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Introduction
This email Discussion is related to the following 2 papers: 
[1] R1-2209841	Discussion on the PRS search window	Huawei, HiSilicon
[2] R1-2209936	Discussion on an issue on DL-PRS Search Window Definitions	Qualcomm Incorporated
Discussion
This issue was first identified in a RAN2 contribution during previous RAN2 meeting ([3]). During that meeting, it was identified ([4]) 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.
Solution 1 [1]
In the first solution proposed in [1], the suggestion is that both sfn-Offset and integerSubframeOffset could correspond to a value that is set by the network, so we remove how the rounding is down, with the intention that the network will set the 2 values in such a way to ensure that the PRS search window is what is supposed to be. 
Proposal 1: It is RAN1 understanding that sfn-Offset and integerSubframeOffset in NR-DL-PRS-SFN0-Offset is not required to be specified as round-down or round-to-the-closest, but should be set a value by the network to ensure that the UE assumption is correct when to determine the search window centre.
· The definition of sfn-Offset and integerSubframeOffset could be changed to reflect that intention.
Proposal 2: Include the following text proposal in the LS to RAN2.
	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 subsequentradio 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 corresponds to the number of full subframes 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.

NOTE: 	Network shall set the value in accordance with the defined search window for the target device using nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty




Solution 2 [2]
In the 2nd solution, a backward compatible solution to fix this issue is proposed by adding a new field to indicate an 1-ms offset on the calculation of the search window.
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.
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, 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. 

3 Moderator Comments 

In short, in both solutions 1 & 2, a change is suggested that would enable the LMF to provide values on the assistance data fields that will result in correct computation of the search window.
· In solution 1, the suggestion is to allow the network to assign sfn-Offset and integersubframeOffset  without explicitly saying how the rounding is happening. In that case, the LMF could add or subtract a value, as needed to ensure that the search window is eventually computed correctly.
· In solution 2, the definitions of sfn-Offset and integersubframeOffset  do not change, and the network adds an offset 0 or 1 in a new field (i.e. instead of “hiding” it inside the integersubframeOffset  as it was in solution 1). 

Moderator’s understanding is that, with regards to DL PRS search window computation, either solution could work; in one case, the LMF is adjusting the integersubframeOffset value without informing the UE, in the other case, it sends an additional offset to the UE without adjusting the integersubframeOffset. 

However, Solution 1 changes the definition of the integerSubframeOffset, which appears (strictly speaking) non-backwards compatible. As noted in [2] (Figure 1), the current definitions for the sfn-Offset, integerSubframeOffset, and subframeOffset align to the "true" transmission offset with Tc granularity (for UE-based). With solution 1, this would now have a 1-ms ambiguity, since the rounding of the integerSubframeOffset is changed to "unspecified" in Solution 1 (i.e., unknown at the UE), which could create ambiguity for some scenarios in UE-based as shown in the example below.  

In short, in solution 1, in UE-based, the UE cannot determine the actual RTD since the integersubframeOffset may or may not have an offset. In solution 2, in UE-based, the UE can determine the actual RTD of the network, by adding the integersubframeOffset (1 msec granularity) to the (fine) subframeOffset (Tc granularity). 
Example: 
· Assume 2 TRPs with a Transmission offset = 1.4ms
· A UE that has a Geometric RSTD = 0.55ms
·  Expected RSTD(computed by network) = Reception offset mod (-0.5,0.5) = Transmission offset +geometric RSTD mod(-0.5,0.5) = -0.05ms
· Transmit RTDInfo = 0.4ms (fractional part of transmission offset)
Solution1:
· integersubframeoffset = 2 
· search window center = 2+-0.05 = 1.95ms
· UE needs to obtain geometric RSTD which includes the transmission offset between the TRPs; however, this is not exactly known (it can be, integersubframeoffset + RTDInfo or integersubframeoffset + RTDInfo -1). So, a UE estimates geometric RSTD as 0.55 ms or -0.45ms. UE doesn’t know which one is the correct. 
Solution2:
· integersubframeoffset = 1 
· search window offset = 1  (new parameter added in the AD according to this Solution)
· search window center = 1+1+-0.05 = 1.95ms (same as Solution 1, since both solutions address the ambiguity with the search window center). 
· Transmission offset = integersubframeoffset + RTDInfo = 1.4ms. 
· Reception offset = 1.95ms 
· Geometric RSTD measured = 0.55ms

4 [CLOSED] Questions 

[CLOSED] Question 4.1 Do you agree that there can be an issue that needs to be fixed?

	Company
	Yes/No
	Comments

	vivo
	Yes
	

	Huawei, HiSilicon
	
	When RAN1 discussed the SFN offset in the AD for UE-assisted DL-TDOA, the SFN offset was described with 1us resolution, but RAN2 later changed it to 1ms resolution, and invented the description of “rounded down to xxx” in LPP.

For the use of fine RTD for UE-based DL-TDOA, we understand that
UE still uses the coarse SFN offset as well as expected RSTD/RSTD uncertainty to search for the PRS.
UE measures the PRS and obtains the RSTD measurement.
UE subtract the fine RTD from the RSTD measurement to obtain the geometry RSTD and resolve the 1-ms ambiguity if any. We think a UE should have the capability to rule out the ambiguity if a BS is 300km further away or not (300000km/s x 1ms)
UE obtains the its location using geometry RSTD and TRP location.
In summary, we do not think that UE should use fine RTD for the PRS search window determination. The problem the moderated stated on the UE-based positioning (i.e. “the UE cannot determine the actual RTD since the integersubframeOffset may or may not have an offset”) appears not existing.

	Qualcomm
	Yes
	To HW/HiSi, we ll reply below

	ZTE
	No
	

	CATT
	Yes
	



[CLOSED] Question 4.2 If yes, which solution is preferred to fix the problem and why?

	Company
	Solution 
	Comments

	vivo
	1 or providing RTD information
	As solution 1, the description of ‘rounded down to multiples of subframes’ is deleted, and as long as the LMF indicates the appropriate ‘integerSubframeOffset’ based on the implementation, the UE can accurately obtain the center position of the search window.
Then, regarding potential ambiguity for solution 1 used for UE-based positioning, it depends on the size of the ‘Geometric RSTD’. According to FL's example, the final calculated ‘Geometric RSTD’ value may be 2 values, but the two values are 1ms apart, and one is positive and the other is negative. From our point of view, in general positioning scenarios, the distance of the TRPs are at most a few hundred meters or a few thousand meters, which leads to the size of actual ‘Geometric RSTD’ on the order of 0.01ms. In these scenarios, it is easy for the UE to identify which value of the 2 values is the true ‘Geometric RSTD’.

Alternatively, compare to introducing a new IE in solution 2, we also prefer to provide RTD information for UE-assisted positioning which also can deal with the issue.


	Huawei, HiSilicon
	
	We prefer solution 1 by fixing the field description only if a change is necessary. This is generally aligned with RAN1/RAN2 specification principle that we describe behaviour from UE perspective.

Solution 2 is somehow an overkill, and would require additional capability signalling on the new assistance data to avoid any interoperability issue.

	Qualcomm
	Solution 2
	To HW/HiSi: 
For UE-Assisted and PRS search window determination we agree that both Solution 1 & Solution 2 work. 
However, in HW/HiSi response, they assumed that, in UE-based, a UE will always be able to remove the new ambiguity that would be added by Solution 1, which indeed may only happen when BS are very far away. However, we believe we should solve the problem fully and not throw the can down the road. If for example, in a future release, NTN is introduced where very large distances are possible and the mainstream scenario, UE-based will have this ambiguity. Specifically, I am referring to this comment from HW/HiSi. Solution 1 assumes that
UE subtract the fine RTD from the RSTD measurement to obtain the geometry RSTD and resolve the 1-ms ambiguity if any. We think a UE should have the capability to rule out the ambiguity if a BS is 300km further away or not (300000km/s x 1ms)
Our understanding is that such an assumption/capability was not intended to be needed in the specification, nor is needed for Solution 2. In other words, Solution 1 may look simpler, but it doesn’t address all the cases. 
There is also a comment, that we ll require additional capability signaling for Solution 2. We don’t think that this is the case. Our understanding is that the network will add the new field and will be usable for new UEs only, without affecting legacy UEs: If it is a legacy UE, either way it has the identified problem; it will just not read the new field, no harm into that; only new UEs can exploit the new field and no change in any legacy computation is needed. Note that Solution 2 doesnt change the definition of any field that a legacy UE understand. However, Solution 1 changes the definition of already specified fields. 

	Huawei, HiSilicon
	
	Reply to QC:
Rel-16 LPP is mainly targeting TN for RAT-dependent positioning, we do not think optimizing the case for NTN is needed for Rel-16 LPP.
It is not clear how UE based positioning in NTN can work even if we go with Solution 2 with the current NTN architecture. If NTN has any need to support RAT-dependent UE-based positioning, the respective WI can bring the Cat-B CR in Rel-18, rather than fixing something in an earlier release to resolve only partially something in Rel-18.

	Nokia/NSB
	Solution 1
	We prefer solution 1 which avoids the need for new signaling. Agree with Huawei that Rel-16 does not target NTN so no need to optimize for that case specifically. 

	ZTE
	No change
	We share the similar view as Huawei, vivo and Nokia. The UE implementation can be solve this issue if NTN is not used. UE just tries two values ( integersubframeoffset or integersubframeoffset - 1) when it finally calculates the real RSTD. Which one is correct one depending on the calculated RSTD beyond {-0.5ms, 0.5ms} or not.
In such case, we feel any change is not needed at all. It will be up to UE implementation to use ( integersubframeoffset or integersubframeoffset -1)  anyway for real RSTD calculation. Fro network side, integersubframeoffset can be configured with the real value or the real value +1. 
Hence, we think nothing is needed for this issue. 

	CATT
	1 or 2, slightly prefer 1.
	In our view, both solution 1 and solution 2 can work well and solve this issue of UE calculation of the DL-PRS search window center, considering the inter-site distance in the real Terrestrial RAT deployment would no larger than 100Km.
We can accept either solution 1 or solution 2 and we don’t have strong preference on them. We slightly prefer solution 1 because it seems that solution 1 may have less specification impact, since it will not introduce additional signaling, and only change the definition of the subfield integerSubframeOffset in the field  nr-DL-PRS-SFN0-Offset.
.

	FL Reply
	
	To ZTE’s comments:
· “[ZTE] Fro network side, integersubframeoffset can be configured with the real value or the real value +1.”
For the network to do that, you mean that you support Solution 1 change. The network cannot do what you are saying in the current specification. Could you please clarify your response?

	ZTE
	
	To FL  Although the current spec says ‘rounded down’, how much value of integersubframeoffset  informing UE is still up to network, that is because the parameter of integersubframeoffset   is not used for anywhere else. If majority more prefer solution 1, we are fine to go for it. 





ROUND 1 Outcome
Observations from the moderator: 
Supported companies of Solution 1
· Huawei, HiSilicon, Nokia, CATT, vivo, ZTE (can accept Solution 1)
Supported companies of Solution 2
· Qualcomm

ROUND 2

Seems there is majority to support Solution 1, so Solution 1 is proposed to be used for a draft LS to RAN2. Specifically: 

Proposal 1: Send an LS to RAN2 with the following content:
· It is RAN1 understanding that sfn-Offset and integerSubframeOffset in NR-DL-PRS-SFN0-Offset is not required to be specified as round-down or round-to-the-closest, but should be set a value by the network to ensure that the UE assumption is correct when to determine the search window centre. The definition of sfn-Offset and integerSubframeOffset could be changed to reflect that intention.
Proposal 2: Include the following text proposal in the LS to RAN2 as an example of a potential change in TS 37.355:
	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 corresponds to the number of full subframes 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.

NOTE: 	Network shall set the value in accordance with the defined search window for the target device using nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty

	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] centred at TREF+1 millisecondN+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.



Please provide any concerns for Proposal 1 or 2.
Companies views
	Company
	Concerns for Proposal 1 or 2
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