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In this contribution we describe some problems with the DL-PRS assistance data definitions which can lead to wrong DL-PRS search window calculations, and therefore, failure in acquiring the DL-PRS at the target device. In short, the UE can not always determine the correct starting subframe of the DL-PRS of a neighbour TRP. 
This issue was first identified in a RAN2 contribution during previous RAN2 meeting ([2]). During that meeting, it was identified ([3]) that it may be more appropriate to discuss it first in RAN1. 
The issue comes from the fact that (a) the timing offsets at the TRP locations (SFN offsets) are defined positively (towards the "next subframe boundary") whereas the timing offset at the UE location ((expected) RSTD) can be positive or negative (towards the "closest subframe boundary"); and (b) the window centre calculations use a mixture of timings at TRP location and UE location.
If the issue is not fixed, 	the calculation of the DL-PRS search window center may result in an incorrect starting subframe of the DL-PRS of a neighbour TRP, and therefore, DL-PRS acquisition may fail.
In this paper we propose a backward compatible solution to fix this issue by adding a new field to indicate a 1-ms offset on the calculation of the search window. 
2.	Definitions
As defined in the field description for the nr-DL-PRS-ExpectedRSTD-Uncertainty [1], a target device can determine the beginning of the subframe for the DL-PRS of a neighbour TRP as follows:
		The target device may assume that the beginning of the subframe for the PRS of this TRP is received within the search window of size
[-nr-DL-PRS-ExpectedRSTD-Uncertainty  R ; nr-DL-PRS-ExpectedRSTD-Uncertainty   R] 
centerd at TREF + 1 millisecond   N + nr-DL-PRS-ExpectedRSTD 4Ts,
where 
	TREF is the reception time of the beginning of the subframe for the PRS of the assistance data reference TRP at the target device antenna connector, and N can be calculated based on
-	nr-DL-PRS-SFN0-Offset
-	dl-PRS-Periodicity-and-ResourceSetSlotOffset
-	dl-PRS-ResourceSlotOffset.


The range of the (expected) RSTD is defined between -0.5 ms to +0.5 ms (±38414Ts  ±0.5 ms).
[bookmark: _Hlk104678423]The range of the nr-DL-PRS-ExpectedRSTD-Uncertainty is defined between 0 and 246Ts  8 ms for FR2, and between 0 and 2464Ts  32 ms for FR1.
The NR-DL-PRS-SFN0-Offset is provided for each TRP in the IE NR-DL-PRS-AssistanceData and defined as follows:
NR-DL-PRS-SFN0-Offset-r16 ::= SEQUENCE {
	sfn-Offset-r16					INTEGER (0..1023),
	integerSubframeOffset-r16		INTEGER (0..9),
	...}

	nr-DL-PRS-SFN0-Offset
This field specifies the time offset of the SFN#0 slot#0 for the given TRP with respect to SFN#0 slot#0 of the assistance data reference TRP and comprises the following subfields:
-	sfn-Offset specifies the SFN offset at the TRP antenna location between the assistance data reference TRP and this neighbour TRP.
	The offset corresponds to the number of full radio frames counted from the beginning of a radio frame #0 of the assistance data reference TRP to the beginning of the closest subsequent radio frame #0 of this neighbour TRP.
[bookmark: _Hlk104677660]-	integerSubframeOffset specifies the frame boundary offset at the TRP antenna location between the assistance data reference TRP and this neighbour TRP counted in full subframes.
	The offset is counted from the beginning of a subframe #0 of the assistance data reference TRP to the beginning of the closest subsequent subframe #0 of this neighbour TRP, rounded down to multiples of subframes.



The integerSubframeOffset is complemented with the (fine) subframeOffset to define the RTD (for UE-based mode):
RTD-InfoElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16				NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-r16					ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
[bookmark: _Hlk105113192]	subframeOffset-r16				INTEGER (0..1966079),
	rtd-Quality-r16					NR-TimingQuality-r16,
	...
}

	subframeOffset


This field specifies the subframe boundary offset at the TRP antenna location between the reference TRP and this neighbour TRP in time units  where  Hz and  (TS 38.211 [41]).
The offset is counted from the beginning of a subframe #0 of the reference TRP to the beginning of the closest subsequent subframe of this neighbour TRP.
Scale factor 1 Tc.



The sfn-Offset, integerSubframeOffset, and subframeOffset are defined at the TRP antenna location and are illustrated in Figure 1 below.


Figure 1: SFN offset definitions.
With the above definitions and the DL-PRS parameter, the beginning of the subframe for the PRS of a neighbour TRP (center of search window) can be calculated as illustrated in Figure 2 below.
The Figure 2 illustrates the subframe timing of the reference TRP (usually the serving TRP) and a neighbour TRP i. The two TRPs have a subframe synchronization offset (RTD) of 0.25ms in this example, and it is assumed that the expected RSTD equals the subframe synchronization offset (i.e., the geometric time difference is zero (the two TRPs are equidistant from the receiving UE)). For illustration (without loss of generality), the Figure 2 also assumes a slot has a length of 1 subframe (1ms). Therefore, the sfn-Offset is 0 in this example, and the actual subframe offset equals 3.25 ms, which is rounded down to an integerSubframeOffset of 3 ms.
The "blue boxes" in Figure 1 illustrate the DL-PRS subframes. The beginning of a DL-PRS symbol can be determined via the parameter DL-PRS Resource Set Slot Offset, Resource Slot Offset, and Resource Symbol Offset. For the reference TRP in Figure 2, the Resource Set Slot Offset is 2 slots (= 2 subframes in this example). For the neighbour TRP, the Resource Set Slot Offset is 4 slots in this example. Note, the actual location of the DL-PRS subframes do not matter for this discussion and the subframe numbers 2 and 4 are simply for illustration purpose).


Figure 2: Calculation of search window center 
The UE determines TREF, which is the "reception time of the beginning of the subframe for the DL-PRS of the assistance data reference TRP" at the target device location. I.e., the timing of the reference TRP is known, and the UE can use the DL-PRS parameter to determine the beginning of the subframe for the DL-PRS of the assistance data reference TRP (which is 2 slots in the example of Figure 2). For obtaining the beginning of the subframe for the DL-PRS of the neighbour TRP Ti, the UE needs to calculate N in the following formula:
	TREF + 1 millisecond   N + nr-DL-PRS-ExpectedRSTD 4Ts  .
The UE can determine N with the NR-DL-PRS-SFN0-Offset (and the DL-PRS parameter), which is for the example in Figure 2 as follows:
N 	= 10sfn-Offset + integerSubframeOffset + dl-PRS-ResourceSetSlotOffseti – dl-PRS-ResourceSetSlotOffsetRef  
	= 0 + 3 + 4 – 2 = 5
The beginning of the DL-PRS subframe of the neighbour TRP is then
 Ti  = TREF + N + expectedRSTD
With TREF = 2 and expected RSTD of 0.25 ms, the UE can determine the starting subframe of the DL-PRS of the neighbour TRP i, as illustrated in Figure 2:
Ti  = 2 + 5 + 0.25 = 7.25
or the DL-PRS subframe offset D as
	(Ti – TREF) = 7.25 – 2 = 5.25
which defines the center of the RSTD search window.
3.	Problem Description
The search window calculations described in Section 2 can fail if the geometric time difference (propagation delay difference) is not zero and/or the expected RSTD is negative. The latter is illustrated in Figure 3 below, using the same example as in Figure 2 above but with expected RSTD = -0.25 ms instead of +0.25 ms.




Figure 3: Calculation of search window center. 
The integerSubframeOffset is also 3 in this case, since "rounded down to multiples of subframes":
[bookmark: _Hlk104770393]N 	= 10sfn-Offset + integerSubframeOffset + dl-PRS-ResourceSetSlotOffseti – dl-PRS-ResourceSetSlotOffsetRef  
	= 0 + 3 + 4 – 2 = 5
The beginning of the DL-PRS subframe of the neighbour TRP is
 Ti  = TREF + N + expectedRSTD
With TREF  = 2 and expected RSTD of -0.25 ms, the UE determines the starting subframe of the DL-PRS of the neighbour TRP i:
Ti  = 2 + 5 - 0.25 = 6.75
or the DL-PRS subframe offset D as
	(Ti – TREF) = 6.75 – 2 = 4.75
which defines the center of the RSTD search window but is 1 ms too short (i.e., the correct D would be 5.75 ms, as shown in Figure 3). 
The issue comes from the fact that 
(a)	the timing offsets at the TRP locations (SFN offsets) are defined positively (towards the "next subframe boundary", or as is written in the specification: “The offset is counted from the beginning of a subframe #0 of the assistance data reference TRP to the beginning of the closest subsequent subframe #0 of this neighbour TRP, rounded down to multiples of subframes.”) whereas the timing offset at the UE location ((expected) RSTD) can be positive or negative (towards the "closest subframe boundary"). 
(b)	the window center calculations use a mixture of timings at TRP location and UE location:
TREF + 1 millisecond   N + nr-DL-PRS-ExpectedRSTD 4Ts
	Tref, nr-DL-PRS-ExpectedRSTD are defined at the UE location and take into account the expected propagation time difference as well as transmit time difference. The calculation of N determining the 1-ms granularity uses quantities defined at TRP location (nr-DL-PRS-SFN0-Offset, dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-ResourceSlotOffset). 

(a) could be solved by defining the nr-DL-PRS-ExpectedRSTD also between 0…1 ms, which could be achieved by adding +1 to the N calculation when the expected RSTD is negative. For example:

	If nr-DL-PRS-ExpectedRSTD ≥ 0:
	The target device may assume that the beginning of the subframe for the PRS of this TRP is received within the search window of size
[-nr-DL-PRS-ExpectedRSTD-Uncertainty  R ; nr-DL-PRS-ExpectedRSTD-Uncertainty   R] 
centerd at TREF + 1 millisecond   N + nr-DL-PRS-ExpectedRSTD   4   Ts,
[bookmark: _Hlk104770882]If nr-DL-PRS-ExpectedRSTD < 0:
	The target device may assume that the beginning of the subframe for the PRS of this TRP is received within the search window of size
[-nr-DL-PRS-ExpectedRSTD-Uncertainty  R ; nr-DL-PRS-ExpectedRSTD-Uncertainty   R] 
centerd at TREF + 1 millisecond   (N + 1) + nr-DL-PRS-ExpectedRSTD   4   Ts,
where 
	TREF is the reception time of the beginning of the subframe for the PRS of the assistance data reference TRP at the target device antenna connector, and N can be calculated based on
-	nr-DL-PRS-SFN0-Offset
-	dl-PRS-Periodicity-and-ResourceSetSlotOffset
-	dl-PRS-ResourceSlotOffset.




However, due to item (b) above, it could happen that the expected RSTD is negative, but due to the geometry of the situation, the center of the search window does not need the addition of +1 to the N calculation. This can happen for example in the case of the transmission time offsets (at subframe level) are close to 0 (or 1) ms (which should be the typical case for synchronized networks for DL-TDOA positioning).

Figure 4 below illustrates an example where the transmit time offset (mod 1ms) is 0.1 ms and the geometric time difference is -0.2 ms. 



Figure 4: Calculation of search window center. 
The server would determine the expected RSTD as 0.1 + (-0.2) = -0.1 ms. Therefore, the center of the search window would give:

N 	 = 10  sfn-Offset + integerSubframeOffset + dl-PRS-ResourceSetSlotOffseti – dl-PRS-ResourceSetSlotOffsetRef  
	 = 0 + 3 + 4 – 2 = 5
With the (negative) expected RSTD the DL-PRS subframe of the neighbour TRP is:
Ti  = TREF + N + expectedRSTD  = 2 + 5 - 0.1 = 6.9
or the DL-PRS subframe offset D is
	(Ti – TREF) = 6.9 – 2 = 4.9
which gives the correct starting subframe and the +1 should not be added to the N calculation, even though the expected RSTD is negative. Therefore, the rule above – i.e., add +1 to N if nr-DL-PRS-ExpectedRSTD < 0 – does not generally hold, and is dependent on the residual transmit time offset (fractional part of the subframe offset) and geometry of the situation.
For example, the following two cases result in the same assistance data (expected RSTD, subframe offsets), but require different search window offset values for proper N calculation:
Figure 5:
transmission offset: 0.9 ms
propagation delay difference: 0.05 ms
Expected RSTD = 0.9 + 0.05 = 0.95,  which wraps to -0.05 ms
N 	 = 10sfn-Offset + integerSubframeOffset + dl-PRS-ResourceSetSlotOffseti – dl‑PRS‑ResourceSetSlotOffsetRef
	 = 0 + 0 + 4 – 2 = 2
Ti  = TREF + N + expectedRSTD  = 2 + 2 - 0.05 = 3.95
(Ti – TREF) = 3.95 – 2 = 1.95
 +1 is required to get the search window correctly (beginning of PRS subframe of the neighbour TRP).
Figure 6:
transmission offset: 0.05 ms
propagation delay difference: -0.1 ms
Expected RSTD = 0.05 –  0.1 = -0.05
N 	 = 10sfn-Offset + integerSubframeOffset + dl-PRS-ResourceSetSlotOffseti – dl‑PRS‑ResourceSetSlotOffsetRef
	 = 0 + 0 + 4 – 2 = 2
Ti  = TREF + N + expectedRSTD  = 2 + 2 - 0.05 = 3.95
(Ti – TREF) = 3.95 – 2 = 1.95
 +1 is not required to get the search window correctly (beginning of PRS subframe of the neighbour TRP).


Figure 5: Calculation of search window center.



Figure 6: Calculation of search window center.
One possible solution may be to change the definition of the integerSubframeOffset: Instead of "rounding down to multiples of subframes", the subframe offset could be rounded towards the closest subframe boundary (i.e., round() operation instead of a fix() operation). For the examples in Figures 3 and 5, this would result in a correct integerSubframeOffset for the N calculations. However, this would not be compatible with the RTD definition summarized in Section 2 above (i.e., where the "fine" subframe offset (RTD) is obtained from sfn-Offset, integerSubframeOffset, subframeOffset (see Figure 1)) and therefore, would require the introduction of a new integerSubframeOffset' exclusively for the search window calculations. But this would also fail for larger synchronization offsets and/or geometric time differences as shown in the following example (Figure 7):
transmission offset: 0.55 ms
propagation delay difference: -0.1 ms
Expected RSTD = 0.55 - 0.1 = 0.45
integerSubframeOffset' = round(actual subframe offset) = round(0.55) = 1
N 	 = 10sfn-Offset + integerSubframeOffset' + dl-PRS-ResourceSetSlotOffseti – dl‑PRS‑ResourceSetSlotOffsetRef
	 = 0 + 1 + 4 – 2 = 3
Ti  = TREF + N + expectedRSTD  = 2 + 3 + 0.45 = 5.45
(Ti – TREF) = 5.45 – 2 = 3.45
 -1 is required to get the search window correctly (beginning of PRS subframe of the neighbour TRP).
I.e., the round operation would be wrong in this case. The correct search window would be obtained with the existing definitions.


Figure 7: Calculation of search window center with rounding the integer subframe offset to closest subframe boundary.
4.	Proposed Solution
As shown in section 3 above, a "search window offset" of 1 ms would be required in certain situations and combinations of transmit time offset and propagation delay differences. The server is calculating the center of the search window based on the knowledge of transmit time differences and a-priori location estimate (before rounding all the values as required for the signalling). The uncertainty (actual search window) then depends on the uncertainty of the a-priori location (e.g., cell radius, etc.), which does not affect the center calculation (beginning of PRS subframe of neighbour TRP). 

The search window should be offset by (relative to reference TRP timing)
	geometric RSTD (propagation delay difference) + transmission offset + DL-PRS offset 
which corresponds to
	geometric RSTD + residual offset (i.e., fractional part of the subframe offset) + N .

The expected RSTD (= geometric RSTD + residual offset) is wrapped to (-0.5,0.5). Therefore, the expected RSTD + N is wrong whenever there is a wrap around. 

The server knows the PRS and SFN offsets and can determine the excess value to be added to N when computing the search window. Therefore, it is proposed to add a searchWindowOffset to the DL-PRS assistance data, which can take the values 0 or 1 and solves the problems discussed in section 3 above:

NR-DL-PRS-AssistanceDataPerTRP-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16			OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16				NCGI-r15					OPTIONAL,	-- Need ON
	nr-ARFCN-r16					ARFCN-ValueNR-r15			OPTIONAL,	-- Need ON
	nr-DL-PRS-SFN0-Offset-r16		NR-DL-PRS-SFN0-Offset-r16,
	nr-DL-PRS-ExpectedRSTD-r16		INTEGER (-3841..3841),
	nr-DL-PRS-ExpectedRSTD-Uncertainty-r16
									INTEGER (0..246),
	nr-DL-PRS-Info-r16				NR-DL-PRS-Info-r16,
	...,
	[[
		prs-OnlyTP-r16				ENUMERATED { true }		OPTIONAL	-- Need ON	
	]],
	[[
		searchWindowOffset-r16		ENUMERATED { m0, m1, ... }	OPTIONAL	-- Need ON
	]]
}

	NR-DL-PRS-AssistanceData field descriptions

	[…]

	nr-DL-PRS-SFN0-Offset
This field specifies the time offset of the SFN#0 slot#0 for the given TRP with respect to SFN#0 slot#0 of the assistance data reference TRP and comprises the following subfields:
-	sfn-Offset specifies the SFN offset at the TRP antenna location between the assistance data reference TRP and this neighbour TRP.
	The offset corresponds to the number of full radio frames counted from the beginning of a radio frame #0 of the assistance data reference TRP to the beginning of the closest subsequent radio frame #0 of this neighbour TRP.
-	integerSubframeOffset specifies the frame boundary offset at the TRP antenna location between the assistance data reference TRP and this neighbour TRP counted in full subframes.
	The offset is counted from the beginning of a subframe #0 of the assistance data reference TRP to the beginning of the closest subsequent subframe #0 of this neighbour TRP, rounded down to multiples of subframes.

	nr-DL-PRS-ExpectedRSTD
This field indicates the RSTD value that the target device is expected to measure between this TRP and the assistance data reference TRP. The nr-DL-PRS-ExpectedRSTD field takes into account the expected propagation time difference as well as transmit time difference of PRS positioning occasions between the two TRPs. The resolution is 4Ts, with Ts=1/(15000*2048) seconds.

	nr-DL-PRS-ExpectedRSTD-Uncertainty
This field indicates the uncertainty in nr-DL-PRS-ExpectedRSTD value. The uncertainty is related to the location server′s a‑priori estimate of the target device location. The nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty together define the search window for the target device.
The resolution R is
-	Ts if all PRS resources are in frequency range 2,
-	4Ts otherwise,
with Ts=1/(15000*2048) seconds.
The target device may assume that the beginning of the subframe for the PRS of this TRP is received within the search window of size
-	[-nr-DL-PRS-ExpectedRSTD-UncertaintyR ; nr-DL-PRS-ExpectedRSTD-UncertaintyR] centerd at TREF+1 millisecond(N+M)+nr-DL-PRS-ExpectedRSTD4Ts,
where TREF is the reception time of the beginning of the subframe for the PRS of the assistance data reference TRP at the target device antenna connector, and N can be calculated based on
-	nr-DL-PRS-SFN0-Offset
-	dl-PRS-Periodicity-and-ResourceSetSlotOffset
-	dl-PRS-ResourceSlotOffset
and M is given by searchWindowOffset.

	[…]

	searchWindowOffset
This field specifies the excess value to be added to N when computing the center location of the search window as described in nr-DL-PRS-ExpectedRSTD-Uncertainty field description. Enumerated value 'm0' indicates M=0, 'm1' indicates M=1.



The above would be compatible with existing assistance data and measurement definitions. Legacy UEs would calculate the search window as currently defined (i.e., with M=0), which however, may fail in certain instances as shown. New UEs would take the M value into account when determining the beginning of DL-PRS subframes of neighbour TRPs. But all definitions of e.g., SFN offset, (expected) RSTD, etc. could remain unchanged. 
5.	Summary
In this contribution, we discussed the problems with the current search window definitions which can lead to wrong calculations of the center location of the search window (starting subframe of DL-PRS occasion of neighbour TRPs), and therefore, failure in acquiring the DL-PRS at the target device. The following Proposal is made.

Proposal:	Send an LS to RAN2 to ask them to add a searchWindowOffset parameter to the DL-PRS assistance data, which can take the values 0 or 1, and which should be added to N when calculating the center location of the DL-PRS search window.
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