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1. Introduction
In the last meeting (RAN1#98 Bis), the following agreements were made with regards to measurements for positioning:
	Conclusion:
RSTD measured between an E-UTRA cell and an NR cell is not supported in Rel-16

Working assumption:
A UE can be configured to report multiple Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL PRS resource/resource set. The DL PRS resource/resource sets can be in different positioning frequency layers
· FFS: Reporting of SRS for positioning resource/resource set ID corresponding to a UE Rx-Tx time difference measurement
· Note: This agreement does not introduce any new behavior for the transmission of SRS for positioning.

Conclusion:
UE may select a subset of the DL PRS Resource/Resource sets configured by the network to perform and report requested measurements.

Agreement:
Support the same set of resolutions for the quality metrics of all UE/gNB timing measurements (DL PRS RSTD, UE Rx-Tx time difference, UL RTOA, and gNB Rx-Tx time difference)

Agreement:
The quality metrics for all UE/gNB timing measurements include at least the following fields
· Value: specifies the best estimate of the uncertainty of the measurement
· Resolution: specifies the resolution levels used in the Value field
· FFS: non-linear steps
· FFS: scaling factor
· FFS: NumSamples: specifies how many measurements used by UE/gNB to determine the MeasQuality
· FFS: whether the number of samples is controlled and configured by network

Agreement:
UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to X5 total number of DL PRS resources within
· Up to X1 positioning frequency layers
· FFS: X1
· Up to X2 TRPs per positioning frequency layer
· FFS: X2
· Up to X3 DL PRS resource sets per TRP
· FFS: X3
· Up to X4 DL PRS resources per PRS resource set
· FFS: X4
· FFS: X5

Agreement:
· UE can be configured to transmit up to Y1 SRS resources for positioning per SRS resource Set
· UE can be configured to transmit up to Y2 SRS resources for positioning across all SRS resource Sets
· UE can be configured to transmit up to total Y3 SRS Resource Sets for positioning
· FFS: Y1, Y2, Y3
· FFS: whether Y1 and/or Y2 and/or Y3 are per BWP or all BWPs 

Agreement:
· A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined.
· This limit can be signalled as a UE capability.
· FFS: the relationship of maximum numbers of DL PRS resources with the following factors
· the type of the measurement window, e.g., sliding window
· the maximum number of DL PRS OFDM symbols
· the maximum measurment bandwidths

Agreement:
UE can be configured to measure and report up to [M] DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability
· All the RSTD measurements in a single report should have a single reference timing
· Note: Each RSTD measurement is between DL PRS Resources corresponding to different TRP IDs.
· M=[3]

Agreement:
· UE can be configured to measure and report up to N (> 1) DL PRS RSRP measurements on different DL PRS resources from the same TRP
· N=[3]

Agreement:
· A UE measurement can be associated with a time stamp. 
· For DL RSTD and RSRP measurements, the time stamp can include at least the SFN 
· FFS: SFN corresponds to the reference DL PRS resource or DL PRS resource sets (can be determined by the UE)
· For Rx-Tx measurements, the time stamp can include the SFN, as well as the slot number for a subcarrier spacing 
· FFS: these values correspond to the reference DL PRS resource or DL PRS resource set (can be determined by the UE)

Agreement:
A DL PRS resource can be associated with one or more of the following in either GCS or LCS
· azimuth angle
· elevation angle
· Note: The details of the message (e.g., resolution, range,  etc.) can be defined in RAN3.


[bookmark: _Hlk942572][bookmark: _Hlk942583][bookmark: _Hlk21016620] 
2. Multiple UE Rx-Tx measurements on single report
The following working assumption was achieved in the previous meeting:
	Working assumption:
A UE can be configured to report multiple Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL PRS resource/resource set. The DL PRS resource/resource sets can be in different positioning frequency layers
· FFS: Reporting of SRS for positioning resource/resource set ID corresponding to a UE Rx-Tx time difference measurement
· Note: This agreement does not introduce any new behavior for the transmission of SRS for positioning



[bookmark: _Ref23932374]We propose to confirm the WA and also support that the UE may report which SRS resource/set is used for each Rx-Tx measurement:

[bookmark: _Hlk24115700]Proposal 1: Confirm the working assumption of multiple UE Rx-Tx measurements on a single report from a single SRS to one or multiple PRS resource/resource sets of the same TRP. 
· The UE may optionally include an SRS resource/resource set ID corresponding to a UE Rx-Tx time difference measurement.
3. [bookmark: _Hlk23968931]Multiple RSTD measurements on single report for the same pair of TRPs
The following agreement was achieved in the previous meeting regarding multiple RSTD measurements for the same par of TRPs:
	Agreement:
UE can be configured to measure and report up to [M] DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability
· All the RSTD measurements in a single report should have a single reference timing
· Note: Each RSTD measurement is between DL PRS Resources corresponding to different TRP IDs.
· M=[3]


[bookmark: _Ref23932392]
[bookmark: _Hlk24115708]Proposal 2: The UE can be configured to report up to M={1,2} RSTDs on different DL PRS resources of the same pair of TRPs. 
· Note: All the RSTD measurements in a single report should have a single reference timing
· M is a per band UE capability 
4. [bookmark: _Hlk23968953]Multiple RSRP Reports per TRP
The following agreement was achieved in the previous meeting regarding multiple RSRP reports per TRP:
	
Agreement:
· UE can be configured to measure and report up to N (> 1) DL PRS RSRP measurements on different DL PRS resources from the same TRP
· N=[3]



Such a report would be very useful for AoD-only and any Timing+AoD positioning method. We believe that it should be a UE capability on how many RSRP measurements can the UE report for each TRP, where a maximum of 64 should be possible, especially for FR2. Therefore, we make the following proposal:
[bookmark: _Ref23932396][bookmark: _Hlk24115713]Proposal 3: The UE can be configured to report up to N={1,2,4,8,16,32,64} PRS RSRP on different DL PRS resources of the same TRP.
· N is a UE capability with FR1/FR2 differentiation 
5. Positioning Processing & Buffering Unit
The following agreement was made in the previous meeting related to processing and buffering requirements for NR PRS:
	Agreement:
· A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined.
· This limit can be signalled as a UE capability.
· FFS: the relationship of maximum numbers of DL PRS resources with the following factors
· the type of the measurement window, e.g., sliding window
· the maximum number of DL PRS OFDM symbols
· the maximum measurment bandwidths



In NR positioning, a TRP may be configured with multiple PRS resource sets, each PRS resource set may contain multiple PRS resources, each PRS resource may span up to 32 repetitions (i.e., across 32 slots) with a PRS pattern that is 2, or 4 or 6 symbols long within each slot. One can imagine the following extreme cases with respect to processing and buffering requirements for a UE supporting NR positioning:
· Scenario of high processing load: All PRS resources across all TRPs are configured within the same few symbols and with very low periodicity. As an extreme example, in FR2, each TRP may have 64 PRS resources all of which can be transmitted on the same slot using the full 272 PRBs with a repetition of 4 and a periodicity of 4.  A UE can be configured with e.g. 32 TRPs.  This would require a total of 2048 PRS resources being received within each slot, which would require very high MIPS for processing.
· Scenario of high buffering load and large network overhead: The PRS resources across TRPs are staggered in time across a long duration. For example, consider the case in FR2 of 64 PRS resources, each one spanning 32 slots, such that, one PRS resource starts after the end of the last repetition of the previous PRS resource. This would require 64*32 = 2048 slots which corresponds to 256 msec. Note that the UE may need to keep in memory the CERs of each of the PRS resource (or even time-domain samples), in order to process them jointly and identify the most appropriate set of PRS resources for positioning purposes. 
The above discussion motivates the need of introducing two separate UE capabilities which provide some bounds on the capabilities of the UE with regards to buffering and processing. Specifically, we make the following 2 proposals:
[bookmark: _Hlk24115737]Proposal 4: With respect to the processing & buffering capabilities, 
· Define as 1 Positioning Buffering Unit (1 PBU) the buffering requirement every T1 msec of PRS pilots measured within the time-frequency resource of two OFDM symbols over 272 PRBs.
· Define as 1 Positioning Processing Unit (1 PPU) the processing requirement every T2 msec of X6 PRS resources across all TRPS and frequency layers which the UE is expected to measure. 
· UE reports the number of PBUs and PPUs as part of UE capability signaling.
· UE reports T1 and T2 as part of UE capability signaling.

To understand why such definitions would be helpful to provide a structure in this discussion and an efficient operation the following are noted:
· The UE is required to buffer time-domain samples of the OFDM symbols carrying PRS resources. The shortest PRS resource spans 2 OFDM symbols, and this motivates to use this 2-symbol duration as a buffering unit. 
· A PRS resource with a comb2/2-symbol pattern with a repetition of 1, would not have the same buffering requirements as a PRS resource with a comb6/6-symbol pattern with a repetition of 32. Therefore, it is not a fair, nor a useful metric for the UE to only report how many PRS resources it can process within a period of time. Such a UE capability would be useful if indeed all PRS resources had approximately the same buffering and/or processing requirements. 
· Depending on the implementation, a PRS resource that spans X symbols over B PRBs, requires similar buffering as a PRS resource spanning X/k symbols over B*k PRBs, or vice versa, as a PRS resource spanning X*k symbols over B/k PRBs. This observation motivates to create a unit that corresponds to the maximum BW, and if it happens the LMF schedules shorter BW, it would also be able to schedule more PRS symbols without violating the UE buffering limits. Furthermore, such a property motivates a unit that is the product of time/frequency resources being occupied by PRS resources.  
· With respect to the processing unit, after the UE has buffered all the required symbols carrying PRS resources, the UE would be required to perform descrambling, correlation, and keep the CERs in memory of the X6 PRS resources within the T2 msec, and perform peak detection(s), RSRP measurement, quality metric determination, etc. In other words, independent of how much is the buffering limit of the UE, it also has a limit on how many PRS resources it can process within a predetermined period of time. If too many PRS resources are being received too quickly, the UE would have to drop the processing of some of them, and the LMF would not have knowledge of such event happening unless the UE has reported back an appropriate UE capability. 
Lets now consider an example of a typical operation of NR Positioning:
·  PRS resources per TRP within 1 frequency layer, each one spanning a comb-N/N-symbol with repetition over Y slots with  bandwidth, every T msec, with M TRPs configured.
· All the M TRPs are configured on the same OFDM symbols/slots and bandwidth. This enables to use the muting bitstrings to control the muting (either with Option 1 or 2) as required and ensure orthogonality of the PRS resources with respect to other PHY channels. 
· Each PRS resource from each TRP spans N*Y symbols. We assume that the PRS resource are TDMed, but the TRPs are all transmitted on the same time/frequency resources (either by using different comb offset, or just transmitted non-orthogonally). 
· The processing and buffering requirements every T msec are:
 
	Example of a scenario 
	Example scenario (all M=32 TRPs time/frequency aligned)
	Buffering Units (PBUs)
	Overhead in % of # symbols (X*N*Y) in 160 msec
	Processing Units (PPUs) in 160 msec

	FR1, 2 GHz, 15 kHz SCS, single beam
	X = 1, N = 6, Y = 16, B = 272
	48
	96 symbols
(4.3%)
	32

	FR1, 4 GHz, 30 kHz SCS, 8 beams
	X = 8, N = 6, Y = 4, B = 136
	48
	192 symbols
(4.3%)
	256

	FR2, 30 GHz, 120 kHz, 16 beams
	X = 16, N = 6, Y = 4, B = 272
	192
	384 symbols
(2.1%)
	512

	FR2, 30 GHz, 120 kHz, 32 beams
	X = 32, N = 4, Y = 4, B = 272
	256
	512 symbols
(2.9%)
	1024

	FR2, 30 GHz, 120 kHz, 64 beams
	X = 64, N = 2, Y = 4, B = 272
	256
	512 symbols
(2.9%)
	2048



6. DL PRS maximum configurations
The following agreement was achieved previous meeting regarding the maximum configurations for the DL PRS for positioning: 
	Agreement:
UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to X5 total number of DL PRS resources within
· Up to X1 positioning frequency layers
· FFS: X1
· Up to X2 TRPs per positioning frequency layer
· FFS: X2
· Up to X3 DL PRS resource sets per TRP
· FFS: X3
· Up to X4 DL PRS resources per PRS resource set
· FFS: X4
· FFS: X5




[bookmark: _Hlk24115745]Proposal 5: With regards to the above FFS variables, we make the following proposals:

	
	Description
	Values

	X1
	Max number of frequency layers

	X1 = {1,2,3}

	X2
	TRPs per frequency layer
	X2 = {16,32,64}


	X3
	PRS resource sets per TRP
	X3 = {1,2,3,4}

	X4
	Resources per PRS resource set

	X4 = {1,2,4,8,12,16,32,64}


	X5
	Max number of PRS resources across all TRPs and frequency layers
	X5 = {16,32,64,128,192,256,512,1024,2048} 



 
7. SRS for positioning maximum configurations
The following agreement was achieved previous meeting regarding the maximum configurations for the SRS for positioning: 
	Agreement:
· UE can be configured to transmit up to Y1 SRS resources for positioning per SRS resource Set
· UE can be configured to transmit up to Y2 SRS resources for positioning across all SRS resource Sets
· UE can be configured to transmit up to total Y3 SRS Resource Sets for positioning
· FFS: Y1, Y2, Y3
FFS: whether Y1 and/or Y2 and/or Y3 are per BWP or all BWPs



In legacy NR Rel-15, the SRS capabilities were defined with “per BWP” as it is shown below. 
	SRS resources
	1. Maximum number of aperiodic SRS resources (configured to UE) per BWP 
2. Maximum number of aperiodic SRS resources (configured to UE) per BWP per slot
3. Maximum number of periodic SRS resources (configured to UE) per BWP
4. Maximum number of periodic SRS resources (configured to UE) per BWP per slot
5. Maximum number of semi-persistent SRS resources (configured to UE) per BWP
6. Maximum number of semi-persistent SRS resources (configured to UE) per BWP per slot
7. Maximum number of SRS port per resource 
	Type 3
	Mandatory with capability signaling 
Component-1: candidate value: {from 1, 2, 4, 8, 16} 
Component-2 candidate value: {1,2,3,4,5,6}
Component-3: candidate value: {from 1, 2, 4, 8, 16}
Component-4 candidate value: {1,2,3,4,5, 6}
Component-5: candidate value: {from 1, 2, 4, 8, 16}} 
Component-6 candidate value: {1, 2,3,4,5, 6}
Component-7 candidate values: {1, 2, 4}
Support SP-SRS is mandatory with capability
	Mandatory with capability signaling 
Component-1: candidate value: {from 1 , 2, 4, 8, 16} 
Component-2 candidate value: {1,2,3,4,5,6}
Component-3: candidate value: {from 1 , 2, 4, 8, 16}
Component-4 candidate value: {1,2,3,4,5, 6}
Component-5: candidate value: {from  1 , 2, 4, 8, 16} } 
Component-6 candidate value: {1, 2,3,4,5, 6}
Component-7 candidate values: {1, 2, 4}
Support SP-SRS is mandatory with capability




In 38.306, this is the corresponding field in NR Rel-15 legacy:

	supportedSRS-Resources
Defines support of SRS resources. The capability signalling comprising indication of:
-	maxNumberAperiodicSRS-PerBWP indicates supported maximum number of aperiodic SRS resources that can be configured for the UE per each BWP
-	maxNumberAperiodicSRS-PerBWP-PerSlot indicates supported maximum number of aperiodic SRS resources per slot in the BWP
-	maxNumberPeriodicSRS-PerBWP indicates supported maximum number of periodic SRS resources per BWP
-	maxNumberPeriodicSRS-PerBWP-PerSlot indicates supported maximum number of periodic SRS resources per slot in the BWP
-	maxNumberSemiPersitentSRS-PerBWP indicate supported maximum number of semi-persistent SRS resources that can be configured for the UE per each BWP
[bookmark: _Hlk23697402]-	maxNumberSP-SRS-PerBWP-PerSlot indicates supported maximum number of semi-persistent SRS resources per slot in the BWP
-	maxNumberSRS-Ports-PerResource indicates supported maximum number of SRS antenna port per each SRS resource
	FS
	Yes
	No
	No



[bookmark: _Ref23932410][bookmark: _Hlk24115750]Proposal 6: For the SRS resources for positioning, 
· Y1=16
· Y2 (number of SRS resources across all SRS resource sets) is a UE capability with values {1,2,4,8,16,32}
· Introduce a separate Y2 capability for aperiodic, semi-persistent, periodic SRS for positioning (same as NR Rel-15 corresponding capabilities)
· Y3 (number of SRS resources sets) is a UE capability with values {1,2,4,8,16}
· Y1, Y2 and Y3 are defined per BWP
· Define maximum number of Aperiodic, Semi-Persistent, Periodic SRS resources for positioning per BWP per slot similar to NR Rel-15 legacy.
8. Granularity of the Reports: Timing measurements
According to the commercial requirements for positioning, NR positioning should be able to support an accuracy of 3m in the horizontal plane, which effectively yields a TOA accuracy on the order of 10 ns. To ensure that the reporting granularity is not the bottleneck of the NR positioning, the entity performing the timing measurements (either the TRP, or the UE) needs to be able to report them to the location server at a precision level significantly better than 10 ns.
In first releases of LTE, the reporting range for RSTD is defined from -15391Ts to 15391Ts with 1Ts resolution for absolute value of RSTD less or equal to 4096Ts, and 5Ts for absolute value of RSTD greater than 4096Ts (clause 9.1.10.3 of TS 36.133). Higher resolution RSTD is also defined with 0.5Ts  resolution (clause 9.1.10.4 of TS 36.133). It is noted that Ts = 32.5 ns so at best the reporting granularity will be ~16 ns which results in an uncertainty that fails to meet the requirements.
Observation 1:To meet commercial requirements, the reporting granularity of any timing measurement including RSTD must have a step size which is significantly smaller than 10 ns.
Hence, it is proposed to increase the bitwidth of the RSTD report mapping which can also accommodate forward compatibility with future releases. The smaller step size is proposed to be Tc = 0.509 ns and UE report mapping can be configured by higher layers to use a larger step size  where  = 0,1,2,3,4,5. 
[bookmark: _Ref23932419][bookmark: _Hlk21016626]Proposal 7: Timing measurements (RSTD, UE Rx-Tx, gNB Rx-Tx, RTOA) report mapping table to be specified with Tc = 0.509 ns as the smallest step size. UE report mapping can be configured by higher layers to use a larger step size  where  = 0,1,2,3,4,5.
9. Granularity of the Reports: Angle measurements
With regards to angle measurements, in LTE, in LPPa (3GPP 36.455) there is support for single-cell RTT and AoA with details in 36.133, where only azimuth angle is introduced with a range in [0,360] with units of degrees and a 0.5 degree of step as follows:
[image: ]
For NR Rel-16, based on the 3m requirement for indoor UEs and 10m requirement for outdoor UEs, one could do the following first-order analysis for a single-BS AoA+Timing as shown in the table. It should be noted that timing Information Quantization may additionally contribute in the error of positioning, but on the other hand, having multiple angles, and timing information would make the performance better.
[bookmark: _Ref23932423][bookmark: _Hlk15574054][bookmark: _Hlk16588376][bookmark: _Hlk24115760]Proposal 8: Azimuth Angle measurements are reported with a range [0,360] with one of the following options:
· Option 1: using 10 bits and a step of 0.5 degrees
· Option 2: using 11 bits and a step of 0.25 degrees
Elevation Angle measurements are reported with a range [0,180] with one of the following options:
· Option 1: using 9 bits and a step of 0.5 degrees
· Option 2: using 10 bits and a step of 0.25 degrees
10. Measured Quality Report for UE or TRP measurements
The following agreement was made previous meeting with regards to the quality report of the measurements: 
	Agreement:
The quality metrics for all UE/gNB timing measurements include at least the following fields
· Value: specifies the best estimate of the uncertainty of the measurement
· Resolution: specifies the resolution levels used in the Value field
· FFS: non-linear steps
· FFS: scaling factor
· FFS: NumSamples: specifies how many measurements used by UE/gNB to determine the MeasQuality
· FFS: whether the number of samples is controlled and configured by network



Starting from LTE’s status as a background, the OTDOA measurement report in LPP includes also a quality of the RSTD measurements, which provides the target device's best estimate of the uncertainty of the OTDOA (or TOA) measurement (IE OTDOA‑MeasQuality in LPP). 
OTDOA-MeasQuality ::=SEQUENCE {
	error-Resolution		BIT STRING (SIZE (2)),
	error-Value				BIT STRING (SIZE (5)),
	error-NumSamples		BIT STRING (SIZE (3))				OPTIONAL,
	...
}
-- ASN1STOP
	OTDOA-MeasQuality field descriptions

	error-Resolution
This field specifies the resolution R used in error-Value field. The encoding on two bits is as follows:
	′00′			5 meters
	′01′			10 meters
	′10′			20 meters
	′11′			30 meters.

	error-Value
This field specifies the target device′s best estimate of the uncertainty of the OTDOA (or TOA) measurement.
The encoding on five bits is as follows:
	′00000′	0		to	(R*1-1) meters
	′00001′	R*1	to	(R*2-1) meters
	′00010′	R*2	to	(R*3-1) meters
	…
	′11111′	R*31	meters or more;
where R is the resolution defined by error-Resolution field.
E.g., R=20 m corresponds to 0-19 m, 20-39 m,…,620+ m. 

	error-NumSamples
If the error-Value field provides the sample uncertainty of the OTDOA (or TOA) measurement, this field specifies how many measurements have been used by the target device to determine this (i.e., sample size). Following 3 bit encoding is used:
	′000′		Not the baseline metric
	′001′		5-9
	′010′		10-14
	′011′		15-24
	′100′		25-34
	′101′		35-44
	′110′		45-54
	′111′		55 or more.
In case of the value ′000′, the error-Value field contains the target device′s best estimate of the uncertainty of the OTDOA (or TOA) measurement not based on the baseline metric. E.g., other measurements such as signal-to-noise-ratio or signal strength can be utilized to estimate the error-Value.
If this field is absent, the value of this field is ′000′.


[bookmark: _Ref1129423][bookmark: _Ref534978915][bookmark: _Ref534377004][bookmark: _Hlk4490312]
The IE OTDOA‑MeasQuality provides estimated uncertainty of the reference TOA measurement and the uncertainty of the reported RSTDs in units of metres. 

The LTE’s fields “error-Resolution” and “error-Value” use 7 bits total using an approach which has several repeated values as shown in the table below:
[image: ]

We also note that for NR, where there is a variety of use-cases that need to be supported, there will be a need for having lower values than those that exist in NR (e.g. of the order of cm in future scenarios). Furthermore, the linear increase of the error values does not provide much usefulness, especially at the larger error values, e.g., reporting an error of 629 meters or 659 meters would not make any difference since both of them are very large values. Therefore, we propose that the quality metric for all timing measurements to a configurable logarithmic function, e.g, like a K-function based solution. 
[bookmark: _Hlk21016637]
[bookmark: _Hlk4766385][bookmark: _Hlk4581957][bookmark: _Ref23932428][bookmark: _Hlk16588385]Proposal 9:	Report as part of the measurement report, a logarithm scale of the measurement error of the timing and angle measurements with the following three parameters:
· Minimum error (MIN_VAL), with MIN_VAL= 0.1
· Maximum error (MAX_VAL) , with MAX_VAL = 1000
· Number of bits (NUM_BITS), with NUM_BITS = [6] bits
An example of such a function is the K-factor function Y = C*(1+x)^K, which can be configured as follows:
· Kmax = 2^NUM_BITS - 1
· C = MIN_VAL
· x = 10.^((log10( MAX_VAL ) - log10( MIN_VAL ))/Kmax) – 1

[image: image001]
11. Time-stamp of the Reports 
When it comes to the measurements, there is a need the entity performing the measurement to time-stamp the measurement to report when it can be considered valid. For example, in LTE LPP and UL E-CID, the time-stamp used is SFN number as it is observed below:

	Agreement:
· A UE measurement can be associated with a time stamp. 
· For DL RSTD and RSRP measurements, the time stamp can include at least the SFN 
· FFS: SFN corresponds to the reference DL PRS resource or DL PRS resource sets (can be determined by the UE)
· For Rx-Tx measurements, the time stamp can include the SFN, as well as the slot number for a subcarrier spacing 
· FFS: these values correspond to the reference DL PRS resource or DL PRS resource set (can be determined by the UE)



[bookmark: _Ref23932436][bookmark: _Hlk24115772]Proposal 10: For any time measurement (gNB Rx-Tx, UE Rx-Tx, RSTD, RTOA) introduce the option to include a slot number for a subcarrier spacing.
· In a UE report or gNB report, the reference subcarrier spacing is chosen by the UE or the gNB respectively 
12. UE and gNB configuration for multi-cell RTT
Ideally, all measurements that go into generating a position fix should be made concurrently.  If measurements from different points in time are used for generating a position fix, UE motion as well as changes to UE clock and gNB clocks would result in measurement errors that ultimately could produce position errors.  E.g. travel at highway speed of 30 m/s could result in a 1 s * 30 m/s = 30 m measurement error if two measurements were made 1 second apart.  Similarly, a 10 part-per-billion UE clock drift could produce a 1 s * 10 ns/s = 10 ns ~ 3m measurement error for two measurements taken 1 second apart.
With the stricter 3m - 10m accuracy targets for commercial use cases in NR it is vital that we minimize error sources that are within our control (unlike e.g. multipath).
Observation 2	UE motion, UE clock drift and gNB clock drift can all result in significant errors for measurements that are spaced apart in time but are all used to generate the same position fix.
When it comes to multi-cell RTT, it will be important to conduct and associate as close in time as possible the RxTx offset measurements produced by the UE with RxTx offset measurements produced by the corresponding gNBs.  Figure 1 shows an example of an RTT pair where the DL-PRS transmission of TRP1 and SRS transmission of UE 1 are scheduled close in time for Instance 5.


[bookmark: _Ref23863106]Figure 1	Example of DL-PRS and SRS transmissions
Continuing the example in Figure 1, DL-PRS transmission is scheduled in various instances according to DL-PRS-ResourceSetSlotOffset and DL-PRS-Periodicity.  Similarly, SRS can be scheduled in instances according to SRS-slot-offset and SRS-Periodicity.  However, keeping with the on-demand nature of NR, there may be a start instance that specifies the first time during a session that SRS will be transmitted by a given UE.  Start of SRS transmission for positioning may for example be given by an SRS activation command for the semoi-presistent use case (described in 3GPP 38.214 Ch. 6.2.1).  Likewise, a session may be limited in time by a QoS or by the transmission of an SRS deactivation command.  We’ve chosen to number the SRS instances according to the closest DL-PRS instance for simplicity.  Note that a corresponding SRS instance can appear before or after the DL-PRS instance in an RTT pair.  In Figure 1 we’ve called this the DL-to-UL offset.  Furthermore, different UEs may utilize different sets of SRS instances.  The large-scale (inter-instance) and small-scale (intra-instance) time-division-multiplexing provides opportunities to support more UEs while minimizing signal congestion/interference on the radio link and reducing peak processing load requirements on the gNBs.
[bookmark: _Ref23932440][bookmark: _Hlk24061728]Proposal 11	The UE expects the SRS-Slot-offset and SRS-Periodicity parameters to be configured in an SRS resource for positioning such that any SRS transmission is within [-X, X] msec of at least one DL PRS resource from each of the TRPs. 
· X = 25 msec
· Note: Such a RS configuration may enable sufficiently close measurements in time in both the UE and TRPs
13. Differential RSRP report
In NR Rel-15, for L1-RSRP reporting, if the higher layer parameter groupBasedBeamReporting is configured as 'enabled', 
· the UE shall use differential L1-RSRP based reporting, where the largest measured value of L1-RSRP is quantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP is quantized to a 4-bit value. 
· The differential L1-RSRP value is computed with 2 dB step size with a reference to the largest measured L1-RSRP value which is part of the same L1-RSRP reporting instance. 

Such a differential RSRP report would be helpful for the purpose of positioning, especially because the UE may be configured to report multiple RSRP values within one TRP, and for multiple TRPs. 

[bookmark: _Ref23932447][bookmark: _Hlk24061732]Proposal 12: NR supports differential RSRP measurement report, in which the differential RSRPs measurements are derived with respect to one reference RSRP which is part of the same RSRP reporting instance. 
· Note: the differential RSRP measurements can be with respect a reference RSRP from the same or different TRP. 
14. Reports for Angle measurements
The following agreement was made regarding the assistance data provided to the LMF for a DL PRS and the associated angle information: 
	Agreement:
A DL PRS resource can be associated with one or more of the following in either GCS or LCS
· azimuth angle
· elevation angle
Note: The details of the message (e.g., resolution, range,  etc.) can be defined in RAN3.



It is well known that a beam, even if it is narrow, it always has a beamwidth which in many cases, may be an important parameter that can be used for the purpose of positioning. 

[image: C:\Users\amanolak\AppData\Local\Temp\msohtmlclip1\01\clip_image001.png]
Illustration of DL-PRS Resource Set and Spatial Direction of DL-PRS Resources.
Such a beamwidth information can be reported out for each DL PRS resource, together with the center elevation and azimuth angles:

[bookmark: _Ref23932450][bookmark: _Hlk24061738]Proposal 13: A DL PRS resource can be associated with
· dl-PRS-HPBW-Az
· The half-power beamwidth (HPBW) in the horizontal plane of the beam in which the DL-PRS Resource is transmitted. 
· HPBW is the angle subtended by the half-power points of the mainlobe in the horizontal plane. 
· Scale factor 0.5 degrees; range 0 to 120 degrees.
· dl-PRS-HPBW-El
· The half-power beamwidth (HPBW) in the vertical plane of the beam in which the DL-PRS Resource is transmitted. 
· HPBW is the angle subtended by the half-power points of the mainlobe in the vertical plane. 
· Scale factor 0.5 degrees; range 0 to 120 degrees.
15. Conclusion 
In this contribution, we make the following proposals:
Proposal 1: Confirm the working assumption of multiple UE Rx-Tx measurements on a single report from a single SRS to one or multiple PRS resource/resource sets of the same TRP. 
· The UE may optionally include an SRS resource/resource set ID corresponding to a UE Rx-Tx time difference measurement.
Proposal 2: The UE can be configured to report up to M={1,2} RSTDs on different DL PRS resources of the same pair of TRPs. 
· Note: All the RSTD measurements in a single report should have a single reference timing
· M is a per band UE capability 

Proposal 3: The UE can be configured to report up to N={1,2,4,8,16,32,64} PRS RSRP on different DL PRS resources of the same TRP.
· N is a UE capability with FR1/FR2 differentiation 

Proposal 4: With respect to the processing & buffering capabilities, 
· Define as 1 Positioning Buffering Unit (1 PBU) the buffering requirement every T1 msec of PRS pilots measured within the time-frequency resource of two OFDM symbols over 272 PRBs.
· Define as 1 Positioning Processing Unit (1 PPU) the processing requirement every T2 msec of X6 PRS resources across all TRPS and frequency layers which the UE is expected to measure. 
· UE reports the number of PBUs and PPUs as part of UE capability signaling.
· UE reports T1 and T2 as part of UE capability signaling.

Proposal 5: With regards to the above FFS variables, we make the following proposals:

	
	Description
	Values

	X1
	Max number of frequency layers

	X1 = {1,2,3}

	X2
	TRPs per frequency layer
	X2 = {16,32,64}


	X3
	PRS resource sets per TRP
	X3 = {1,2,3,4}

	X4
	Resources per PRS resource set

	X4 = {1,2,4,8,12,16,32,64}


	X5
	Max number of PRS resources across all TRPs and frequency layers
	X5 = {16,32,64,128,192,256,512,1024,2048} 



 
Proposal 6: For the SRS resources for positioning, 
· Y1=16
· Y2 (number of SRS resources across all SRS resource sets) is a UE capability with values {1,2,4,8,16,32}
· Introduce a separate Y2 capability for aperiodic, semi-persistent, periodic SRS for positioning (same as NR Rel-15 corresponding capabilities)
· Y3 (number of SRS resources sets) is a UE capability with values {1,2,4,8,16}
· Y1, Y2 and Y3 are defined per BWP
· Define maximum number of Aperiodic, Semi-Persistent, Periodic SRS resources for positioning per BWP per slot similar to NR Rel-15 legacy.
[bookmark: _GoBack]Proposal 7: Timing measurements (RSTD, UE Rx-Tx, gNB Rx-Tx, RTOA) report mapping table to be specified with Tc = 0.509 ns as the smallest step size. UE report mapping can be configured by higher layers to use a larger step size  where  = 0,1,2,3,4,5.
Proposal 8: Azimuth Angle measurements are reported with a range [0,360] with one of the following options:
· Option 1: using 10 bits and a step of 0.5 degrees
· Option 2: using 11 bits and a step of 0.25 degrees
Elevation Angle measurements are reported with a range [0,180] with one of the following options:
· Option 1: using 9 bits and a step of 0.5 degrees
· Option 2: using 10 bits and a step of 0.25 degrees

Proposal 9:	Report as part of the measurement report, a logarithm scale of the measurement error of the timing and angle measurements with the following three parameters:
· Minimum error (MIN_VAL), with MIN_VAL= 0.1
· Maximum error (MAX_VAL) , with MAX_VAL = 1000
· Number of bits (NUM_BITS), with NUM_BITS = [6] bits
An example of such a function is the K-factor function Y = C*(1+x)^K, which can be configured as follows:
· Kmax = 2^NUM_BITS - 1
· C = MIN_VAL
· x = 10.^((log10( MAX_VAL ) - log10( MIN_VAL ))/Kmax) – 1

Proposal 10: For any time measurement (gNB Rx-Tx, UE Rx-Tx, RSTD, RTOA) introduce the option to include a slot number for a subcarrier spacing.
· In a UE report or gNB report, the reference subcarrier spacing is chosen by the UE or the gNB respectively 

Proposal 11	The UE expects the SRS-Slot-offset and SRS-Periodicity parameters to be configured in an SRS resource for positioning such that any SRS transmission is within [-X, X] msec of at least one DL PRS resource from each of the TRPs. 
· X = 25 msec
· Note: Such a RS configuration may enable sufficiently close measurements in time in both the UE and TRPs

Proposal 12: NR supports differential RSRP measurement report, in which the differential RSRPs measurements are derived with respect to one reference RSRP which is part of the same RSRP reporting instance. 
· Note: the differential RSRP measurements can be with respect a reference RSRP from the same or different TRP. 

Proposal 13: A DL PRS resource can be associated with
· dl-PRS-HPBW-Az
· The half-power beamwidth (HPBW) in the horizontal plane of the beam in which the DL-PRS Resource is transmitted. 
· HPBW is the angle subtended by the half-power points of the mainlobe in the horizontal plane. 
· Scale factor 0.5 degrees; range 0 to 120 degrees.
· dl-PRS-HPBW-El
· The half-power beamwidth (HPBW) in the vertical plane of the beam in which the DL-PRS Resource is transmitted. 
· HPBW is the angle subtended by the half-power points of the mainlobe in the vertical plane. 
· Scale factor 0.5 degrees; range 0 to 120 degrees.
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10.2  Angle of Arrival (AOA)
10.2.1  Range/mapping

The reporting range for AOA measurementis from 0 10 360 degree, with resolution of 0.5 degec.
‘The mapping of the measured quantity is defined in table 10.2.1-1

Table 10.2.4-1: AOA measurement report mapping

Reported vaiue Wieasured quantity value Gnit
AOA ANGLE 00D 0- AOA ANGLE 05 degree.
"AGA_ANGLE 001 052 AOA_ANGLE = 1 degree.
AOA_ANGLE 002 12 AOA_ANGLE <15 degree.
AOA_ANGLE 717 3585 - AOA ANGLE < 358 degree
AGA ANGLE 718 350 - AOA ANGLE <3695 degree.
‘AGA_ANGLE 710 3595 - AOA ANGLE < 360 degree.
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