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Introduction
According to the initial work plan and timeline agreed in RAN4 #92 meeting [1], it is FFS whether there is a need to introduce gNB measurement requirements for NR positioning in RAN4 WG:
	1. 3GPP RAN4 #92bis meeting (October, 2019, 1TU, Core part)
0. Further discussion on necessity of introducing measurement requirement for gNB
0. Further discussion on measurement report mapping for gNB measurements


In this contribution, we provide further considerations on this open issue.
Discussion 
In the WID of NR positioning support [2], the scope of RAN4 WG is as follows,
	RAN4 centric objectives
Define corresponding core requirements for NR positioning [RAN4]
· Discuss which requirements are specified
RAN4 centric objectives
Define corresponding performance requirements and test cases for NR positioning [RAN4]
· Discuss which requirements are specified


The main objective of RAN4 work for the NR positioning WI is to define the corresponding core requirements for NR Positioning measurements. In principle, many factor related to gNB performance characteristics may result in potential degradation of NR Positioning techniques (i.e. cause accuracy degradation). The most relevant factors that may affect NR Positioning performance are:
· Network synchronization error
· Multi-path channel effects
· Quantization error
· Measurement accuracy
Cell phase synchronization 
In particular in NR Positioning Technical Report [3], the effect of cell phase synchronization error on DL-TDOA, UL-TDOA and multi-cell RTT and AoA based techniques was analyzed and captured. 
Some simulation assumption and results to evaluate the impacts from multipath path and network synchronization error are (re)-produced in the tables below:






Table 1: Common scenario parameters applicable for all scenarios
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	2GHz, 4GHz – Note 1
	30 GHz – Note 1

	Bandwidth, MHz
	5MHz,
50MHz for 2GHz
100MHz for 4GHz
	100MHz, 400MHz 

	Subcarrier spacing, kHz
	15kHz for 5MHz and 50MHz
30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Multi-panel Configuration 1 and Panel Configuration a – Note 1
-	Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
-	Panel Configuration a:
-	Each antenna array has shape dH=dV=0.5λ
-	Config a: (M, N, P) = (2, 4, 2),
-	the polarization angles are 0° and 90°
-	The antenna elements of the same polarization of the same panel is virtualized into one TXRU
-	Optional: Provided by company

	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	0ns (perfectly synchronized), 50ns 

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901



Table 2: Summary of RAN1 evaluations captured in the TR on NR Positioning
	For the Indoor open office scenario, channel models and simulation assumptions, the following can be observed for horizontal accuracy as described in section 5 of the TR for regulatory and commercial requirements: 
-	For scenario 1, the evaluations from 12 sources showed that DL-TDOA can meet the regulatory requirements.  
-	For scenario 1, the evaluations from 12 sources showed that DL-TDOA can meet the commercial requirements, when no synchronization error is included in the evaluation. When synchronization error is modeled, the commercial requirements as described in section 5 of the TR are not met.
For the UMi scenario, channel models and simulation assumptions, the following can be observed for horizontal accuracy as described in section 5 of the TR for regulatory and commercial requirements: 
-	For scenario 2 the evaluations from 12 out of 12 sources showed that DL-TDOA can meet the regulatory requirements for FR1 and FR2.  
-	For scenario 2, the evaluations from 12, out of 12 sources showed that DL-TDOA can meet the commercial requirement, when no synchronization error is included in the evaluation for FR1 and FR2.
-	When synchronization error is modeled, the DL-TDOA evaluations from 0 out of 6 sources showed the commercial requirements as described in section 5 of the TR can be met for FR1 and FR2.
For the UMa scenario, channel models and simulation assumptions, the following can be observed for horizontal accuracy as described in section 5 of the TR for regulatory and commercial requirements:
-	For scenario 3, the evaluations from 12 out of 12 sources showed that DL-TDOA can meet the regulatory requirements.  
-	For scenario 3, and for outdoor UEs the evaluations from 7 out of 12 sources showed that DL-TDOA can meet the commercial requirements, when no synchronization error is included in the evaluation. 
-	For scenario 3, and for outdoor UEs, when synchronization error is modeled, the evaluations from 0 out of 6 sources showed that for DL-TDOA the commercial requirements as described in section 5 of the TR can be met.


It is obvious that similar or even worse observations are applicable to UL-TDOA.
Observation 1: For TDOA based NR positioning techniques, the NR Positioning performance is bounded by network synchronization error.
It should be further emphasized, that in RAN1 evaluations, the standard deviation of gNB synchronization error of <50ns was assumed and maximum error with respect to absolute reference was bounded by +/- 100ns. However, existing RAN4 requirements for this requirement is quite loose [4].

	7.4	Cell phase synchronization accuracy
[bookmark: _Toc5952604]7.4.1	Definition
Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.
[bookmark: _Toc5952605]7.4.2	Minimum requirements
The cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3 µs.



The requirement of cell phase synchronization in [4] is 3us. It is understood that 3us is a worst case assumption however it also clear that such a big error will result in inaccurate positioning performance of TDOA based solutions.
It should be noted that support of UE based positioning based on DL only solutions i.e. DL-TDOA was agreed to be supported by 3GPP. It is clear that for accurate DL-TDOA based positioning, the UE should be aware about accuracy of cell phase synchronization or cell-phase synchronization error. Otherwise, performance of UE based positioning will degrade significantly.

Observation 2: The positioning performance of TDOA based solutions is very sensitive to the network synchronization error. Support of accurate UE based positioning requires knowledge of cell phase synchronization error.

There are different options how cell phase synchronization issue may be resolved which were discussed in the last RAN4 meeting [5]. Since the network vendors have strong concerns on tightening cell phase error requirements, alternatively, network may still measure cell phase synchronization error (without compensation which can be more challenging) and signal it towards UEs. 
In other words, in order to minimize impact of cell phase synchronization error on NR positioning performance, it may be seen as straightforward that more stringent network synchronization requirements should be imposed if NR positioning is supported. However, it is also true that network vendors may apply vendor specific solutions to estimate and even compensate cell phase synchronization error (including GNSS, over the air solutions, etc.). Therefore, it is quite challenging to agree on common procedure for this, including requirements and test definition.
Network can indicate the timing offset of measured cell to UE or the location server for more precise position estimation. But this needs new RAN higher layer signaling support. In accordance to the latest RAN1 agreements, the exact time difference among TRPs shall be indicated to UE.
	Agreement:
An expected RSTD value together with uncertainty (search window) is provided to the UE for the TRPs in the assistance data (analogous to LTE).
· expectedRSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs the target device is expected to measure.
· Note: It is assumed that precise TRP transmission time differences are provided to the UE for UE-based positioning (which is in the scope of RAN2).
Note: RAN2 can optimize the signalling to cover both UE-based and UE-assisted positioning in a single framework.


That is to our view, it is also feasible to address the problem of imperfect cell phase synchronization by:
1) Define / tighten network synchronization requirements
2) Signal error in transmission time difference (cell phase synchronization) in ns-offset level
3) Signal accuracy of actual cell phase synchronization error (e.g. error std/mean)

Proposal 1: Further discuss the feasibility of two alternatives to resolve the impacts due to the imperfect cell phase synchronization on the positioning performance (e.g. OTDOA).
· Alt.1: Introduce new requirements of cell-phase synchronization error for networks or
· Alt2: Rely on additional signaling of either transmission time difference error (i.e. offset in transmission time among cells) or transmission time synchronization accuracy

gNB measurement requirements 
In the last RAN1 meeting [5], the possible measurements for gNB were also identified in the table below. 
	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning, Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT



In general, each measurement definition is subject to analysis of its accuracy and therefore gNB measurement accuracy requirements for gNB related measurements should be considered by RAN4 WG including:
-	UL RTOA measurements
-	UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
-	UL RSRP (reference signal received power) measurements
-	gNB RX-TX time difference measurements
For many of these measurements, simplified procedures can be considered. For instance, instead of the introducing requirements and test definition for UL RTOA and gNB Rx-Tx time difference, RAN4 may decide to introduce requirements only for gNB RX-TX time difference measurements assuming that test equipment ideally compensates propagation delay.
Observation 3: in NR positioning, multiple positioning techniques are supported and multiple measurements are needed at gNB side, e.g.
· gNB Rx-Tx time difference
· UL RTOA
· UL SRS-RSRP
· AoA and ZoA

Proposal 2: Define requirements for NR positioning gNB measurements. 
· Prioritize gNB Rx-Tx time difference measurements 
· RAN4 to discuss possibility of simplified procedures to test these measurements.

gNB measurement report mapping 
RAN4 also needs to define the details of gNB measurements reporting granularity and range. Below, we share views on the respective questions.
UL SRS (PRS) RTOA
In FR1 and FR2, the maximum system BW is 100 MHz and 400MHz respectively. For accurate positioning, the error due to reporting granularity should be much less than resolution due to signal BW, i.e. 10ns in FR1 and 2.5ns in FR2. The reporting granularity which is 10 times less than bandwidth resolution (i.e. 1ns and 0.25ns respectively) is a reasonable assumption for NR positioning to avoid degradation due to granularity error. In NR specification, unless otherwise noted, the size of various fields in the time domain is expressed in time units , where  and  = 4096, i.e. .
The bandwidth is expected to be configurable up to max channel bandwidth. Therefore, the minimum reporting granularity should be a fraction of /2 and it should be scaled inversely proportionally to the bandwidth:
/2
where  - is the channel BW in MHz closest to the bandwidth of configured UL SRS/PRS transmission selected from the set [5, 10, 20, 25, 40, 50, 80, 100, 200, 400] MHz.
Proposal 3: UL RTOA reporting granularity is determined by equation  where   is the CBW in MHz selected from the set [5, 10, 20, 25, 40, 50, 80, 100, 200, 400] MHz and closest to the configured bandwidth of UL SRS/PRS transmission

gNB Rx-Tx Time Difference
The gNB Rx-Tx time difference reporting granularity and range can be derived from the same considerations as for RTOA. In addition, similar to UE Rx-Tx time difference, the neighbor cell gNB Rx-Tx time difference can be derived from the serving cell gNB Rx-Tx time difference and neighbor cell RSTD measurements and DL transmission time difference across TRPs/gNBs relative to serving cell.

UL SRS (PRS) AoA
Granularity of angle measurements for azimuth and elevation can be derived from the accuracy of UE positioning requirements. For outdoor scenarios 10m error was considered for outdoor UEs. Considering ISD of 500m and the distance error , the corresponding angle error can be estimated as follows 

In order to avoid noticeable degradation due to reporting granularity the quantization error should be ~10 time less which corresponds to . Therefore, in order to cover  with this granularity ), i.e. 11 bits are needed for resolution of azimuth angle of arrival and 10 bits for resolution of zenith angle of arrival to cover  degrees.
Proposal 4: The following granularity is used for AoA reporting . Azimuth and Zenith AoAs are reported using 11 and 10 bits respectively

UL SRS (PRS)-RSRP
The 1dB resolution is expected to be sufficient for UL SRS (PRS)-RSRP reporting.
Proposal 5: UL SRS (PRS) RSRP reporting granularity is set to 1dB. Range of values and mapping for UL SRS (PRS) RSRP reporting is TBD.

Conclusion
In this contribution, we have provided a generic discussion on gNB requirements for NR positioning based on up-to-date RAN1 conclusions. In summary, we have justified a need to either introduce more tighten requirements on cell phase synchronization error or design signaling that will provide information on cell phase synchronization error to UEs and location server. In addition, we argued that requirement for gNB measurements are desirable and simplified procedures can be considered.
Observation 1: For TDOA based NR positioning techniques, the NR Positioning performance is bounded by network synchronization error.
Observation 2: The positioning performance of TDOA based solutions is very sensitive to the network synchronization error. Support of accurate UE based positioning requires knowledge of cell phase synchronization error.
Proposal 1: Further discuss the feasibility of two alternatives to resolve the impacts due to the imperfect cell phase synchronization on the positioning performance (e.g. OTDOA).
· Alt.1: Introduce new requirements of cell-phase synchronization error for networks or
· Alt2: Rely on additional signaling of either transmission time difference error (i.e. offset in transmission time among cells) or transmission time synchronization accuracy
Observation 3: in NR positioning, multiple positioning techniques are supported and multiple measurements are needed at gNB side, e.g.
· gNB Rx-Tx time difference
· UL RTOA
· UL SRS-RSRP
· AoA and ZoA

Proposal 2: Define requirements for NR positioning gNB measurements. 
· Prioritize gNB Rx-Tx time difference measurements 
RAN4 to discuss possibility of simplified procedures to test these measurements.
Proposal 3: UL RTOA reporting granularity is determined by equation  where   is the CBW in MHz selected from the set [5, 10, 20, 25, 40, 50, 80, 100, 200, 400] MHz and closest to the configured bandwidth of UL SRS/PRS transmission.
Proposal 4: The following granularity is used for AoA reporting . Azimuth and Zenith AoAs are reported using 11 and 10 bits respectively.
Proposal 5: UL SRS (PRS) RSRP reporting granularity is set to 1dB. Range of values and mapping for UL SRS (PRS) RSRP reporting is TBD.
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