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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we propose to fix the following issues on physical layer measurement for NR positioning.
· RSTD definition
· Intra-TRP differential reporting
· Confidence level of uncertainty
· UL RTOA reference time
· RSTD quality

Discussion
Correction on DL RSTD
RSTD should be the abbreviation of reference signal time difference as adopted in LTE specification [1], instead of relative signal time difference as defined as follows in the current specification. 
	[bookmark: _Toc516517688]5.1.12	Reference signal time difference (RSTD)

	Definition
	The relative timing difference between the neighbour cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
RRC_IDLE intra-frequency only applicable for NB-IoT UEs
RRC_IDLE inter-frequency only applicable for NB-IoT UEs





Reference signal time difference is also stated in the WID [2] as follows:
	· Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning



Proposal 1: Adopt the following TP for TS 38.215
============================ Unchanged part omitted ==========================
5.1.29	DL relative reference signal time difference (DL RSTD)

	Definition
	DL reference signal time difference (DL RSTD) is defined as the DL relative timing difference (DL RSTD) between the positioning node j and the reference positioning node i, is defined as TSubframeRxj – TSubframeRxi,

Where:
TSubframeRxj is the time when the UE receives the start of one subframe from positioning node j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from positioning node i that is closest in time to the subframe received from positioning node j.

Multiple DL PRS resources can be used to determine the start of one subframe from a positioning node.

For frequency range 1, the reference point for the DL RSTD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSTD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency



============================ Unchanged part omitted ==========================

RTOA reference time
In RAN1#98b, we made the following offline consensus [5]. However, this offline consensus seemed to be left out during the online discussion, and the LS had not been sent. As a result, RAN3 is not aware of the role of defining the reference time for UL RTOA measurement.
Offline Consensus
· It is RAN1’s understanding that the TRPs are SFN time synchronized or the SFN offsets are known to the TRPs.
· It is up to RAN3 to define the reference time for UL RTOA measurements,
· Send LS to RAN3
Therefore, we propose to agree on this offline consensus and send the LS to RAN3.
Proposal 2: 
It is RAN1’s understanding that the TRPs are SFN time synchronized or the SFN offsets are known to the TRPs.
It is up to RAN3 to define the reference time for UL RTOA measurements,
Include it in the LS to RAN3

In our understanding, since the RTOA reference time is more of a physical layer concept at gNB side, RAN1 is also responsible to make sure that UL RTOA measurement can be working for UL-TDOA positioning. Considering that there are multiple SRS resource sets supported for NR positioning, each of which may be scattering across multiple subframes, the LTE way of directly configuring RTOA reference time may not work, as measurement based on different SRS resources in different subframes will result in
· Different UL RTOAs
· Very large UL RTOA range
UL RTOA reference time
SRS resource #1
SRS resource #2
Start of subframe containing SRS resource #1
Start of subframe containing SRS resource #2
UL-RTOA#1
UL-RTOA#2

[bookmark: _Ref32399656]Figure 1 Illustration of UL-RTOA measurement based on LTE RTOA reference time
In the example shown in Figure 1, two SRS resources are received in two consecutive subframes. If a single UL RTOA reference time is provided, UL-RTOA#1 will be reported if the measurement is based on SRS resource #1, and UL-RTOA#2 will be reported if the measurement is based on SRS resource #2, while both UL-RTOAs are reflecting the same distance between UE and the target gNB.
Since neighbouring gNB should be aware of the SFN initialization time of the serving gNB or implicitly assume that its SFN initialization time are the same, the UL RTOA reference time can be based on that. One simple way of resolving it is to define a resource specific UL RTOA reference time using T0+tSRS, where
T0 is the SFN initialization time (time of start of subframe#0 of SFN#0)
tSRS is the offset of the start of the subframe that contains the target SRS to the start of subframe#0 of SFN#0
Note that tSRS can be calculated based on SRS configuration. It is illustrated in Figure 2.
UL RTOA reference time for SRS resource #1
SRS resource #1
SRS resource #2
Start of subframe containing SRS resource #1
Start of subframe containing SRS resource #2
UL-RTOA#1
UL-RTOA#2
SFN init. Time (T0)
UL RTOA reference time for SRS resource #1
tSRS for SRS resouroce #1
tSRS for SRS resouroce #2

[bookmark: _Ref32400980]Figure 2 Illustration of proposed UL-RTOA measurement
In summary, we have the following proposal.
Proposal 3: If SFN initialization time is provided in the SRS configuration or implicitly assumed the same for the neighbouring gNB to measure SRS, the RTOA reference time is defined as T0+tSRS, where
T0 is the SFN initialization time (time of start of subframe#0 of SFN#0)
tSRS is the offset of the start of the subframe that contains the target SRS to the start of subframe#0 of SFN#0

Intra-TRP differential reporting
In NR, multiple measurements based on different beam pair links for a single TRP may be reported by UE or gNB, including
· PRS-RSRP
· RSTD
· UE Rx – Tx time difference
For multiple PRS-RSRP measurements, differential beam report was already specified in Rel-15. Since multiple RSRP measurements are associated with DL-AoD in Rel-16, 1dB granularity is preferred over the existing 2dB granularity.
For multiple RSTD measurements and multiple UE Rx – Tx time difference measurements for a TRP, it is expected that the reported values would be close to each other, probably due to the slight propagation delay difference in different transmission directions. Reporting individual RSTDs or UE Rx – Tx time differences is less efficient, which requires much wider dynamic range.
[bookmark: _Ref23869741]Table 1 Illustration of RSTD overhead comparison
	RSTD range
	-0.5ms – +0.5ms

	RSTD quantization step
	4Tc ~ 2ns

	RSTD quantization bits
	 bits

	Multi-beam propagation distance difference
	1500m (From LTE multi-path)

	Multi-beam propagation delay difference
	-5us - +5us

	Differential RSTD quantization step
	4Tc ~ 2ns

	Differential RSTD quantization bits
	 bits


As shown in Table 1, using differential RSTD between multiple beams for a TRP significantly reduces the overhead by one-third per RSTD measurement, where for example, one absolute RSTD requires 19 bits, while a differential RSTD requires only 13 bits.
The same is applicable to UE Rx – Tx time difference. In addition, when both beam-specific RSTD and UE Rx – Tx time difference are requested by the network, since they are measured based on the same PRS resource sets, the differential RSTD and UE Rx – Tx time difference within a TRP would be the same, as shown in Figure 3, reducing further 50% overhead.
Rx of PRS from a neighbouring TRP
Rx timing of the reference
RSTD1
RSTD2
Tx of SRS to a neighbouring TRP
Rx-Tx1
Rx-Tx2
Differential RSTD/Rx-Tx
PRS#1
PRS#2

[bookmark: _Ref23872057]Figure 3 Illustration of differential RSTD and UE Rx – Tx time difference
If we extend the multiple timing measurements based on different beams to those based on the same beam, it is the same as traditional multi-path reporting can be specified in LPP [4].
Meanwhile, the multiple timing measurements reporting can be extended to gNB. One benefit of it is that by comparing the UE Rx – Tx time difference and gNB Rx – Tx time difference, a more reliable path association can be done by the LMF, if the delay between the main path and additional path are the same between UE measurements and gNB measurements.
Proposal 4: 
1. Support differential report for the following measurement types if multiple measurements of the same type are reported for a single TRP/UE
· PRS-RSRP
· DL RSTD 
· UE Rx – Tx time difference
· SRS-RSRP
· UL RTOA
· gNB Rx – Tx time difference
Two measurements of the same type can be associated with the same or different
· PRS resource ID for DL, or
· PRS resource ID or SSB index for UL
Include it in the LS to RAN2 and RAN3.

Confidence level of uncertainty
The current measurement quality is defined by uncertainty range around the reported value, which suggests that the ground truth being within the uncertainty range is probability-1. This may not be possible for either UE nor gNB, because no one can set a reasonable bound to allow for all possibilities. One practical way of quantizing the uncertainty is setting a confidence level, e.g., 95%. It means that based on the best effort of UE or gNB, the probability of actual error exceeding the uncertainty range is less than 0.05. This facilitates the location server to utilize the uncertainty to soft-combine the measurement for a location fix.
Note that in GAD [3] and LPP [4], the confidence of the location being within the uncertainty range is indicated by a 7-bit string.
	[bookmark: _Toc524940653]6.5	Confidence 
The confidence by which the position of a target entity is known to be within the shape description, (expressed as a percentage) is directly mapped from the 7 bit binary number K, except for K=0 which is used to indicate 'no information', and 100 < K ≤128 which should not be used but may be interpreted as "no information" if received.



Proposal 5: For each measurement associated with quality report, UE or NG-RAN should also indicate the confidence by which the measurement is known to be within the uncertainty range, using 7 bits expressed as a percentage.
Include it in the LS to RAN2 and RAN3.

RSTD quality
Since RSTD is the difference between the timings of two TRPs. It is unclear whether the RSTD quality is the quality of the difference, i.e., the uncertainty of RSTD may be the sum of the uncertainty of TOA based on the reference and the uncertainty of TOA based on the target PRS resource /resource set, or is only the quality of the TOA of the target PRS resource/resource set. Some impact may also be seen as to allow the reference TRP to have the RSTD quality report, because normally the RSTD of the reference TRP would be 0.
In our view, if the RSTD quality is defined as the quality of RSTD, the uncertainty of TOA based on the reference will be accumulated across all RSTD measurement qualities. In LTE, there is quality for both reference cell and RSTD neighboring cells. For the reference cell, this quality should be understood as the TOA quality. Therefore, we suggest the both RSTD quality or UE Rx – Tx time difference quality can be renamed to timing measurement quality, which is only determined by the timing measurement of a TRP.
Proposal 6: Clarify the quality measurement of RSTD and UE Rx – Tx time difference is the quality of timing measurement of a TRP, rather than the quality of timing difference measurement.
Note that all TRPs, including reference TRP and neighbouring TRPs should have its own timing measurement quality.

[bookmark: _Ref129681832]Conclusion
In this contribution, we have provided our view on measurement to be specified for NR positioning. Based on the discussion, we have the following proposals:
Proposal 1: Adopt the following TP for TS 38.215
============================ Unchanged part omitted ==========================
5.1.29	DL relative reference signal time difference (DL RSTD)

	Definition
	DL reference signal time difference (DL RSTD) is defined as the DL relative timing difference (DL RSTD) between the positioning node j and the reference positioning node i, is defined as TSubframeRxj – TSubframeRxi,

Where:
TSubframeRxj is the time when the UE receives the start of one subframe from positioning node j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from positioning node i that is closest in time to the subframe received from positioning node j.

Multiple DL PRS resources can be used to determine the start of one subframe from a positioning node.

For frequency range 1, the reference point for the DL RSTD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSTD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency


============================ Unchanged part omitted ==========================
Proposal 2: 
It is RAN1’s understanding that the TRPs are SFN time synchronized or the SFN offsets are known to the TRPs.
It is up to RAN3 to define the reference time for UL RTOA measurements,
Include it in the LS to RAN3
Proposal 3: If SFN initialization time is provided in the SRS configuration or implicitly assumed the same for the neighbouring gNB to measure SRS, the RTOA reference time is defined as T0+tSRS, where
T0 is the SFN initialization time (time of start of subframe#0 of SFN#0)
tSRS is the offset of the start of the subframe that contains the target SRS to the start of subframe#0 of SFN#0
Proposal 4: 
1. Support differential report for the following measurement types if multiple measurements of the same type are reported for a single TRP/UE
· PRS-RSRP
· DL RSTD 
· UE Rx – Tx time difference
· SRS-RSRP
· UL RTOA
· gNB Rx – Tx time difference
Two measurements of the same type can be associated with the same or different
· PRS resource ID for DL, or
· PRS resource ID or SSB index for UL
Include it in the LS to RAN2 and RAN3.
Proposal 5: For each measurement associated with quality report, UE or NG-RAN should also indicate the confidence by which the measurement is known to be within the uncertainty range, using 7 bits expressed as a percentage.
Include it in the LS to RAN2 and RAN3.
Proposal 6: Clarify the quality measurement of RSTD and UE Rx – Tx time difference is the quality of timing measurement of a TRP, rather than the quality of timing difference measurement.
Note that all TRPs, including reference TRP and neighbouring TRPs should have its own timing measurement quality.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref29227615]3GPP TS 36.214, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer; Measurements.
[2] [bookmark: _Ref29227720]3GPP RP-191156, Revised WID: NR Positioning Support, Newport Beach, USA, June 3 – 6, 2019.
[3] [bookmark: _Ref29230056]3GPP TS 23.032, Universal Geographical Area Description (GAD).
[4] [bookmark: _Ref16596872][bookmark: _Ref23755915][bookmark: _Ref29225422]3GPP TS 37.355, LTE Positioning Protocol (LPP).
[5] [bookmark: _Ref32397997]3GPP R1-1910321, Summary of UE and gNB measurements for NR Positioning, CATT, RAN1#98b, Chongqing, China, October 14 – 18, 2019.

