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In this contribution, we will provide our view on the remaining issues of measurements, including
· Finalizing gNB measurement on SRS
· Uncertainty range for quality reporting
· Understanding of NR-TimingMeasQuality
· Inter-frequency Rx – Tx time difference

[bookmark: _Ref129681832]Discussion
Concerns on RAN1’s duty on gNB measurements
In RAN1#100e, despite the fact that the definition of UL RTOA is still unclear from RAN1 perspective, companies expressed that no LS should be sent to RAN3 to address the issue and let RAN3 do the remaining work [2]. We are now having a strong concern regarding such an arrangement after viewing the progress in RAN3 of the February meeting.
First, RAN3#107 agreed a BL NRPPa CR in [3], where no sign of addressing UL RTOA was shown and related configuration of, for instance, SRS for measurement is “FFS / pending RAN2”. This concerns us in terms of the completion of the feature.
	[bookmark: _Toc534730156]9.2.y	SRS Configuration 
This information element contains the SRS configuration configured by the NG-RAN node for the UE.
[Editor’s Note: further details on the IEs are FFS / pending RAN2]
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Secondly, RAN3 is already fully loaded with almost an empty stage-3 specification that provides only a skeleton of high-level messages without any implementation of the higher layer parameters from RAN1. Also, in the higher layer parameter list from RAN1, RAN1 failed to include anything related to how to convey the signaling for SRS reception and UL RTOA measurement such as expected delay and expected delay uncertainty (similar to PRS reception at UE side), UL RTOA reference configuration, etc.
Thirdly, some companies argued that there was “offline consensus” in RAN1 that it is up to RAN3 to do normative work for UL RTOA in [2]. However, neither was there any formal text capturing this in the meeting minutes or as an agreement/conclusion, nor were companies willing to recapture the agreement or send an LS to RAN3. We agreed to an “offline consensus” at the time because we thought that an LS would be sent to RAN3 to request their attention to the measurement definition that RAN1 believed was RAN3’s task and receive their reply back to RAN1 if there were some issues. Now, such a deferred request is no longer timely and we request RAN1 to take the responsibility and finish RAN1 specification in the due time.
Most important, the WID [4] clearly states that it is a RAN1 centric objective to define the gNB measurements, and a RAN3 centric objective to define extension of NRPPa specification. We believe it is  unjustifiable and strange that RAN1 defined gNB Rx – Tx time difference, yet somehow refused to define the UL RTOA measurement and handed it over to RAN3 without any formal notification. 
	RAN1 centric objectives
· Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning
RAN3 centric objectives
· Define extensions of NRPPa protocol for NR positioning [RAN3]



To our understanding, the correct procedure is that RAN1 defines something, provides the higher layer parameter to enable it, raises questions via an LS in the case RAN3 involvement is required, and let RAN3 implement the higher layer parameters in their specification. One example is the discussion to support aperiodic SRS.
Therefore, we have the following proposal for the general procedure.
Proposal 1: RAN1 continues to discuss the topic of gNB measurement and reaches agreements in RAN1#100b at least on the following issues and sends an LS to RAN3 to notify RAN3 regarding the reached agreements:
1) UL RTOA definition
2) Search window configuration for gNB to receive SRS.
We provide our views regarding UL RTOA definition and search window configuration for gNB to receive SRS in the following Sections 2.1.1 and 2.1.2, respectively.   
UL RTOA Definition
Since RAN1 assumes that the TRPs are SFN time synchronized or the SFN offsets are known to the TRP in the offline consensus [5], we think SFN initialization time should be provided from the serving gNB to LMF and then to the TRPs along with the SRS configuration. In case this field is absent, the TRP may assume SFN synchronization.
Proposal 2: Introduce the following new parameter to the higher layer parameter list.
	NR_pos-Core
	NR UL Measurement Report Configuration
	　
	　
	FFS in RAN3 WG
	SFN Initialization time
	SFN initialization time
	New
	　
	The nominal beginning time of SFN 0 for SRS
	Same as SFN initialization time in LPPa

BIT STRING (64)
	　
	　
	NRPPa 38.455
	　
	Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second.



The UL RTOA reference time can be based on the SFN initialization time. One simple way is to define a resource specific UL RTOA reference time using T0+tSRS where
· T0 is the SFN initialization time (time of the start of subframe#0 of SFN#0)
· tSRS is the offset of the start of the subframe that contains the target SRS relative to the SFN initialization time
Note that tSRS can be calculated based on SRS configuration. It is illustrated in Figure 1. The benefit of it that UL RTOA measurement is independent of the SRS transmission time difference.
UL RTOA reference time for SRS resource #1
SRS resource #1
SRS resource #2
Start of the received subframe containing SRS resource #1
Start of the received 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 1 Illustration of proposed UL-RTOA measurement
In summary, we have the following proposal.
Proposal 3: The RTOA reference time is defined as T0+tSRS, where
· T0  is the nominal beginning time of SFN 0 provided by LMF.
· tSRS is the nominal time offset of the beginning of the subframe that contains the target SRS  relative to the nominal beginning time of SFN 0.
Proposal 4: Adopt the following TP to TS 38.215.
===================== Unchanged parts omitted ======================
[bookmark: _Toc29901482][bookmark: _Toc29901435][bookmark: _Toc29045094][bookmark: _Toc26473656][bookmark: _Toc11163802][bookmark: _Toc29901522][bookmark: _Toc29901475][bookmark: _Toc29045134]2	References
===================== Unchanged parts omitted ======================
[xx] 	3GPP TS 38.455: "NG-RAN; NR Positioning Protocol A (NRPPa)"
===================== Unchanged parts omitted ======================
5.2.2	UL Relative Time of Arrival (TUL-RTOA)

	Definition
	[The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in positioning node j, relative to the configurable reference timeUL RTOA reference time.]

The UL RTOA reference time is defined as , where
-	 is the nominal beginning time of SFN 0 provided by [yy] [xx, TS 38.455]
-	 is the nominal time offset of the beginning of the subframe that contains the target SRS relative to the nominal beginning time of SFN0.

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

The reference point for TUL-RTOA shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.



===================== Unchanged parts omitted ======================

Search window configuration for gNB to receive SRS
Similar to DL PRS reception at UE side where there is nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty along with the nr-DL-PRS-SFN0-Offset for UE to form the PRS search window, TRPs also need a search window information to receive SRS.
In LTE, the following information is provided in SLmAP [6] and the corresponding RAN4 specification [7]
	Search Window Parameters
	O
	
	
	

	>Expected Propagation Delay
	O
	
	INTEGER 
(1..1200,…)

	UL RTOA expected propagation delay as defined in TS 36.111 [9].

	>Delay Uncertainty
	O
	
	INTEGER 
(1..100,…)

	The uncertainty of the propagation delay.
Mapping is included in TS 36.111 [9].



	The E-SMLC may provide search window information to the LMU via the SLmAP [5], which may be used by the LMU for configuring its receiver for performing UL RTOA measurements. The search window parameters include: 
-	expected propagation delay T (center of the search window), and 
-	delay uncertainty ∆ (half width of the search window);
which together define the search window [T-∆;T+∆] centered at time T, and where ∆ may be a timing advance measurement for serving cell.



A similar approach can be used for TRP to receive SRS. Note that this is applicable for all positioning methods that use SRS.
Proposal 5: Introduce the following new parameters to the higher layer parameter list.
	NR_pos-Core
	NR UL Measurement Report Configuration
	　
	　
	FFS in RAN3 WG
	Expected Propagation Delay
	Expected Propagation Delay
	New
	　
	For providing an indication of when the SRS is expected to arrive in time at the gNB relative to the UL-RTOA reference time.
	FFS in RAN4 WG
	
	
	NRPPa 38.455
	
	Similar to expected propagation delay in SLmAP.

	NR_pos-Core
	NR UL Measurement Report Configuration
	
	
	FFS in RAN3 WG
	Delay Uncertainty
	Delay Uncertainty
	New
	
	For providing an indication of when the SRS is expected to arrive in time at the gNB with uncertainty (search window).
	FFS in RAN4 WG
	
	
	NRPPa 38.455
	
	Similar to delay uncertainty in SLmAP.



Understanding of NR-TimingMeasQuality
Currently, RAN2 LPP specification specified the timing measurement quality using generic name NR-TimingMeasQuality.
	NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {
	trp-ID-r16						TRP-ID-r16			OPTIONAL,
	nr-DL-PRS-ResourceId-r16		NR-DL-PRS-ResourceId-r16	 OPTIONAL,
	nr-DL-PRS-ResourceSetId-r16		NR-DL-PRS-ResourceSetId-r16 OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,	
	nr-RSTD-r16						INTEGER (0..ffs),	-- FFS on the value range
 	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16		OPTIONAL,
	nr-TimingMeasQuality-r16				NR-TimingMeasQuality-r16,
	nr-PRS-RSRP-Result-r16			INTEGER (FFS)			OPTIONAL, -- FFS, value range to be decided in RAN4.
	nr-DL-TDOA-AdditionalMeasurements-r16				NR-DL-TDOA-AdditionalMeasurements-r16,
	...
}

NR-TimingMeasQuality-r16 ::= SEQUENCE {
	timingMeasQualityValue-r16			INTEGER (0..31),	
	timingMeasQualityResolution-r16 	ENUMERATED {mdot1, m1, m10, m30, ...},	
	...
}




Despite the fact that the RSTD measurement itself for the reference TRP should anyway be 0, we still think that the quality should also be reported for the reference TRP to reflect the TOA quality. As an example, it is shown in [8] that quality (if assumed as the variance of error) can be used by LMF to find the error correlation matrix.

In general, it is feasible to interpret NR-TimingMeasQuality as the TOA quality, i.e.,  in the above equation.  If such an interpretation is used, then the RSTD measurement quality can be calculated as . Moreover, if NR-TimingMeasQuality is interpreted as the TOA quality,  then it would be equal to the UE Rx – Tx time difference quality if the TOA is measured based on the same DL PRS.
Proposal 6: RAN1 to clarify which interpretation should be used for the timing measurement quality for RSTD.
· Interpretation 1: 
· Interpretation 2: 
· Where  is the TOA quality of the reference and  is the TOA quality of the TRP .
Proposal 7: RAN1 to clarify whether the reference TRP can have NR-TimingMeasQuality.

Inter-frequency Rx – Tx time difference
In the current RAN2 specification, DL PRS is configured by LPP and SRS for positioning is configured by RRC. As they are in separate specifications, there is no explicit pairing between PRS and SRS.
As an example, consider Figure 2 that depicts an inter-band CA where two CCs are configured with SRS for positioning each belonging to a different TAG. Moreover, PRS is also configured in two positioning frequency layers where one belongs to the first band and another belongs the second band. It is natural to associate SRS and PRS in the same band as the TRP transmitting PRS is likely to receive the SRS from the same band. However, the current specification allows UE to pair SRS in the first band with PRS in either the first or the second band. If SRS in the first band is paired with the PRS in the second band, the measured Rx – Tx time difference would be useless as the Tx time for the Rx – Tx time difference would be based on an irrelevant TAG.
SRS
SRS
PRS
PRS
2nd band
1st band

[bookmark: _Ref36394442]Figure 2 Mistakenly pairing SRS in one band with PRS in two bands
Another example is shown in Figure 3 where a PRS is configured only in single positioning frequency layer that belongs to the first band. In Figure 3, SRS in the 1st band is meant to be associated with the PRS, while SRS in the 2nd band is meant to be used for UL-only positioning. The current specification allows UE to pair SRS in the second band with the PRS; generating useless UE Rx – Tx time difference, as the Tx time would be wrong.
SRS
SRS
PRS
2nd band
1st band

[bookmark: _Ref36394537]Figure 3 Mistakenly pairing SRS in one band with PRS in another band
This longstanding problem has been postponed considering incomplete RAN2 specification. However, as no solution has been proposed in RAN2 so far, we suggest to limit the UE Rx – Tx time difference to only intra-band PRS and SRS.
Proposal 8: Limit UE Rx – Tx time difference only to PRS and SRS in the same band.
Proposal 9: Adopt the following TP to TS 38.215.
===================== Unchanged parts omitted ======================
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a positioning node, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the positioning node.
TUE-RX and TUE-TX shall be measured on the same band.

Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the positioning node.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency


===================== Unchanged parts omitted ======================

gNB antenna reference point
In the LS from RAN4 [9], RAN4 discussed and introduced the reference point for gNB with respect to timing related measurements for both FR1 and FR2. The different reference points, based on our understanding, are dependent on whether the measurement at the antenna connector is available for different types of FR1 gNBs, which is unexpected from RAN1 perspective, since RAN1 thought that the problem was only on FR2.
[bookmark: _Toc524695296][bookmark: _Toc29045135][bookmark: _Toc29901476][bookmark: _Toc29901523][bookmark: _Toc35596404]5.2.3	gNB Rx – Tx time difference

	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
TgNB-RX is the positioning node received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the positioning node transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

Multiple SRS resources for positioning can be used to determine the start of one subframe containing SRS.

The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.



[bookmark: _Toc29045137][bookmark: _Toc29901478][bookmark: _Toc29901525][bookmark: _Toc35596406]5.2.5	UL SRS reference signal received power (UL SRS-RSRP)

	Definition
	UL SRS reference signal received power (UL SRS-RSRP) is defined as linear average of the power contributions (in [W]) of the resource elements carrying sounding reference signals (SRS). UL SRS‑RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the configured measurement time occasions.

For frequency range 1, the reference point for the UL SRS-RSRP shall be the antenna connector of the gNB. For frequency range 2, UL SRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the gNB, the reported UL SRS-RSRP value shall not be lower than the corresponding UL SRS-RSRP of any of the individual receiver branches.



In our understanding, as RAN4 have identified issues for FR1, for SRS RSRP, the current RAN1 assumption may not be valid as well, and thus an additional reply LS to RAN4 to also clarify whether the reference point for SRS RSRP is correct or not, may be needed.
Proposal 10: Send a reply LS to RAN4 to ask RAN4 whether the reference point for the UL SRS RSRP at gNB, currently captured in TS 38.215, is correct or not.

Conclusions
In this contribution, we have the following proposals.
Proposal 1: RAN1 continues to discuss the topic of gNB measurement and reaches agreements in RAN1#100b at least on the following issues and sends an LS to RAN3 to notify RAN3 regarding the reached agreements:
1) UL RTOA definition
2) Search window configuration for gNB to receive SRS.
Proposal 2: Introduce the following new parameter to the higher layer parameter list.
	NR_pos-Core
	NR UL Measurement Report Configuration
	　
	　
	FFS in RAN3 WG
	SFN Initialization time
	SFN initialization time
	New
	　
	The nominal beginning time of SFN 0 for SRS
	Same as SFN initialization time in LPPa

BIT STRING (64)
	　
	　
	NRPPa 38.455
	　
	Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second.


Proposal 3: The RTOA reference time is defined as T0+tSRS, where
· T0  is the nominal beginning time of SFN 0 provided by LMF.
· tSRS is the nominal time offset of the beginning of the subframe that contains the target SRS  relative to the nominal beginning time of SFN 0.
Proposal 4: Adopt the following TP to TS 38.215.
===================== Unchanged parts omitted ======================
2	References
===================== Unchanged parts omitted ======================
[xx] 	3GPP TS 38.455: "NG-RAN; NR Positioning Protocol A (NRPPa)"
===================== Unchanged parts omitted ======================
5.2.2	UL Relative Time of Arrival (TUL-RTOA)

	Definition
	[The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in positioning node j, relative to the configurable reference timeUL RTOA reference time.]

The UL RTOA reference time is defined as , where
-	 is the nominal beginning time of SFN 0 provided by [yy] [xx, TS 38.455]
-	 is the nominal time offset of the beginning of the subframe that contains the target SRS relative to the nominal beginning time of SFN0.

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

The reference point for TUL-RTOA shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.



===================== Unchanged parts omitted ======================
Proposal 5: Introduce the following new parameters to the higher layer parameter list.
	NR_pos-Core
	NR UL Measurement Report Configuration
	　
	　
	FFS in RAN3 WG
	Expected Propagation Delay
	Expected Propagation Delay
	New
	　
	For providing an indication of when the SRS is expected to arrive in time at the gNB relative to the UL-RTOA reference time.
	FFS in RAN4 WG
	
	
	NRPPa 38.455
	
	Similar to expected propagation delay in SLmAP.

	NR_pos-Core
	NR UL Measurement Report Configuration
	
	
	FFS in RAN3 WG
	Delay Uncertainty
	Delay Uncertainty
	New
	
	For providing an indication of when the SRS is expected to arrive in time at the gNB with uncertainty (search window).
	FFS in RAN4 WG
	
	
	NRPPa 38.455
	
	Similar to delay uncertainty in SLmAP.


Proposal 6: RAN1 to clarify which interpretation should be used for the timing measurement quality for RSTD.
· Interpretation 1: 
· Interpretation 2: 
· Where  is the TOA quality of the reference and  is the TOA quality of the TRP .
Proposal 7: RAN1 to clarify whether the reference TRP can have NR-TimingMeasQuality.
Proposal 8: Limit UE Rx – Tx time difference only to PRS and SRS in the same band.
Proposal 9: Adopt the following TP to TS 38.215.
===================== Unchanged parts omitted ======================
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a positioning node, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the positioning node.
TUE-RX and TUE-TX shall be measured on the same band.

Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the positioning node.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency


===================== Unchanged parts omitted ======================
Proposal 10: Send a reply LS to RAN4 to ask RAN4 whether the reference point for the UL SRS RSRP at gNB, currently captured in TS 38.215, is correct or not.
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