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Introduction
In this contribution, we will provide our view on finalizing PRS, including
· Remaining issues of PRS processing capability
· PRS configuration priority
· LTE-NR PRS processing

Remaining issues of PRS processing capability
Additional capability without measurement gap
Since RAN4 specifies the condition when UE requests MG and when UE does not request MG, we think whether to request a MG is not up to UE implementation. Therefore, a separate processing capability with measurement gap should be defined, to avoid UE reporting too conservative value for the capability with MG that is also going to cover the potential handling of PRS without MG.
To address the PRS processing capability without MG, a similar X% measurement window duty cycle should be assumed, so that PRS is localized as much as possible.
Proposal 1: Support reporting another UE processing capability (N, T) assuming without measurement gap, where N ms PRS is within a measurement window whose duty cycle is X%.
· If UE does not report this capability, UE does not support PRS processing without MG.

Periodicity restriction
Since periodicity is configured per PRS resource set, instead of positioning frequency layer, it is possible that
· PRS transmitted from one TRP has a different periodicity from that from another TRP
· Different PRS resource sets have different periodicities within a TRP
Both two cases will add additional work to determine the nominal PRS periodicity for selecting P. 
Figure 1 shows the PRS resource allocation with one PRS resource set having periodicity P0, while the remaining two having 2P0.
If UE can process N ms PRS for every P0 ms, i.e. T=P0, the K ms PRS positions will be different for different P=P0 windows. If the periodicity of gap is P0, the gap offset and gap length should be properly selected to cover different position of K ms PRS duration, otherwise the gap offset will be different for different periods, shown in Gap pattern 1 in Figure 1.
If UE can process N ms PRS for every 2P0 ms, i.e. T=2P0, UE will not be able to process PRS resource set #1 and PRS resource set #2 simultaneously simply because the span of PRS resources within a P=2P0 window is too large to be restricted in a gap. If the periodicity of gap is 2P0, and UE is only expected to process resource set #0 and resource set #1 in one gap duration, and resource set #0 and resource set #2 in another gap duration, the gap offset will also be different for different gap period, as shown in Figure 1.
In either case, it will be difficult to reach a common understanding between UE and LMF what resource should be measured using which gap pattern.
[image: ]
[bookmark: _Ref40184593]Figure 1 Example of PRS with different periodicity on a positioning frequency layer
Meanwhile, RAN4 is also discussing measurement latency requirement, in which periodicity of PRS plays an essential role.
To simplify this, our preference would be that for Rel-16, the periodicity of all PRS resource sets within a positioning frequency layer should be the same, and we let P be that periodicity. We may still keep the configuration of periodicity under PRS resource set without changing the current ASN.1 structure. 
Proposal 2: The periodicity of all PRS resources within a positioning frequency layer should be the same for Rel-16, and P is selected to be the periodicity.

Discussion about X%
In LTE, we have the following restriction of the PRS transmission within a frequency layer (same EARFCN). [2]
	prsInfo
This field specifies the first PRS configuration of the neighbour cell.
When the EARFCN of the neighbour cell is the same as for the assistance data reference cell, the target device may assume that each PRS positioning occasion in the neighbour cell at least partially overlaps with a PRS positioning occasion in the assistance data reference cell where the maximum offset between the transmitted PRS positioning occasions may be assumed to not exceed half a subframe.
When the EARFCN of the neighbour cell is the same as for the assistance data reference cell, the target may assume that this cell has the same PRS periodicity (TPRS) as the assistance data reference cell.


As the number of consecutive PRS subframes is at most 6 subframes as specified in Rel-9, a general assumption for LTE PRS buffering would be that a 6-ms window repeated at least every 160ms will cover all PRS in the frequency layer with the assistance data reference cell.
Therefore, we recommend such a 6ms window with 160ms periodicity should at least be adopted when determining the value of X%.
Proposal 3: At least T=160ms and MGL=6ms should be supported.
We agreed the following candidate values of (N, T) in the UE capability [1]
· The following sets of values for N, T and B are supported
· Values for N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for T = {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
Assuming the gap period is the same the reported value T, we have the following recommendation of X%.
· For T smaller than 160 ms, and N smaller than 6 ms, the maximum gap duration 6 ms, which mean X% = 6/T
· For T smaller than 160ms, and N larger than 6ms, the maximum gap duration is N ms, which means that X% = N/T
· For T larger than 160ms, X% is the larger one between 3/80 and N/T.
We can write X% with the following equation.

Proposal 4: Adopt X% calculation via 
In addition, we would like to mention that regardless of whether the capability is defined for with MG or for without MG, the X% window should appear periodically, any PRS resources outside the X% window is not expected to be processed by the UE.
Proposal 5: UE is only expected to process the PRS within the X% window, regardless of whether the capability is defined for with MG or for without MG.

Discontinuous PRS processing
It is assumed that network may provide more PRS than UE can process within a T ms period, shown in the following Figure 2. UE reports it can process 2ms PRS every 40ms with the type 2 duration calculation. The assistance data contains three PRS resources with 160ms, and each of the resources have 2 slots repetition, and the total duration within 160ms is 4ms, which based on UE capability indicates more than UE can do.
As has been observed in  earlier discussions, UE can do round-robin, e.g. 2ms processing in the first 160ms (which actually only requires 40ms processing time and 120ms idle for positioning), and another 2ms in the second 160ms. [image: ]
[bookmark: _Ref40359880]Figure 2 Illustration of discontinuous PRS processing
However, if UE does round-robin processing, PRS#2 will be split with the 1st slot processed in the first 160ms and 2nd slot in the second 160ms. It is not possible to coherently combine those two parts because firstly the channel condition may change, and secondly the UE buffer is flushed. And therefore it suggests that the performance requirement of PRS#2 with 2-slot repetition may not be met.
To avoid overcomplicating UE selection, we suggest network to provide guidance on how those resources are processed, through either one of the two alternatives:
· Alt.1: LMF provides resource selection in the measurement request message, indicating one or multiple groups of TRPs/PRS resource sets/PRS resources, and UE expects that the PRS resources within the group is within its processing capability.
· UE does round-robin processing among groups.
· Alt.2: LMF provides one or multiple measurement windows in the measurement request messages, indicating that the PRS resources within the window should be measured, and UE expects that the PRS resources within each measurement window is within its processing capability.
· UE does round-robin processing among measurement windows.
· The timing of the measurement window should be based on the serving cell.
· This is similar to a SMTC for PRS measurement.
We slightly prefer Alt.1 as it is more straightforward.
Proposal 6: Support LMF to provide resource selection in the measurement request message, indicating one or multiple groups of TRPs/PRS resource sets/PRS resources, and UE expects that PRS resources within the group is within its processing capability.
· Send an LS to RAN2 and RAN4.

TP to capture PRS processing capability
One way of connecting (K, P) and (N, T) is through RAN4 requirement so that the impact on the latency implicates the UE is capable of one shot processing of PRS configuration with (K, P) if (K, P) is within UE reported capability (N, T). However, a better way is to capture that description in RAN1 so that from UE/LMF implementation perspective, it is clear what the capability reporting means.
Therefore, we have the following TP to capture the previous agreement and a simple connection between (K, P) and (N, T).
Proposal 7: Endorse the following TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
For the purpose of DL PRS processing capability, the duration K msec of DL PRS symbols within any P msec window, is calculated by
-	Type 1 duration calculation with

-	Type 2 duration calculation with

-	S is the set of slots of a serving cell within the P msec window in the positioning frequency layer that contains potential DL PRS resources considering the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets.
-	For Type 1,  is the smallest interval in msec within slot  corresponding to an integer number of OFDM symbols of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot , where the interval  considers the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets (target and reference).
If UE reports (N, T) through UE capability, and if there exists a P msec periodic window, in which the duration K within each periodic occasion is calculated with the duration type 1 or type 2 based on UE capability [XX] that satisfies the following conditions
-	
-	
-	The spam of the set of slots  can be covered by a time domain window with a periodicity P and with the duration , where 
-	The number of resources in each slot in the set of slots  does not exceed the UE capability provided by the higher layer parameter [XX]
UE is capable to process all PRS resources within the set of slots .
===================== Unchanged parts omitted ======================

PRS configuration priority
In NR, as PRS resources are configured for each positioning method, which is different from UE PRS resource capability, we consider this should be a limit that UE can process in total. It means that configurations exceeding UE PRS resource capability is not expected to be processed at all, while for PRS resource capability round-robin can be used so that an extended processing time can ensure every resource is processed in the end.
In LTE OTDOA positioning, neighbor cell information is provided for UE to perform the PRS measurement. If UE is not capable of supporting additional neighbor cells, the set of cells is grouped in one frequency layer and in the decreasing order of priority for measurement to be performed by UE, with the first cell in the list being the highest priority. If UE is capable of supporting additional neighbor cells, the list may contain all cells (up to 3x24 cells) belonging to the same frequency layer or cells from different frequency layers with the first cell in the list being the highest priority [2].
So we propose to capture the understanding regarding to the UE capability in TS 38.214 to clarify the action of the UE processing PRS resources. 
Proposal 8: Endorse the following TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
If UE reports DL PRS resource capability for a positioning method in higher layer parameters [XX], and if UE is provided by the higher layers to receive PRS, UE is only expected to measure the DL PRS resources selected according to the following steps:
-	Step.1 Select the first [X1] positioning frequency layers that does not exceed the higher layer parameter [YY1];
-	Step.2 Select the first [X6] positioning nodes within all [X1] positioning frequency layers that does not exceed the higher layer parameter [YY6];
-	Step.3 Select the first [X3] DL PRS resource sets within each positioning node on each positioning frequency layer from the X6 positioning nodes that does not exceed the higher layer parameter [YY3];
-	Step.4 Select the first [X4] DL PRS resources within each DL PRS resource sets from the [X3] DL PRS resource sets that does not exceed the higher layer parameter [YY4];
-	Step.5 Select the first [X7] DL PRS resources in the order of positioning node, DL PRS resource set, and DL PRS resource within a positioning frequency layer so that they do not exceed the higher layer parameter [YY7];
-	Step.6 Select the first [X5] DL PRS resources in the order of positioning frequency layer, positioning node, DL PRS resource set, and DL PRS resource across all positioning frequency layers so that they do not exceed the higher layer parameter [YY5].
===================== Unchanged parts omitted ======================

We use the following example to show the resource selection procedure:
· Assuming the assistance data for PRS resources within a positioning method is as follows:
· Number of frequency layers is 4.
· Number of TRPs per frequency layer is 2.
· Number of resource sets per TRP is 2.
· Number of resources per resource set is 4. 
· The parameters describing UE PRS resource capability are shown in Table 1. 
· UE PRS resources selection according to UE capability is show in Figure 3 with the selected ones in each step are highlighted in red box.
· Step 1, all TRPs of all frequency layers are selected since X1=4. 
· Step 2, the first 4 TRPs are selected according to X6. 
· Step 3 and 4, the PRS resources are selected according to X3 and X4 with the order of the configured list. The number of selected PRS resources corresponding to 2 frequency layers is 8, and each frequency layer contain 4 PRS resources. 
· Step 5, the number of PRS resources per frequency layer (X7) is equal to the number of the selected PRS resources in Step 4, so the selected ones stay the same.
· Step 6, the first 4 PRS resources are selected according to X5.
· In the end, the selected PRS resources are corresponding to two TRPs within the first frequency layer.

[bookmark: _Ref40283668]Table 1 Example of UE PRS resource capability
	Description
	Value

	Max number of frequency layers (X1)
	4

	Max number of PRS resource sets per TRP per frequency layer (X3)
	1

	Max number of Resources per PRS resource set (X4)
	2

	Max number of DL PRS resources per UE (X5)
	4

	Max number of TRPs for all frequency layers (X6)
	4

	Max number of Resources per frequency layer (X7)
	4



[bookmark: _Ref40283619][bookmark: _Ref40283601][image: ]Figure 3 Example of PRS resources selection according to UE capability
Based on the analysis of the above example, we have the following observation:
Observation 1: The final selected PRS resources may be belong to the TRPs that are fewer than the TRPs selected only using X1 and X6. It will be up to UE implementation for these additional TRPs.

LTE-NR PRS processing
The motivation of introducing parallel processing of LTE PRS and NR PRS is that for a capable UE, if both LTE PRS and NR PRS are configured, the requirements on LTE PRS specified in TS 36.133 and the requirements on NR PRS specified in TS 38.133 will be met simultaneously, and otherwise for an incapable UE.
This will be helpful for UE vendors to develop DL positioning features in 2 stages; for example, in the first stage, UE will set the capability to 0 so that a basic UE can process either LTE PRS or NR PRS at a time, and then in the second stage, UE may set the capability to 1 so that network can trigger both LTE OTDOA and NR DL/RTT positioning at the same time.
However, as there has been no consensus on introducing this capability, we suggest to clarify the understanding that supporting parallel processing of LTE PRS and NR PRS should not be taken for granted, and UE is not expected to support it.
Proposal 9: UE is not expected to support parallel LTE PRS and NR PRS processing.
Proposal 10: Endorse the TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
The UE does not expect to process the DL PRS in the same symbol where other DL signals and channels are transmitted to the UE when there is no measurement gap configured to the UE.
The UE does not expect to process the DL PRS and LTE PRS simultaneously within an LPP session or in overlapping LPP sessions [17, TS 37.355].
===================== Unchanged parts omitted ======================

Conclusion
In this contribution, we have the following proposals.
Observation 1: The final selected PRS resources may be belong to the TRPs that are fewer than the TRPs selected only using X1 and X6. It will be up to UE implementation for these additional TRPs.
Proposal 1: Support reporting another UE processing capability (N, T) assuming without measurement gap, where N ms PRS is within a measurement window whose duty cycle is X%.
· If UE does not report this capability, UE does not support PRS processing without MG.
Proposal 2: The periodicity of all PRS resources within a positioning frequency layer should be the same for Rel-16, and P is selected to be the periodicity.
Proposal 3: At least T=160ms and MGL=6ms should be supported.
Proposal 4: Adopt X% calculation via 
Proposal 5: UE is only expected to process the PRS within the X% window, regardless of whether the capability is defined for with MG or for without MG.
Proposal 6: Support LMF to provide resource selection in the measurement request message, indicating one or multiple groups of TRPs/PRS resource sets/PRS resources, and UE expects that PRS resources within the group is within its processing capability.
· Send an LS to RAN2 and RAN4.
Proposal 7: Endorse the following TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
For the purpose of DL PRS processing capability, the duration K msec of DL PRS symbols within any P msec window, is calculated by
-	Type 1 duration calculation with

-	Type 2 duration calculation with

-	S is the set of slots of a serving cell within the P msec window in the positioning frequency layer that contains potential DL PRS resources considering the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets.
-	For Type 1,  is the smallest interval in msec within slot  corresponding to an integer number of OFDM symbols of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot , where the interval  considers the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets (target and reference).
If UE reports (N, T) through UE capability, and if there exists a P msec periodic window, in which the duration K within each periodic occasion is calculated with the duration type 1 or type 2 based on UE capability [XX] that satisfies the following conditions
-	
-	
-	The spam of the set of slots  can be covered by a time domain window with a periodicity P and with the duration , where 
-	The number of resources in each slot in the set of slots  does not exceed the UE capability provided by the higher layer parameter [XX]
UE is capable to process all PRS resources within the set of slots .
===================== Unchanged parts omitted ======================
Proposal 8: Endorse the following TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
If UE reports DL PRS resource capability for a positioning method in higher layer parameters [XX], and if UE is provided by the higher layers to receive PRS, UE is only expected to measure the DL PRS resources selected according to the following steps:
-	Step.1 Select the first [X1] positioning frequency layers that does not exceed the higher layer parameter [YY1];
-	Step.2 Select the first [X6] positioning nodes within all [X1] positioning frequency layers that does not exceed the higher layer parameter [YY6];
-	Step.3 Select the first [X3] DL PRS resource sets within each positioning node on each positioning frequency layer from the X6 positioning nodes that does not exceed the higher layer parameter [YY3];
-	Step.4 Select the first [X4] DL PRS resources within each DL PRS resource sets from the [X3] DL PRS resource sets that does not exceed the higher layer parameter [YY4];
-	Step.5 Select the first [X7] DL PRS resources in the order of positioning node, DL PRS resource set, and DL PRS resource within a positioning frequency layer so that they do not exceed the higher layer parameter [YY7];
-	Step.6 Select the first [X5] DL PRS resources in the order of positioning frequency layer, positioning node, DL PRS resource set, and DL PRS resource across all positioning frequency layers so that they do not exceed the higher layer parameter [YY5].
===================== Unchanged parts omitted ======================
Proposal 9: UE is not expected to support parallel LTE PRS and NR PRS processing.
Proposal 10: Endorse the TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
The UE does not expect to process the DL PRS in the same symbol where other DL signals and channels are transmitted to the UE when there is no measurement gap configured to the UE.
The UE does not expect to process the DL PRS and LTE PRS simultaneously within an LPP session or in overlapping LPP sessions [17, TS 37.355].
===================== Unchanged parts omitted ======================
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