibration margin
· Option 1 (Huawei).: RAN4 to further discuss the calibration margin for UE Rx-Tx, e.g. how to account for the Tx path calibration error.
· Option 2(Qualcomm). For UE Rx-Tx measurements in FR1, add a group delay calibration margin of 4 ns * (100/BW), where BW is the PRS bandwidth in MHz, to the accuracy requirements
Recommended WF: Further discussion needed. Collect companies’ views.  
	Company
	Comments

	Intel
	The same conclusion can be taken for RSTD.

	Qualcomm
	Option 2 is our proposal. We are open to discussion as suggested in option 1.

	vivo
	Tx RF calibration error can be FFS. Whether it should be included in the accuracy requirements should also be FFS.
In Rel-16, we prefer to have a unified GD calibration margin, rather than adding BW dependent margin, which would complicate the requirements.
In Rel-17 there is enhancement on positioning where timing error can be further studied.

	Huawei
	Option 1. We suggest to leave the exact value FFS in the meeting.

	E///
	Option 1: Details are FFS




Sub-topic 4-5 UE Rx-Tx time difference measurement accuracy requirements  
[Moderator notes:
Background:  In the last meeting the RSTD accuracy requirement can be defined with table below.
Table 1. UE Rx-Tx time difference accuracy requirements in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor
  
[38.211]

	[TBD]
	-3
	≥[24]
	15
	≥[4]

	[TBD]
	
	≥[52]
	
	All

	[TBD]
	
	>[104]
	
	All

	[TBD]
	
	≥[48]
	30,60
	All

	[TBD]
	
	≥132
	
	All

	[TBD]
	-13
	≥[24]
	15
	All

	[TBD]
	
	≥[52]
	
	All

	[TBD]
	
	>[104]
	
	All

	[TBD]
	
	≥[48]
	30,60
	All

	[TBD]
	
	≥132
	
	All
















Table 2. UE Rx-Tx time difference accuracy requirements in FR2
	Accuracy,
Tc
	Es/Iot,
dB
	PRS BW,
PRB
	PRS SCS,
kHz
	Repetition factor

[38.211]

	[TBD]
	-3
	≥[24]
	60/120
	≥[4]

	[TBD]
	
	≥[64]
	
	All

	[TBD]
	-13
	≥[24]
	60/120
	All

	[TBD]
	
	≥[64]
	
	All


The other two open issues are:
· FFS: The requirements for SCS=60k in FR2
· FFS: The number of PRS BW ranges for each SCS

Based on the collected simulation results in this meeting [R4-2109238], the performance requirements for the difference SCS with the similar PRS BW(one PRS BW  group)  and repetition factor can be summarized below.
· For AWGN:
[image: ]
· For fading channel :

[image: ]
From the results summarized above we can see.
Observation 0: Under the fading condition, for some simulation results there are still some large variance from the different companies. 
In order to obtain the more reliable average results which can be used to conduct the requirements, we can propose:
Proposal 0: The final average accuracy results shall be based on the trim averaging (exclude the results which is either smallest or largest).  

In the table above, the trimmed average results which exclude the smallest and largest number are also included. Based on these results, we can conclude that: 
Observation 1: Under AWGN condition, the accuracy with the different SCS are different because of the quantitation error depending on the sampling rate. 
 Observation 2: Under fading condition, the accuracy with the different SCS can be similar for some PRS BW and SCS combinations.

Therefore, could we agree the proposal below. 

Proposal 1: UE Rx-TX time difference measurement accuracy requirements under the fading channels can be:
Table 1: UE Rx-Tx time difference accuracy in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[114+margin]
	-3
	≥[24]
	15
	≥4

	[83+margin]
	
	≥[52]
	
	All

	[47+margin]
	
	>[104]
	
	All

	[TBD+margin]
	
	≥[24]
	30

	≥4

	[51+margin]
	
	≥[48]
	
	All

	[41+margin]
	
	≥[132]
	
	All

	[53+margin]
	
	≥[24]
	60

	≥4

	[31+margin]
	
	≥[64]
	
	All

	[135+margin]
	-13
	≥[24]
	15
	≥4

	[86+margin]
	
	≥[52]
	
	All

	[52+margin]
	
	>[104]
	
	All

	[TBD+margin]
	
	≥[24]
	30

	≥4

	[72+margin]
	
	≥[48]
	
	All

	[40+margin]
	
	≥[132]
	
	All

	[118+margin]
	
	≥[24]
	60

	≥4

	[43margin]
	
	≥[64]
	
	All


Table 2: : UE Rx-Tx time difference accuracy in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[55+margin]
	-3
	≥[24]
	60/120
	≥4

	[47+margin]
	
	≥[64]
	
	All

	[30+margin]
	
	≥[132]
	
	All

	[59+margin]
	-13
	≥[24]
	60/120
	≥4

	[60+margin]
	
	≥[64]
	
	All

	[31+margin]
	
	≥[128]
	
	All



Proposal 2: If AWGN requirements shall be defined ,  UE Rx-Tx time difference accuracy requirements under AWGN can be:
Table 1:  UE Rx-Tx time difference accuracy in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[99+margin]
	-3
	≥[24]
	15
	≥4

	[66+margin]
	
	≥[52]
	
	All

	[32+margin]
	
	>[104]
	
	All

	[TBD+margin]
	
	≥[24]
	30
	≥4

	[34+margin]
	
	≥[48]
	
	All

	[15+margin]
	
	≥[132]
	
	All

	[29+margin]
	
	≥[24]
	60

	≥4

	[15+margin]
	
	≥[64]
	
	All

	[9+margin]
	
	≥[132]
	
	All

	[90+margin]
	-13
	≥[24]
	15
	≥4

	[79+margin]
	
	≥[52]
	
	All

	[39+margin]
	
	>[104]
	
	All

	[TBD+margin]
	
	≥[24]
	30
	≥4

	[39+margin]
	
	≥[48]
	
	All

	[18+margin]
	
	≥[132]
	
	All

	[40+margin]
	
	≥[24]
	60

	≥4

	[18+margin]
	
	≥[64]
	
	All

	[9+margin]
	
	≥[132]
	
	All


Table 2:  UE Rx-Tx time difference accuracy in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[22+margin]
	-3
	≥[24]
	60
	All

	[14+margin]
	
	≥[64]
	
	All

	[9+margin]
	
	≥[132]
	
	All

	[14+margin]
	
	≥[24]
	120
	All

	[8+margin]
	
	≥[64]
	
	All

	[4+margin]
	
	≥[128]
	
	All

	[32+margin]
	-13
	≥[24]
	60
	All

	[15+margin]
	
	≥[64]
	
	All

	[9+margin]
	
	≥[132]
	
	All

	[15+margin]
	
	≥[24]
	120
	All

	[10+margin]
	
	≥[64]
	
	All

	[4+margin]
	
	≥[128]
	
	All



]
Recommended WF: Check the proposals above for UE Rx-Tx time difference measurement accuracy requirements can be agreeable for companies.
	Company
	Comments

	Intel
	We support the requirements for fading channel in the recommended WF above. 
For the extra margin, it can be discussed separately. 
For the requirements AWGN, it is also up to the conclusion of topic 2-1. We prefer no requirements for AWGN. 

	Qualcomm
	For 24 PRB in FR1 and FR2 set num repetitions >= 4.
RAN4 needs to clarify that the TOA reference time is the first path in the PDP. If some companies assumed something different (e.g. the strongest tap) then a) exclude those results for now and b) they may update their results in the second round.
About observation 2, even if the accuracy based on simulation results is similar, the GD calibration margin may be different and may warrant having differentiated requirements. In the requirements we should try to cover the BW range simulated by companies. If in the end, the requirements look substantially the same (after adding margin) for BW groups, then they can be merged. This applies to both FR1 and FR2.
In proposal 1: 
a. Table 1, add row for SCS=15, PRB=268
b. Table 1, add row for SCS=30, PRB=272
c. Table 1, add row for SCS=60, PRB=132
d. Table 2, separate rows for SCS=60 and 120. (GD cal margin may be different).
In proposal 2:
a. Table 1, add row for SCS=15, PRB=268
b. Table 1, add row for SCS=30, PRB=272


	vivo
	For proposal 1, the requirements under fading channel for FR2 would be specified for 60kHz and 120kHz SCS separately as requirements for FR1. At least for 64 PRBs, the sampling rate for 60kHz SCS and 120kHz SCS are assumed to be different. The accuracy value should just be based simulation results and principle to handle the results.

	Huawei
	Same comment as for RSTD.

	Moderator
	Follow the same rules as RSTD, the requirements of UE Rx-Tx time different can be:

Proposal 1: UE Rx-TX time difference measurement accuracy requirements under the fading channels can be:
Table 1: UE Rx-Tx time difference accuracy in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[114+margin]
	-3
	≥[24]
	15
	≥4

	[83+margin]
	
	≥[52]
	
	All

	[47+margin]
	
	>[104]
	
	All

	[TBD+margin]
	
	≥[24]
	30

	≥4

	[51+margin]
	
	≥[48]
	
	All

	[41+margin]
	
	≥[132]
	
	All

	[53+margin]
	
	≥[24]
	60

	≥4

	[31+margin]
	
	≥[64]
	
	All

	[135+margin]
	-13
	≥[24]
	15
	≥4

	[86+margin]
	
	≥[52]
	
	All

	[52+margin]
	
	>[104]
	
	All

	[TBD+margin]
	
	≥[24]
	30

	≥4

	[72+margin]
	
	≥[48]
	
	All

	[40+margin]
	
	≥[132]
	
	All

	[118+margin]
	
	≥[24]
	60

	≥4

	[43margin]
	
	≥[64]
	
	All


Table 2: : UE Rx-Tx time difference accuracy in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[55+margin]
	-3

	≥[24]
	60
	≥4

	[48+margin]
	
	≥[64]
	
	All

	[30+margin]
	
	≥[132]
	
	All

	[TBD+margin]
	
	≥[24]
	120
	≥4

	[47+margin]
	
	≥[64]
	
	All

	[20+margin]
	
	≥[128]
	
	All

	[59+margin]
	-13

	≥[24]
	60
	≥4

	[48+margin]
	
	≥[64]
	
	All

	[31+margin]
	
	≥[132]
	
	All
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Proposal 2: If AWGN requirements shall be defined ,  UE Rx-Tx time difference accuracy requirements under AWGN can be:
Table 1:  UE Rx-Tx time difference accuracy in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[99+margin]
	-3
	≥[24]
	15
	≥4

	[66+margin]
	
	≥[52]
	
	All

	[32+margin]
	
	>[104]
	
	All

	[TBD+margin]
	
	≥[24]
	30
	≥4

	[34+margin]
	
	≥[48]
	
	All

	[15+margin]
	
	≥[132]
	
	All

	[29+margin]
	
	≥[24]
	60

	≥4

	[15+margin]
	
	≥[64]
	
	All

	[9+margin]
	
	≥[132]
	
	All

	[90+margin]
	-13
	≥[24]
	15
	≥4

	[79+margin]
	
	≥[52]
	
	All

	[39+margin]
	
	>[104]
	
	All

	[TBD+margin]
	
	≥[24]
	30
	≥4

	[39+margin]
	
	≥[48]
	
	All

	[18+margin]
	
	≥[132]
	
	All

	[40+margin]
	
	≥[24]
	60

	≥4

	[18+margin]
	
	≥[64]
	
	All

	[9+margin]
	
	≥[132]
	
	All


Table 2:  UE Rx-Tx time difference accuracy in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[22+margin]
	-3
	≥[24]
	60
	All

	[14+margin]
	
	≥[64]
	
	All

	[9+margin]
	
	≥[132]
	
	All

	[14+margin]
	
	≥[24]
	120
	All

	[8+margin]
	
	≥[64]
	
	All

	[4+margin]
	
	≥[128]
	
	All

	[32+margin]
	-13
	≥[24]
	60
	All

	[15+margin]
	
	≥[64]
	
	All

	[9+margin]
	
	≥[132]
	
	All

	[15+margin]
	
	≥[24]
	120
	All

	[10+margin]
	
	≥[64]
	
	All

	[4+margin]
	
	≥[128]
	
	All







Sub-topic 4-5-1 Whether the separated requirements needed for each SCS
· Option 1(Intel):  The requirements can be defined based on the agreed tables in the last meeting with the aligned simulation results
· Option 2(Qualcomm, vivo): Modify the agreed tables in the last meeting to define the separated requirements for each SCS 
Recommended WF: Check the proposals in Sub-topic 4-5  can be agreeable for companies.
	Company
	Comments

	Intel
	No need to discuss this as it can be addressed in subtopic 4-5

	Qualcomm
	Option 2. As mentioned above, even if the accuracy based on simulation results is similar for two SCS/PRB combinations, the GD calibration margin may be different and may warrant having differentiated requirements. In the requirements we should try to cover the BW range simulated by companies. In the end, if the requirements look substantially the same (after adding margin) for BW groups, then they can be merged. This applies to both FR1 and FR2.

	vivo
	Option 2 is preferable.

	Huawei
	Same comment as for RSTD.


Sub-topic 4-5-2 New PRS BW ranges for the requirements of fading channel
· Option 1(Huawei):  
· For AWGN channel, the BW ranges are same as RSTD in [2]
· For fading channel, some BW ranges are removed e.g. large BW for FR2 at -3dB because the performance are rather similar for all BWs
· Option 2(Intel)
· Not changed in comparison with the agreed table in the last meeting.
Recommended WF: Check the proposals in Sub-topic 4-5  can be agreeable for companies.
	Company
	Comments

	Intel
	No need to discuss this as it can be addressed in subtopic 4-5

	Qualcomm
	See our comments under sub-topic 4-5.

	vivo
	Can be addressed in sub-topic 4-5.

	Huawei
	Same comment as for RSTD.



Sub-topic 4-5-3 Repetition factor
· Option 1(OPPO):  
· The number of “1” in MutingPattern-r16 for mutingOption2-r16 should be used to calculate PRS resource repetition factor for UE Rx-Tx time difference accuracy.
· Discuss whether and how to calculate PRS resource repetition factor for RSTD accuracy when partial PRS resource repetitions are within MG. 
Recommended WF: Further discussion needed. Collect companies’ views.
	Company
	Comments

	Intel
	Same comments as for subtopic 2-5-4

	Qualcomm
	We agree with the first bullet in option 1. It should be understood that muted PRS resources are neither transmitted nor measured.
Regarding the second bullet, our view is that partial PRS resource repetitions (slots) should not be counted.

	OPPO
	Same as sub-topic 2-5-4

	Huawei
	Same comment as for RSTD.





CRs/TPs
	CR/TP number
	Comments collection

	R4-2111344 (Ericsson)
	Can be revised after we conclude the exact requirements.

	
	

	
	

	
	



Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#4-1
	Applicability of accuracy requirements in the case of NTA_offset change 
Tentative agreements: 
“Clarify in section 10.1.25.2 in TS 38.133: “UE Rx-Tx time difference accuracy requirements shall not apply if NTA_offset defined in Table 7.1.2-2 in 38.133 changes not triggered by UE autonomously during the UE Rx-Tx measurement period.” 

Candidate options:

Recommendations for 2nd round: Check whether the tentative agreements can be agreeable

	Sub-topic#4-2
	Applicability of accuracy requirements in the case of in the case of TA adjustment
Tentative agreements: 
Candidate options:
· Option 1. (ZTE, CATT, Huawei )
· UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment or based on network-configured TA 
· Option 2. (Qualcomm, vivo, OPPO, Ericsson, ZTE, Intel,) 
· UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to network-configured TA command. 
· UE Rx-Tx measurement accuracy requirements shall apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment
· Option 3. (CATT , Huawei): 
· Capture in the specification that UE Rx-Tx accuracy requirements do not apply in case the UE UL timing changes during the measurement period

Recommendations for 2nd round: Can be FFS. Could we agree Option 2 based on the majorities view.

	Sub-topic#4-3
	Applicable accuracy requirement in case of other (non-HO) serving cell changes
Tentative agreements: 
Candidate options:
· Option 1 (vivo, OPPO, Huawei, Ericsson, Intel): The UE shall continue and complete a UE Rx-Tx measurement while meeting UE Rx-Tx measurement accuracy requirements in clause 10.1.23, when a non-HO serving cell change occurs during the measurement, provided the cell change does not impact the configuration of the SRS used for the measurement.
· Option 2(CATT): Accuracy requirements apply with serving cell change, provided that the serving cell change does not impact the UL timing. No need to capture this in the spec.
· Option 3 (Qualcomm): FFS
Recommendations for 2nd round: Can be FFS. Check whether Option 1 supported by majority companies view can be agreeable. 

	Sub-topic#4-4
	Group delay calibration margin
Tentative agreements: 
· Candidate options: 
· Option 1 (Huawei).: RAN4 to further discuss the calibration margin for UE Rx-Tx, e.g. how to account for the Tx path calibration error.
· Option 2(Qualcomm). For UE Rx-Tx measurements in FR1, add a group delay calibration margin of 4 ns * (100/BW), where BW is the PRS bandwidth in MHz, to the accuracy requirements

Recommendations for 2nd round: Can be FFS. Check whether the following proposals can be agreeable
· “the group delay calibration margin  can be taken count into UE Rx-Tx difference accaurcy requirement. The exact value can be FFS..


	Sub-topic#4-7
	UE Rx-Tx time difference measurement accuracy requirements 
Tentative agreements: 
As agreed in GTW, the same sets combination as RSTD can be used for UE Rx-Tx time difference. The following tables can be used to define the UE Rx-Tx time difference accuracy requirements.
UE Rx-TX time difference measurement accuracy requirements under the fading channels can be:
Table 1: UE Rx-Tx time difference accuracy in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Table 2: : UE Rx-Tx time difference accuracy in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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UE Rx-Tx time difference accuracy requirements under AWGN can be:
Table 1:  UE Rx-Tx time difference accuracy in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Table 2:  UE Rx-Tx time difference accuracy in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Candidate options:
Recommendations for 2nd round:. The exact requirement can be checked and captured into the tables agreed above based on the simulation result collection 




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

	R4-2111344 (Ericsson)
	revised

	
	

	
	



Discussion on 2nd round 
Please only comment on topics that are selected for discussion in 2nd round.
Sub-topic 4-1 Applicability of accuracy requirements in the case of NTA_offset change 
	Company
	Comments

	
	

	
	

	
	



Sub-topic 4-2 Applicability of accuracy requirements in the case of in the case of TA adjustment
	Company
	Comments

	
	

	
	

	
	


Sub-topic 4-3 Applicable accuracy requirement in case of other (non-HO) serving cell changes
	Company
	Comments

	
	

	
	

	
	



Sub-topic 4-5 Accuracy requirements for FR1/FR2
[Moderator notes: According to GTW agreements, the accuracy requirements of RSTD shall be finalized in this meeting .Please companies can provide your further view on the proposed requirements based on the simulation results updated in [].

Recommended WF: 
Firstly we can also clarify which method can be used for the simulation results averaging  methods below.
· For AWGN : general averaging, by which all numbers are to averaged.
· For fading channels: trimmed averaging , by which the highest and lowest number are to be excluded to be averaged. 

Proposal 1: UE Rx-Tx accuracy requirements under AWGN can be defined in the table 1-1 and 1-2 below
Table 1-1:  UE Rx-Tx time difference accuracy under AWGN in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Table1-2:  UE Rx-Tx time difference accuracy under AWGN in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Proposal 2: UE Rx-Tx accuracy requirements under AWGN can be defined in the table 2-1 and 2-2 below
Table 2-1: UE Rx-Tx time difference accuracy in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Table 2-2: : UE Rx-Tx time difference accuracy in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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	Company
	Comments

	Moderator
	According to the updated results, it is better we can use the trimmed averaging method to conduct the requirements for both AWGN and fading channel

Table 1-1:  UE Rx-Tx time difference accuracy under AWGN in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Table1-2:  UE Rx-Tx time difference accuracy under AWGN in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Proposal 2: UE Rx-Tx accuracy requirements under fading channel can be defined in the table 2-1 and 2-2 below
Table 2-1: UE Rx-Tx time difference accuracy under fading channel in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Note 2: The requirements above are based on the simulation results under the TDL-A [TS38.101-4]




Table 2-2: : UE Rx-Tx time difference accuracy in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Note 2: The requirements above are based on the simulation results under the TDL-C [TS38.101-4]





	Moderator2
	According to the updated results, it is better we can use the trimmed averaging method to conduct the requirements for both AWGN and fading channel

Table 1-1:  UE Rx-Tx time difference accuracy under AWGN in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Table1-2:  UE Rx-Tx time difference accuracy under AWGN in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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Proposal 2: UE Rx-Tx accuracy requirements under fading channel can be defined in the table 2-1 and 2-2 below
Table 2-1: UE Rx-Tx time difference accuracy under fading channel in FR1
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
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	15
	≥4

	[98+margin]
	
	≥[52]
	
	All

	[68 +margin]
	
	>[104]
	
	All

	[TBD+margin]
	
	≥[24]
	30

	≥4

	[85 +margin]
	
	≥[48]
	
	All

	[44 +margin]
	
	≥[132]
	
	All

	[139 +margin]
	
	≥[24]
	60

	≥4

	[46 +margin]
	
	≥[64]
	
	All

	[30 +margin]
	
	
	
	

	Note 1:  Margin value is FFS
Note 2: The requirements above are based on the simulation results under the TDL-A [TS38.101-4]




Table 2-2: : UE Rx-Tx time difference accuracy in FR2
	Accuracy, 
Tc
	Es/Iot, 
dB
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (


	[75 +margin]
	-3

	≥[24]
	60
	≥4

	[72 +margin]
	
	≥[64]
	
	All

	[57 +margin]
	
	≥[132]
	
	All

	[61+margin]
	
	≥[32]
	120
	≥4

	[64+margin]
	
	≥[64]
	
	All

	[55 +margin]
	
	≥[128]
	
	All

	[92+margin]
	-13

	≥[24]
	60
	≥4

	[70 +margin]
	
	≥[64]
	
	All

	[57 +margin]
	
	≥[132]
	
	All

	[60 +margin]
	
	≥[32]
	
120
	≥4

	[66 +margin]
	
	≥[64]
	
	All

	[62+margin]
	
	≥[128]
	
	All

	Note 1:  Margin value is FFS
Note 2: The requirements above are based on the simulation results under the TDL-C [TS38.101-4]





	
	



Summary on 2nd round 
	CR/TP/LS/WF number
	T-doc status update recommendation  

	R4-2108299 (WF)
	Return

	R4-2108303 (CR)
	Agreeable

	
	



Topic #5: Test cases (AI6.5.2.2.3)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2108765
	ZTE Corporation
	draftCR

	R4-2109097
	CATT
	draftCR

	R4-2109231
	Intel Corporation
	Proposal 1: SRS configuration can be specified as Table 1. 
Table 1: general SRS configuration for UE Rx-Tx RRM test cases
	SRS-Resource
	SRS-ResourceId
	0

	
	nrofSRS-Ports
	Port1

	
	transmissionComb 
	n4

	
	combOffset-n4
	0

	
	cyclicShift-n4
	0

	
	resourceMapping
startPosition
	0

	
	resourceMapping
nrofSymbols	
	n4

	
	resourceMapping
repetitionFactor
	n1

	
	freqDomainPosition
	0

	
	freqDomainShift
	0

	
	freqHopping
c-SRS
	Matches NRB,c 

	
	groupOrSequenceHopping
	Neither

	
	resourceType
	Periodic

	
	periodicityAndOffset-p
	80*2^u, 20*2^u

	
	sequenceId
	0



Proposal 2: Absolute measurement reporting is tested for all PRS measurements. It is unnecessary to define the test case for differential RSTD.
Proposal 3: The setup of AoA for RSTD testing in FR2 can be based on AoA setup 1 for all cells/TRPs. 
Proposal 4: The synchronous cells will be tested for the measurement delay requirements test. 
Proposal 5: For the core requirements test cases the following muting PRS configuration will be used.
· Cell 1: ‘11110000’
· Cell 2: ‘00001111’
· Cell 3: ‘11110000’ 
Proposal 6: Gap pattern #0 and #24 can be used for NR Positioning tests. 
Proposal 7: The test procedure for LTE OTDoA[4] can be reused for NR positioning measurement testing

	R4-2109232
	Intel Corporation
	draftCR

	R4-2109233
	Intel Corporation
	draftCR

	R4-2109865
	Qualcomm Incorporated
	Proposal 1: For PRS-RSRP measurement accuracy testing, define test cases with two PRS resources per TRP (in the same DL-PRS Resource Set) and configure the UE to report two measurements per TRP so that differential reporting is used to report one of the measurements.
Proposal 2:
· Clarify the number of PRBs in the reference PRS configurations for SCS = 15 kHz, 30 kHz and 120 kHz.
· Add a reference PRS configuration with 24 PRBs and SCS = 15 kHz.
· PRS comb size = 2 or 4.
· Number of PRS symbols = K*comb_size, K = 1, 4 (if needed).

Proposal 3: Match SRS periodicity to PRS periodicity, i.e. 160 ms.
Proposal 4: Support the proposed reference test configurations below under the assumption that they correspond to the Pcell configuration and do not constrain the PRS bandwidth and SCS to be tested in each test case.
Proposal 5: Incorporate type 1 PRS muting in some of the measurement period test cases. E.g. RSTD measurement period tests with 3 TRPs.
Proposal 6: Test synchronous cells/TRPs with small time offsets (e.g. 3 usec) between cells as in the simulation assumptions.


	R4-2110054
	OPPO
	Proposal 1: Support option 1a: Do not define RSTD accuracy tests with differential RSTD. No need to limit the reporting format for the test cases.
Proposal 2: Only synchronous cells should be defined for test cases.
Proposal 3: Muting PRS configuration should be defined for core requirements test cases.
Proposal 4: Non-muting PRS configuration should be defined for performance requirements test cases.
Proposal 5a: The test procedure for LTE OTDOA can be reused for NR RSTD measurement delay tests. 
Proposal 5b: Consider simplified test procedure for LTE OTDOA for other measurement delay tests and all accuracy tests.  


	R4-2110055
	OPPO
	CR

	R4-2110887
	Huawei, HiSilicon
	Proposal 1: The number of PRS resources per TRP is configured as
· One, for RSTD and UE Rx-Tx tests
· Two, for PRS-RSRP tests
Proposal 2: Use comb-2 with symbol-8 for the PRS configuration with 4 repetitions.
Proposal 3: Consider Table 2 for general SRS configuration for UE Rx-Tx test cases.
Table 2: general SRS configuration for UE Rx-Tx RRM test cases
	SRS-Resource
	SRS-ResourceId
	0

	
	nrofSRS-Ports
	Port1

	
	transmissionComb 
	n4

	
	combOffset-n4
	0

	
	cyclicShift-n4
	0

	
	resourceMapping
startPosition
	0

	
	resourceMapping
nrofSymbols	
	n4

	
	resourceMapping
repetitionFactor
	n1

	
	freqDomainPosition
	0

	
	freqDomainShift
	0

	
	freqHopping
c-SRS
	Matches NRB,c 

	
	groupOrSequenceHopping
	Neither

	
	resourceType
	Periodic

	
	periodicityAndOffset-p
	160*2^u, 20*2^u

	
	sequenceId
	0


Proposal 4: Define test cases for sync scenarios only.
Proposal 5: Define test cases without muting.
Proposal 6: Re-use the test configurations {10MHz BW, 15kHz SCS}, {40MHz BW, 30kHz SCS} and {100MHz BW, 120kHz SCS} for serving cell.
Proposal 7: RAN4 to align whether single PFL and dual PFL are tested as sub-tests of the same test case, or with separate test cases. 


	R4-2110888
	Huawei, HiSilicon
	draftCR

	R4-2110889
	Huawei, HiSilicon
	draftCR

	R4-2110890
	Huawei, HiSilicon
	draftCR

	R4-2111345
	Ericsson
	· Proposal 1: In the test one cell is serving and other cell(s) as non-serving cell.
· Proposal 2: Absolute measurement reporting is tested for all positioning measurements (RSTD, PRS-RSRP and UE Rx-Tx time difference).
· Proposal 3: Differential measurement reporting is tested for one positioning measurement (preferably UE Rx-Tx time difference).
· Proposal 4: All cells are synchronous in all positioning test cases regardless of whether the cells belong to FDD band or TDD band.
· Proposal 5: The maximum radio frame receive time offset between any pair of the cells at the UE antenna connector shall be within 3 µs.
· Proposal 6: Same measurement gap configuration is used in all positioning test cases.
· Proposal 7: Use gap configuration # 24 in all positioning test cases.
· Proposal 8: In each accuracy test case, the NR measurements are tested for multiple PRS measurement bandwidths, with at least:
· the smallest bandwidth, 
· a bandwidth from the medium bandwidths range (e.g., >48 PRBs in FR1 or >32 PRBs in FR2),
· a bandwidth from the large bandwidths range (e.g., >132 PRBs in FR1 or >64 PRBs in FR2).
· Proposal 9: No PRS repetitions are configured in NR positioning test cases for PRS BW which does not need repetition in the requirements.
· Proposal 10: Number of PRS repetitions in NR positioning test cases for smallest PRS BW shall nor be larger than the one for which the requirements apply.
· Proposal 11: PRS SCS is the same as SSB SCS.
· Proposal 12: Configure DRX in all NR positioning test cases.
· Proposal 13: Supported test configurations for FR1:
	Configuration
	Description

	1
	15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	2
	15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	3
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	NOTE:	The UE is only required to be tested in one of the supported test configurations.



· Proposal 14: Supported test configurations for FR2:
	Configuration
	Description

	1
	120 kHz SSB SCS, 100 MHz bandwidth, TDD duplex mode



· Proposal 15: SRS configuration in UE Rx-Tx test cases is based on the following assumptions:
· frequency hopping: no
· group or sequence hopping: no
· Number of antenna ports: 1
· Resource type: periodic
· SCS: same as for SSB.


	R4-2111346
	Ericsson
	draftCR

	R4-2111347
	Ericsson
	draftCR



Open issues summary and companies’ views collection for 1st round
Sub-topic 5-1 Channel conditions defined in the test cases 
[Moderator notes: this open issue is to address the issues below.
· Test cases for accuracy requirements are defined for 
· AWGN conditions
· FFS: fading conditions for FR1
]
· Option 1 (CATT, OPPO, Qualcomm) 
· Defined for AWGN condition only.
· Option 2(vivo)
· Tests to verify RSTD and UE Rx-Tx accuracy requirements under fading channel can be considered if feasibility is possible in terms of TE complexity

Recommended WF: Could the following proposal be agreeable?
“Proposal: 
· Defined for AWGN condition only in Re1l6.
· Whether need the additional testing under the fading channel can be FFS in TEI stage involving more TE vendors.  
	Company
	Comments

	Intel
	We can support the proposal in the recommended WF regarding to TE vendor’s concern on the testing complexity. 

	Qualcomm
	Agree with proposed WF.

	OPPO
	Agree with the recommended WF.

	vivo
	Support the recommended WF.

	Huawei
	Support the recommended WF

	E///
	OK with WF



[bookmark: _Hlk62236945]Sub-topic 5-2	 Absolute measurement reporting in test cases
· Option 1 (Ericsson): 
· Absolute measurement reporting is tested for all positioning measurements (RSTD, PRS-RSRP and UE Rx-Tx time difference).
· Differential measurement reporting is tested for one positioning measurement (preferably UE Rx-Tx time difference).
· Option 2a(Huawei, OPPO): Do not define RSTD accuracy tests with differential RSTD. No need to limit the reporting format for the test cases.
· For RSTD and UE Rx-Tx tests, we only have absolute accuracy requirements and  one PRS resource per TRP shall be configured
· Option 2b( Qualcomm, Huawei): For PRS-RSRP measurement accuracy testing, define test cases with two PRS resources per TRP (in the same DL-PRS Resource Set) and configure the UE to report two measurements per TRP so that differential reporting is used to report one of the measurements
Recommended WF: Further discussion needed. Collect companies’ views

	Company
	Comments

	Intel
	We support Option 2a, 2b which can minimize the number of testing.

	Qualcomm
	Options 2a and 2b

	OPPO
	We can support option 2a and 2b.

	Huawei
	Options 2a and 2b

	Moderator
	We can agree Option 2b

	
	


 

Sub-topic 5-3 Test case list clarifications 
· Option 1 (Ericsson) 
· In the test one cell is serving and other cell(s) as non-serving cell.
Recommended WF: Further discussion needed. Collect companies’ views.
	Company
	Comments

	Intel
	In RSTD/PRS RSRP/UE Rx-Tx time difference measurement testing, we need not to distinct the serving cell and non-serving cell but the cell with higher SINR(-3or -6dB) or lower SINR (-13dB). 
So Option 1 on the test case list clarification is unnecessary. 

	Qualcomm
	Option 1 is fine.

	Huawei
	Option 1 is fine.

	E///
	Option 1. We want to avoid both are serving cells e.g. Pcell and SCell. One cell has to be serving otherwise test cannot be setup



Sub-topic 5-4 General PRS configuration for NR Positioning test cases
Sub-topic 5-4-1 Comb size, number of symbol , slot repetition factor 
[Moderator notes:  In the last meeting a CR for the general PRS configuration used was endorsed. In this meeting, some proposals on the revised parameters can be FFS below.]
· Option 1 (Qualcomm) 
· Add a reference PRS configuration with 24 PRBs and SCS = 15 kHz.
· PRS comb size = 2 or 4.
· Number of PRS symbols = K*comb_size, K = 1, 4 (if needed).
· Option 2 (Huawei)
· Use comb-2 with symbol-8 for the PRS configuration with 4 repetitions.
[Moderator notes: number of PRS symbol = {2, 4, 6, 12} only.]
· Option 3(Ericsson)
· No PRS repetitions are configured in NR positioning test cases for PRS BW which does not need repetition in the requirements.
· Number of PRS repetitions in NR positioning test cases for smallest PRS BW shall nor be larger than the one for which the requirements apply.
· 
Recommended WF: Further discussion needed. Collect companies’ views.
	Company
	Comments

	Intel
	We can agree”  a reference PRS configuration with 24 PRBs and SCS = 15 kHz”
The other necessary updates on the PRS configuration can be done after the accuracy requirements were agreed. 

	Qualcomm
	We support option 1 with clarification that we prefer one comb pattern per slot (comb size = num PRS symbols) and repetitions in separate slots.
We can support Option 3 as well.

	Huawei
	Basically for each SCS we need one configuration with 4 repetitions and 24 RB BW, and another configuration with 1 repetition and larger RB number. 

	Moderator
	Could we agree the following proposal:
“The basic PRS configuration patterns shall include two subaptterns for each SCS:
· PRSx.1: PRS BW =24, repetition = 4 (e.g. symb =4, comb=2, rep=2 , which can avoid the cross-slot combination issue)
· PRSx.2: PRS BW =64, repetition = 1 (e.g. symb =4, comb=4, rep=1)
“




Sub-topic 5-3 SRS configuration for NR Positioning test case
· Option 1 (Intel, Huawei)
· BW: to define the SRS BW corresponding to the channel BW, i.e. 10MHz for 15kHz SCS, 40MHz for 30kHz SCS and 100MHz for 120kHz SCS.
· comb size 4 with 4 OFDM symbols. 
· 160ms, and the offset is 20ms (the separation between PRS and SRS is 10ms).
· Table 2: general SRS configuration for UE Rx-Tx RRM test cases
	SRS-Resource
	SRS-ResourceId
	0

	
	nrofSRS-Ports
	Port1

	
	transmissionComb 
	n4

	
	combOffset-n4
	0

	
	cyclicShift-n4
	0

	
	resourceMapping
startPosition
	0

	
	resourceMapping
nrofSymbols	
	n4

	
	resourceMapping
repetitionFactor
	n1

	
	freqDomainPosition
	0

	
	freqDomainShift
	0

	
	freqHopping
c-SRS
	Matches NRB,c 

	
	groupOrSequenceHopping
	Neither

	
	resourceType
	Periodic

	
	periodicityAndOffset-p
	160*2^u, 20*2^u

	
	sequenceId
	0


· 
· Option 2(Ericsson)
· frequency hopping: no
· group or sequence hopping: no
· Number of antenna ports: 1
· Resource type: periodic
· SCS: same as for SSB
· Option 3 (Qualcomm) Match SRS periodicity to PRS periodicity, i.e. 160 ms

Recommended WF: Further discussion needed. Collect companies’ views.
	Company
	Comments

	Intel
	The option 1,2,3, are not exclusive. So we suggest all of them can be included in the SRS configuration in CR. 

	Qualcomm
	We support option 3. For option 1, the first two bullet points are agreeable. Is the SRS periodicity fixed to 160 ms or dependent on numerology in option 1?

	Huawei
	Option 1.
Option 1 already includes proposals from other options. The last bullet of option 1 should be corrected from 80ms to 160ms as in the table. The SCS periodicity is 160ms. It is dependent on SCS in the table because the unit in the configuration signaling is slot.

	
	





Sub-topic 5-6 Number of positioning frequency layers 
· Option 1 (Huawei)
· RAN4 to align whether single PFL and dual PFL are tested as sub-tests of the same test case, or with separate test cases
[Moderator notes: in the last meeting the following agreements were achieved.
·  Test Case 1 or Case 2 for delay tests and RSTD accuracy tests. Test Case 1 for PRS-RSRP and UE Rx-Tx accuracy tests
· Case 1: 1 PFL, and all cells are on the same PFL
· Case 2: 2 PLFs, and cells are distributed on two PFLs
· UE supporting more than one PFL only needs to pass tests for Case 2.
So, please companies provide your view on the question from Huawei above]
Recommended WF: Further discussion needed. Collect companies’ views.
	Company
	Comments

	Intel
	In our understanding, we prefer the separated test cases since the total testing number can be less than that when the different sub-test needs. But we are fine if the companies can accept the more testing but wider testing coverage.  

	Huawei
	We support to have single PFL tests and dual PFL tests in separate test cases (sections).

	
	




Sub-topic 5-7 Synchronous/Asynchronous cells
· Option 1. (Intel, Huawei, OPPO, Ericsson, Qualcomm): The synchronous cells will be tested for the measurement delay requirements test. 
Recommended WF: Option 1 can be agreeable.
	Company
	Comments

	Qualcomm
	Agree with recommended WF.

	Huawei
	Support the recommended WF.

	E///
	OK with WF




Sub-topic 5-8 Muting pattern
· Option 1 (OPPO)
· PRS configuration should be defined for core requirements test cases.
· Non-muting PRS configuration should be defined for performance requirements test cases.
· Option 1a (Qualcomm): type 1 PRS muting for RSTD measurement period report testing cases
· Option 1b. (Intel):  
· For the core requirements test cases the following muting PRS configuration will be used. 
· Cell 1: ‘11110000’
· Cell 2: ‘00001111’
· Cell 3: ‘11110000’ 
· 
· Option 2 (Huawei): No
Recommended WF: Further discussion needed. Collect companies’ views.
	Company
	Comments

	Intel
	For the accuracy testing, non-muting PRS configuration should be defined.
For the core requirement testing, we are fine Option 1/1a/1b and Option 2. But Option 2 is slightly preferred since muting pattern is most likely used to improve UE received SINR. 

	Qualcomm
	Option 1a.

	OPPO
	Support option 1 and 1b for core requirement test cases. 

	Huawei
	Option 2.
With limited number of TRPs in the test, the SINR side condition can be achieved without muting. In the sense, we do not see the point to have muting configured in the test.




Sub-topic 5-9 Reporting configuration
· Option 1 (Ericsson): The network configured k is set as follows:
· timingReportingGranularityFactor=0 for FR1,
· timingReportingGranularityFactor=2 for FR2
· 
Recommended WF: Further discussion needed. Collect companies’ views.
	Company
	Comments

	Intel
	The report resolution : can follow the minimum resolution UE can achieved because the network configured “k1” can be overrided by UE’s (k2)

	Qualcomm
	Would like to confirm that option 1 is written correctly. Higher resolution for FR1?

	Huawei
	Same question as QC.

	
	




Sub-topic 5-10 Supported test configurations in FR1
· Option 1 (Ericsson, Huawei): Supported test configurations for FR1:
	Configuration
	Description

	1
	15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	2
	15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	3
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	NOTE:	The UE is only required to be tested in one of the supported test configurations.



· Option 1a (Qualcomm): Support the proposed reference test configurations below under the assumption that they correspond to the Pcell configuration and do not constrain the PRS bandwidth and SCS to be tested in each test case. 
Supported test configurations for FR1:
	Configuration
	Description

	1
	15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	2
	15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	3
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	NOTE:	The UE is only required to be tested in one of the supported test configurations.




Recommended WF: Since the test case will be defined for SA case only, these two options can be identical assuming the testing is targeted for PCell. So could the Option 1 agreeable?
	Company
	Comments

	Intel
	We support Option 1. Actually both options are same. 

	Qualcomm
	Does configuration 3 in option1 support testing with PRS reference configuration PRS2.2 (SCS=30, BW=50 MHz)?
We support option 1a for now.
[Moderator notes: for 30k SCS, PRS2.2. can be corrected as SCS=30, BW=40MHz]

	Huawei
	We support option 1a. We already agreed reference PRS configurations in last meeting.

	E///
	Both are the same 




Sub-topic 5-15 Supported test configurations in FR2
· Option 1 (Ericsson, Huawei): Supported test configurations for FR2:
	Configuration
	Description

	1
	120 kHz SSB SCS, 100 MHz bandwidth, TDD duplex mode


· Option 1a (Qualcomm): : Support the proposed reference test configurations below under the assumption that they correspond to the Pcell configuration and do not constrain the PRS bandwidth and SCS to be tested in each test case. 
Supported test configurations for FR2:
	Configuration
	Description

	1
	120 kHz SSB SCS, 100 MHz bandwidth, TDD duplex mode




Recommended WF: Since the test case will be defined for SA case only, these two options can be identical assuming the testing is targeted for PCell. So could the Option 1 agreeable?.

	Company
	Comments

	Intel
	We support Option 1. Actually both options are same. 

	Qualcomm
	Is 100 MHz the highest PRS BW that will be tested in FR2?
[Moderator notes: this is based on the agreements  in the last meeting for accuracy. If we need the additional requirements for PRS BS>=132 PRBs, the higher BW shall be considered as well]

	Huawei
	We support option 1a. We already agreed reference PRS configurations in last meeting.



Sub-topic 5-12 Gap pattern
· Option 1 (Intel):  #0 and #24
· Option 2(Ericsson): #24 and Same measurement gap configuration is used in all positioning test cases
Recommended WF: Option 2 can be agreed for simplicity.

	Company
	Comments

	Intel
	We are fine to Option 2.

	Qualcomm
	Option 2 can be the baseline assumption.

	OPPO
	If option2 is agreed, then how to test a UE that does not support MG #24?

	Huawei
	We suggest to use MGP #0 which is supported by all the UEs. MGP #24 is an optional capability.

	E///
	We prefer # 24 but since it is optional then in the same test we can use # 0 and #24. There can be a rule that #24 is used for UE supporting # 24, otherwise # 0 is used.


Sub-topic 5-13 Testing procedure
· Option 1 (Intel, OPPO)
· The test procedure for LTE OTDOA can be reused for NR RSTD measurement delay tests.
· Option 1a (OPPO)
· Consider simplified test procedure for LTE OTDOA for other measurement delay tests and all accuracy tests.  
Recommended WF: The testing procedure for LTE OTDoA can be reused for NR RSTD and UE Rx-Tx time difference measurement tests.

	Company
	Comments

	Intel
	Support the recommend WF

	Qualcomm
	In principle, we agree that much of the test procedure for LTE OTDOA can be leveraged. We’re not sure if there is a need to define three time periods T1, T2 and T3 in the tests. It could be simplified. 

	OPPO
	Support option 1 and option 1a. The test procedure for LTE OTDOA define 3 time intervals with 3 cells transmitting PRS, which can be reused for NR RSTD measurement delay test. However, it was agreed that only 2 cells/TRPs are required for the delay test RSRP or UE Rx-Tx time difference measurement and all accuracy tests. For these test cases, the test procedure should be simplified. For example, 2 time intervals with 2 TRPs can be defined.

	Huawei
	The need for 3 time periods comes from muting. If we do not use muting, then 2 time periods should be enough.

	
	



Sub-topic 5-14 OTA testing parameters
· Option 1 (Intel):  The setup of AoA for RSTD testing in FR2 can be based on AoA setup 1 for all cells/TRPs. 
· 
Recommended WF: Further discussion needed. Collect companies’ views.

	Company
	Comments

	Intel
	Option 1

	Qualcomm
	Option 1 is fine.

	Huawei
	Suggest FFS.





CRs/TPs
	CR/TP number
	Comments collection

	R4-2108765 [draft CR] Test cases for PRS-RSRP measurement accuracy (ZTE)
	Intel: Need to be revised after the technical issues resolved  in the 1st round

	
	

	
	

	
	

	R4-2109097 CR on test case for PRS-RSRP measurement requirements for FR2 in SA (CATT)
	Intel: Need to be revised after the technical issues resolved  in the 1st round

	
	

	
	

	R4-2109232 draftCR] CR for PRS configurations for NR Pos RRM tests (Intel)
	Need to be revised after the parameters combination for the accuracy requirements are agreed.

	
	

	
	

	R4-2109233  draftCR] CR for the test case of RSTD measurement requirements reporting in SA (Intel)
	Intel: Need to be revised after the technical issues resolved  in the 1st round

	
	

	
	

	R4-2111346 TC5 and TC6: UE Rx-Tx time difference measurement requirements for FR1 and FR2 in SA (Ericsson)
	Intel: Need to be revised after the technical issues resolved  in the 1st round

	
	

	
	

	R4-2111347  TC11 and TC12: UE Rx-Tx time difference measurement accuracy for FR1 and FR2 in SA (Ericsson)
	Intel: Need to be revised after the technical issues resolved  in the 1st round

	
	

	
	

	R4-2110888 draftCR to introduce TC for PRS-RSRP measurement requirements for FR1 in SA
(Huawei)
	Intel: Need to be revised after the technical issues resolved  in the 1st round

	
	

	
	

	R4-2110889 draftCR to introduce TC for RSTD measurement accuracy for FR1 and FR2 in SA (Huawei)
	

	R4-2110890 (Huawei)
	Intel: Need to be revised after the technical issues resolved  in the 1st round

	R4-2110055 
OPPO
	Intel: can be combined with R4-2109232

	
	

	
	

	
	


Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#5-1
	Channel conditions defined in the test cases 
Tentative agreements:
GTW agreements:
· Test cases for PRS-RSTD, PRS-RSRP and UE Rx-Tx accuracy requirements 
· Test cases are defined for AWGN conditions
· AWGN accuracy requirements are used for the accuracy test cases for PRS-RSTD and UE Rx-Tx.
· Test cases for measurement delay requirements
· FFS if fading conditions can be used for FR1 measurement delay tests cases. 
· AWGN conditions will be used for FR2 measurement delay test cases.

Candidate options:

Recommendations for 2nd round: Can be FFS on 
· Test cases for measurement delay requirements
· FFS if fading conditions can be used for FR1 measurement delay tests cases. 


	Sub-topic #5-2
	Absolute measurement reporting in test cases
Tentative agreements: 
For PRS-RSRP measurement accuracy testing, define test cases with two PRS resources per TRP (in the same DL-PRS Resource Set) and configure the UE to report two measurements per TRP so that differential reporting is used to report one of the measurements
Candidate options:

Recommendations for 2nd round: NO further discussion

	Sub-topic#5-3
	Test case list clarifications carrier 
Tentative agreements: 
In the test one cell is serving and other cell(s) as non-serving cell
Candidate options:

Recommendations for 2nd round : No further discussion needed.

	Sub-topic#5-4-1
	General PRS configuration for NR Positioning test case 
Tentative agreements: 
The basic PRS configuration patterns shall include two subaptterns for each SCS:
· PRSx.1: PRS BW = lowest PRS BW defined in the accuracy requirements (e.g. 24 PRBs for SCS 15kHz),, repetition = 4 (e.g. symb =4, comb=2, rep=2 , which can avoid the cross-slot combination issue)
· PRSx.2: PRS BW = highest PRS BW defined in the accuracy requirements (e.g. 104 PRBs for SCS 15kHz),, repetition = 1 (e.g. symb =4, comb=4, rep=1)
Candidate options
Recommendations for 2nd round: Check whether the tentative agreements can be agreeable.

	Sub-topic#5-7
	SRS configuration for NR Positioning test case
Tentative agreements: 
SRS configuration can be define based on the principle below. 
· BW: to define the SRS BW corresponding to the channel BW, i.e. 10MHz for 15kHz SCS, 40MHz for 30kHz SCS and 100MHz for 120kHz SCS.
· comb size 4 with 4 OFDM symbols. 
· 160ms, and the offset is 20ms (the separation between PRS and SRS is 10ms)
· frequency hopping: no
· group or sequence hopping: no
· Number of antenna ports: 1
· Resource type: periodic
· SCS: same as for SSB
· Match SRS periodicity to PRS periodicity, i.e. 160 ms

And the general SRS configuration can be :
· Table 2: general SRS configuration for UE Rx-Tx RRM test cases
	SRS-Resource
	SRS-ResourceId
	0

	
	nrofSRS-Ports
	Port1

	
	transmissionComb 
	n4

	
	combOffset-n4
	0

	
	cyclicShift-n4
	0

	
	resourceMapping
startPosition
	0

	
	resourceMapping
nrofSymbols	
	n4

	
	resourceMapping
repetitionFactor
	n1

	
	freqDomainPosition
	0

	
	freqDomainShift
	0

	
	freqHopping
c-SRS
	Matches NRB,c 

	
	groupOrSequenceHopping
	Neither

	
	resourceType
	Periodic

	
	periodicityAndOffset-p
	160*2^u, 20*2^u

	
	sequenceId
	0



Candidate options: 

Recommendations for 2nd round: No further discussion

	Sub-topic#5-6
	Number of cells/TRPs for NR Positioning test case 
Tentative agreements: 
single PFL tests and dual PFL tests in separate test cases (sections).

Candidate options:
Recommendations for 2nd round: No further discussion


	Sub-topic#5-7
	Synchronous/Asynchronous cells 
Tentative agreements: 
· The synchronous cells will be tested for the measurement delay requirements test. 

Candidate options:

Recommendations for 2nd round: No further discussion

	Sub-topic#5-8
	Muting pattern 
Tentative agreements: None
Candidate options:
· Option 1 (OPPO)
· PRS configuration should be defined for core requirements test cases.
· Non-muting PRS configuration should be defined for performance requirements test cases.
· Option 1a (Qualcomm): type 1 PRS muting for RSTD measurement period report testing cases
· Option 1b. (Intel):  
· For the core requirements test cases the following muting PRS configuration will be used. 
· Cell 1: ‘11110000’
· Cell 2: ‘00001111’
· Cell 3: ‘11110000’ 
· Option 2 (Huawei): No
Recommendations for 2nd round: Can be FFS

	Sub-topic#5-9
	Reporting configuration 
Tentative agreements: None
Candidate options:
· Option 1 (Ericsson): The network configured k is set as follows:
· timingReportingGranularityFactor=0 for FR1,
· timingReportingGranularityFactor=2 for FR2
· Option 2 : No need limit the reporting granularity.

Recommendations for 2nd round: Can be FFS

	Sub-topic #5-10
	Supported test configurations in FR1
Tentative agreements: 
· Support the proposed reference test configurations below under the assumption that they correspond to the Pcell configuration and do not constrain the PRS bandwidth and SCS to be tested in each test case. 
Supported test configurations for FR1:
	Configuration
	Description

	1
	15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	2
	15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	3
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	NOTE:	The UE is only required to be tested in one of the supported test configurations.




Candidate options:
Recommendations for 2nd round: NO further discussion

	Sub-topic #5-11
	Supported test configurations in FR2
Tentative agreements: None.
· Support the proposed reference test configurations below under the assumption that they correspond to the Pcell configuration and do not constrain the PRS bandwidth and SCS to be tested in each test case. 
Supported test configurations for FR2:
	Configuration
	Description

	1
	120 kHz SSB SCS, 100 MHz bandwidth, TDD duplex mode




Recommendations for 2nd round: No further discussion.

	Sub-topic #5-12
	Gap pattern 
Tentative agreements: None.
use MGP #24 if supported by UE otherwise #0 can be used.

Recommendations for 2nd round: Can be FFS. Check whether the tentative agreements is agreeable.

	Sub-topic #5-13
	Testing procedure 
Tentative agreements: None.
· The testing procedure for LTE OTDoA can be taken as the baseline for NR RSTD and UE Rx-Tx time difference measurement tests.
· The further simplified procedure can be FFS.

Recommendations for 2nd round: No further discussion.

	Sub-topic #5-14
	OTA testing parameters
Tentative agreements: None.
The setup of AoA for RSTD testing in FR2 can be based on AoA setup 1 for all cells/TRPs.

Recommendations for 2nd round: No further discussion



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

	R4-2108765 [draft CR] Test cases for PRS-RSRP measurement accuracy (ZTE)
	Revise

	R4-2109097 CR on test case for PRS-RSRP measurement requirements for FR2 in SA (CATT)
	Revise

	R4-2109232  [draftCR] CR for PRS configurations for NR Pos RRM tests
	Revise

	R4-2109233 draftCR] CR for the test case of RSTD measurement requirements reporting in SA (Intel)
	Revise

	R4-2111346 TC5 and TC6: UE Rx-Tx time difference measurement requirements for FR1 and FR2 in SA (Ericsson)
	Revise

	R4-2111347    TC11 and TC12: UE Rx-Tx time difference measurement accuracy for FR1 and FR2 in SA (Ericsson)
	Revise

	R4-2110888   draftCR to introduce TC for PRS-RSRP measurement requirements for FR1 in SA
(Huawei)
	Revise

	R4-2110889 draftCR to introduce TC for RSTD measurement accuracy for FR1 and FR2 in SA (Huawei)
	Revise

	R4-2110890 (Huawei)
	Revise

	R4-2110055 
OPPO
	Merged 

	
	

	
	




Discussion on 2nd round 
Please only comment on topics that are selected for discussion in 2nd round.
Sub-topic#5-1 Channel conditions defined in the test cases 
	Company
	Comments

	R&S
	As mentioned even in previous meetings, from a practical point of view, an overall TE complexity of 3cells + fading (delay test cases) is too high for test systems for Positioning. This is even higher, than RRM Rel-15 systems, where the highest number of NR cells is 2, while the highest number of faded cells is 1. Since 3 cells seems to be more relevant for the test purpose (delay test cases), we recommend to remove fading and test only in AWGN conditions.
This should be considered in for the revision of R4-2109233 in R4-2108307

	
	



Sub-topic#5-8 Muting pattern 
	Company
	Comments

	
	

	
	



Sub-topic#5-9 Reporting configuration 
	Company
	Comments

	
	

	
	




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

	
	



Summary on 2nd round 
	CR/TP/LS/WF number
	T-doc status update recommendation  

	R4-2108299 (WF)
	Return

	R4-2108305
	Agreeable

	R4-2108306
	Agreeable

	R4-2108307
	Agreeable

	R4-2108308
	Agreeable

	R4-2108309
	Agreeable

	R4-2110888   
	Agreeable

	R4-2108311
	Agreeable

	R4-2108312
	Agreeable

	R4-2108424
	Agreeable



Simulation results
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2111342 
	Ericsson
	On Methodology for estimating UE positioning measurement results

	R4-2109238

	Intel Corporation
	Summary of link level simulation result for RSTD, PRS RSRP and UE Rx-Tx time difference

	R4-2110882
	Huawei, HiSilicon
	Additional simulation results for PRS measurement performance

	R4-2111343
	Ericsson
	Link level simulation results for RSTD, PRS RSRP and UE Rx-Tx time difference

	R4-2109866
	Qualcomm Incorporated
	NR Pos performance simulation results

	R4-2109943
	vivo
	link level simulation result of RSTD, PRS RSRP and UE Rx-Tx time difference

	
	
	

	
	
	

	
	
	



Open issues summary
[Moderator notes: all simulation results from the different companies were be included in R4-2109238
 for information only.]
Sub-topic 6-1 Which method used for the reference point of ideal TX time
Please companies provide some clarifications on the method to model the ideal TX time using in the simulations in [R4-21105857]

· Option 1. The absolute Tx time
· Option 2. The Tx time in the channel sampling point
Recommended WF: According to the pre-meeting email discussion , Option 1 can be agreed.
· 
	Company
	Comments

	Qualcomm
	Agree with the recommended WF. In addition, it needs to be clarified that for fading channels the reference time corresponds to the TOA of the first tap in the PDP.

	vivo
	For the ideal Tx time, the absolute Tx time should be used.
Additionally, it needs to be clarified that the absolute Tx time of which path (channel) is used as timing reference.
One option is to use absolute time of first tap as time reference. This straightforward to define the requirements. However, the question is that the accuracy requirements doesn’t really provide a reasonable measure for the actual accuracy in the field. The requirements are highly dependent on channel models we used in the simulation to derive accuracy requirements. 
The accuracy for 60kHz SCS with 132 PRBs can be used as an example. According to simulation results in R4-21109238, the averaged measurement error for the combination at baseband is 23Tc in FR1 but 48Tc in FR2.  The difference is due to channel model, which is TDL-A for FR1 and TDL-C for FR2. Therefore, the requirements would be misleading in terms of accuracy that can be reached in the field.
Another option is to use first detectable path as time reference. For example, for TDL-A channel it may not be very reasonable to use first tap as time reference as it is too weak to be detectable.
Table B.2.1.1-2 TDLA30 (DS = 30 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh


 

	Huawei
	Option 1.



Sub-topic 6-2 The methodology to conduct the accuracy requirements for RSTD/UE Rx-Tx time difference
· Option 1:
· Do not account misalignment of TO and UE sampling grid in the simulation results
· And add the channel quantization error margin (TBD, e.g. [Ts/2]) into the baseline requirement based on the simulation results above
· Option 2: 
· Explicitly account misalignment of TO and UE sampling grid in the simulation results
· Derive the requirements directly from the simulation results above

Recommended WF: According to the pre-meeting email discussion , Option 2 can be agreed.

	Company
	Comments

	Qualcomm
	Option 2

	vivo
	Option 2

	Huawei
	Option 2.



Sub-topic 6-3 Simulation results collection (For information only)
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic#6-1
	Which method used for the reference point of ideal TX time
Tentative agreements:
GTW agreements:
· Reference point of ideal RX time for RSTD accuracy requirements is the absolute arrival time of the first path of the receive signal

Candidate options
Recommendations for 2nd round: No further discussion needed.

	Sub-topic#6-2
	The methodology to conduct the accuracy requirements for RSTD/UE Rx-Tx time difference
Tentative agreements:
· Explicitly account misalignment of TO and UE sampling grid in the simulation results
· Derive the requirements directly from the simulation results above

Candidate options
Recommendations for 2nd round: No further discussion needed.



Recommendation for Tdocs 
After first round:
	[bookmark: _Hlk55513369]Tdoc No.
	Source company
	Recommendation
	Remarks

	Big CR

	R4-211130
	Ericsson, Intel
	Revised
	

	CR for accuracy requirements

	R4-2110884
	(Huawei, Hi Silicon)
	Revised
	

	R4-2111344
	(Ericsson)
	Revised
	

	R4-2109096
	(CATT)
	Revised
	

	R4-2110126
	OPPO
	Merged
	combined with R4-2110884.

	R4-2109940
	vivo
	Return
	

	CR for TC

	R4-2108765
	ZTE
	Revised
	

	R4-2109232  
	Intel
	Revised
	

	R4-2109233
	Intel
	Revised
	

	R4-2111346
	Ericsson
	Revised
	

	R4-2111347
	Ericsson
	Revised
	

	R4-2110888   
	Huawei
	Revised
	

	R4-2110889
	Huawei
	Revised
	

	R4-2110890
	Huawei
	Revised
	

	R4-2109097
	CATT
	Revised
	

	R4-2110055 
	OPPO
	Merged 
	combined with R4-2109232

	WF

	New
	Intel
	Return
	

	Simulation results collection

	R4-2109238
	Intel
	Revised
	



[bookmark: _Hlk69810507]After 2nd round:
	Tdoc No.
	Revision from
	Source company
	Recommendation
	Remarks

	Big CR

	R4-2108271
	R4-211130
	Ericsson, Intel
	For email approval
	

	CR for accuracy requirements

	R4-2108302
	R4-2110884
	(Huawei, Hi Silicon)
	Agreeable
	

	R4-2108303
	R4-2111344
	(Ericsson)
	Agreeable
	

	R4-2108304
	R4-2109096
	(CATT)
	Agreeable
	

	R4-2108422   
	R4-2109940
	vivo
	Agreeable
	

	
	
	
	
	

	CR for TC

	R4-2108305
	R4-2108765
	ZTE
	Agreeable
	TC9-10

	R4-2108306
	R4-2109232  
	Intel
	Agreeable
	TC0-PRS

	R4-2108307
	R4-2109233
	Intel
	Agreeable
	TC1-2

	R4-2108308
	R4-2111346
	Ericsson
	Agreeable
	TC5-6

	R4-2108309
	R4-2111347
	Ericsson
	Agreeable
	TC11-12

	R4-2108310
	R4-2110888   
	Huawei
	Withdraw. The original version can be agreeable.
	

	R4-2108311
	R4-2110889
	Huawei
	Agreeable
	TC3

	R4-2108312
	R4-2110890
	Huawei
	Agreeable
	TC7-8

	R4-2108424
	R4-2109097
	CATT
	Agreeable
	TC4

	WF

	R4-2108299
	New
	Intel
	Return
	1. Slide 4 – Num repetitions for “AWGN, FR2, PRB = 24,32” -> add brackets [All]. 
1. Slide 9 – same revisions as for slide 4. 

	Simulation result collection and  full set of the simulation parameter list 

	R4-2108313	
	R4-2109238
	Intel
	For information 
	





Workplan for performance part CR:
	Index
	CR Title
	Tentative section number in [2]
	Responsible Company
	Note

	Draft Big CR

	
	Draft Big CR on NR Positioning Performance requirements 
	
	Ericsson, Intel
	

	UE Accuracy requirements. Report mapping

	P1
	RSTD measurement accuracy requirements
	10.1.23
	Huawei
	

	P2
	PRS RSRP measurement accuracy requirements
	10.1.24
	CATT
	Agreed in R4#98b-e

	P3
	UE Rx-Tx time difference measurement accuracy requirements
	10.1.25
	Ericsson
	

	UE Performance requirements

	0
	PRS configuration parameters
	A3.x.
	Intel
	Agreed in R4#98b-e

	TC1
	RSTD measurement requirements for FR1 in SA
	A6.6.x RSTD measurements
	Intel
	

	TC 2
	RSTD measurement requirements for FR2 in SA
	A7.6.x RSTD measurements
	Intel
	

	TC 3
	PRS-RSRP measurement requirements for FR1 in SA
	A6.6.xx PRS-RSRP measurements
	Huawei
	

	TC 4
	PRS-RSRP measurement requirements for FR2 in SA
	A7.6.xx PRS-RSRP measurements
	CATT
	

	TC 5
	UE Rx-Tx time difference measurement requirements for FR1 in SA
	A6.6.xxx UE Rx-Tx time difference measurements
	Ericsson
	

	TC 6
	UE Rx-Tx time difference measurement requirements for FR2 in SA
	A7.6.xxx UE Rx-Tx time difference measurements
	Ericsson
	

	TC 7
	RSTD measurement accuracy for FR1 in SA
	A6.7.x RSTD measurements
	Huawei
	

	TC 8
	RSTD measurement accuracy for FR2 in SA
	A7.7.x RSTD measurements
	Huawei
	

	TC 9
	PRS RSRP measurement accuracy for FR1 in SA
	A6.7.xx xx PRS-RSRP measurements
	ZTE
	

	TC 10
	PRS RSRP measurement accuracy for FR2 in SA
	A7.7.xx xx PRS-RSRP measurements
	ZTE
	

	TC 11
	UE Rx-Tx time difference measurement accuracy for FR1 in SA
	A6.7.xxx UE Rx-Tx time difference measurements
	Ericsson
	

	TC 12
	UE Rx-Tx time difference measurement accuracy for FR2 in SA
	A7.7.xxx UE Rx-Tx time difference measurements
	Ericsson
	

	
	FFS: NR-DC with FR1 PCell and FR2 PSCell
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