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1 	Introduction
[bookmark: _Hlk39586706]In the last RAN4 meeting, UE PRS RSTD requirements were discussed, and some agreements achieved [1]. In this contribution beside some important requirements for PRS measurement requirements presented in [2] we will also provide further considerations on open issues below [1]. 
· SINR side condition
· Definition of intra and inter-frequency  
· Measurement period requirements
· Remaining issue for RSTD report mapping (e.g. Configuration parameter “k” for the reporting granularity)
· Scheduling restriction

2 SINR Side Condition
In the last meeting the following agreement for PRS RSTD measurement SINR side condition was achieved[1].
	· Side condition for PRS-RSTD in FR2 to be:
· Option 1. -3 dB for reference and -10 dB for neighbor cells
· Option 2: Same as FR1



In principle the SINR side condition applied shall be up to the probability that UE can detect the sufficient neighbor cells for the measurements. Thus from the results of the system level simulation provided in R4#93 [3][4][5] for FR2 more than 95% UEs can hear > 2 strongest cells/TRPs when SINR of reference cell and neighbor cells are up to -6dB and -13dB respectively.
However, in the last meeting, some concerns were raised because of the worse measurement performance with the SINR side condition of Option 1 especially under TDL-C propagation channel. Therefore, we also provide some simulation results for FR2 with SINR below. 
· Option 1: PRS Es/Iot = -6 dB for reference and PRS Es/Iot = -13 dB for neighbour 
The other simulation assumptions can be found in [6] also.

The simulation results for FR2 is given in Figure 1 below.
[image: ]  
Figure 1. RSTD simulation results in FR2

From the results in Figure 1, it was noted the performance of PRS RSTD can be quite diverse depending on UE detection algorithm. For an example, if the first arrived path in case of multiple path can be detected correctly, RSTD performance can achieve significant improvements.    
[bookmark: _Hlk37427339]Observation 1: RSTD measurement accuracy will be less than [-40.69ns, 89.51ns] under TDL-C propagation channel.
In comparison with existing LTE requirements (e.g. minimum RSTD error required is about 128ns (4Ts) [7]), NR PRS-RSTD measurement performance with SINR=[-6,-13]dB for reference cell and neighbor cells in FR2 can be much better to meet the LTE’s RSTD measurement accuracy requirements. 
Therefore, it is safe to propose that:
[bookmark: _Hlk37427345]Proposal 1: SINR side conditions for PRS-RSTD in FR2 can be
· PRS Es/Iot = -6 dB for reference cell and 
· PRS Es/Iot = -13 dB for neighbor cells

3 Intra/Inter-frequency PRS Measurement Definition
[bookmark: _Hlk37362586]In the latest RAN4 meeting, the following agreements on the definition of intra/inter frequency PRS measurement were achieved in [1]. 
	· RAN4 to define intra-frequency and inter-frequency RSTD measurements and the corresponding requirements
· Candidate options for definition of intra-/inter-frequency:
· Option 1. Intra-frequency RSTD measurement is defined as when the neighbor DL PRS resource and the reference DL PRS resource belong to the same positioning frequency layer. Otherwise, the RSTD measurement is inter-frequency. 
· Option 2. Intra-frequency RSTD measurement is defined when neighbour DL PRS resource and reference DL PRS resource belong to the same positioning frequency layer, and the BW of the positioning frequency layer is within the BW of UE’s active DL BWP, and SCS and CP of the positioning frequency layer are the same as those of  UE’s active DL BWP. Otherwise, the RSTD measurement is inter-frequency. 
· Option 2a. Intra-frequency RSTD measurement is defined when the DL PRS resources to be measured, including reference cell and neighbor cell, have the same center frequency, SCS and CP type as serving cell and the BW of these PRS are all within the active BWP. Otherwise, the RSTD measurement is inter-frequency measurement. 
· Option 3. Intra-frequency RSTD measurement: the center frequency of PRS BW is the center frequency of a serving cell SSB and has the same SCS as that of the serving cell SSB, otherwise it is inter-frequency. MG may be needed for intra- or inter-frequency, depending on whether or not the PRS BW is within the active BWP (NOTE: for RSTD, the above conditions are met for both reference and the other DL links) 
· Option 4. Intra-frequency PRS measurement is defined when the BW of the PRS layer is confined within the UE active BWP. Otherwise, the PRS measurement is inter-frequency. 



[bookmark: _Hlk37427632]Generally, in our views all of these options can clearly define the intra/inter frequency PRS measurement with their own ways. However, in comparison with other candidates, Option 1 can be most simple way, by which the intra-frequency measurement could be identified when the measurement frequency layers for the reference cell and the neighbour cells are same. Similar definitions for LTE and NR SSB measurement can be also found in TS36.300 [8] for CSIR-RS measurement and TS38.133 [9] for SSB measurement. Thus, for the consistence with the previous intra/inter frequency layer definition in LTE and NR Rel15, the similar approach shall be considered. 
	For CSI-RS based discovery signals measurements, "cell" should be interpreted as "transmission point of the concerned cell" in the following descriptions.
Intra-frequency neighbour (cell) measurements, inter-frequency neighbour (cell) measurements and inter-RAT measurements are defined as follows:
-	Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell operates on the same carrier frequency.
-	Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell operates on a different carrier frequency, compared to the current cell.




	9.2	NR intra-frequency measurements
9.2.1	Introduction
A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.




Additionally, in the last RAN4 meeting, the definition of intra/inter CSI-RS L3 measurement was agreed as [11]:
	· When CSI-RS resource of serving cell is available
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
· the SCS of CSI-RS on the serving cell and neighbor cell is the same, and
· the CP type of CSI-RS on serving cell and target cell is the same, and
· It is applied for SCS = 60KHz
· Option 1 (Intel, MTK, Huawei, Apple, OPPO)
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated in servingCellMO
· Option 2 (ZTE, QC, CATT, NEC, Nokia, DOCOMO)
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell
· Common understanding: centre frequency of CSI-RS resource on the serving cell is indicated in servingCellMO
· CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement if it is not a CSI-RS based intra-frequency measurement




[bookmark: _Hlk40456932]Observation 2: For CSI-RS L3 measurement in NR Rel16, the dimension of active BWP was decoupled from the intra/inter measurement definitions.
In short summary, as we proposed before, it is more important to keep the consistent way to define intra/inter measurement in RAN4. For an example, the most important criteria to define intra/inter measurement is whether the measured neighbor cells (general MO) is located in the same central frequency as the serving (reference) cells. Regarding to the existing definition of the positioning frequency layer agreed in RAN1, the option 1 in [1] is the most suitable way to clearly define intra/inter PRS measurement which is aligned the other measurement in NR.
[bookmark: _Hlk40456925][bookmark: _Hlk37430307]Observation 3: It is more straightforward to define of intra/inter-frequency PRS measurement with consistent approaches as other LTE and NR measurement. That is the intra/inter PRS-RSTD measurement can be defined independently with UE active BWP also. 
Secondly, other important reasoning to support Option 1 is the way of Option 1 can easily distinguish the measurement report period requirements for intra and inter RSTD measurement. It is better to rely on the positioning frequency layer to define the inter/intra measurement. Otherwise when define the requirements which are different for the inter/intra measurement, it will introduce more confusion. For an example, the measurement delay for inter-frequency will be scaling by the number of layers, but not for the intra-frequency RSTD measurement.
[bookmark: _Hlk40457048]Observation 4: With the definition of intra/inter RSTD measurement by Option 1 [1], the measurement delay requirements for them can be easily separated. 
[bookmark: _Hlk37362778]Initially the main purpose to define the intra and inter frequency measurement is to differentiate whether a measurement is non-gap or gap-assisted for UE exactly like the scenarios in LTE [8]. Thus, we also give more examples of the typical measurement scenarios regarding to the gap applicability with the intra/inter frequency measurement definition of Option 1 below. 
a) intra-frequency without gap 
From RAN4 perspective, if the reference cell is same as the serving cell in NR positioning measurement the intra-frequency can be given in Figure 2 below.



Figure 2. Non-gap intra-frequency PRS measurement
It shall be noted when PRS bandwidth is larger than the bandwidth of BWP of serving cell, UE can perform the PRS measurement with the best effort over the wider PRS bandwidth if no gap is requested. 
b)  intra-frequency with gap
If the central frequency of reference cell is different with that of the serving cell in NR positioning measurement the intra-frequency can be given in Figure 3 below. That is UE needs to switch its RF operation to other frequency which is different that of UE serving cell. It is normally to request the measurement gap by UE. 


Figure 3. Gap-assisted intra-frequency PRS measurement

c) inter-frequency with gap 
For inter-frequency PRS measurements, there are multiple measurement layers in the different central frequency. UE also needs request the measurement gap during switching to other RF carriers for PRS measurement indeed. 



Figure 4. Inter-frequency PRS measurement
Furthermore, in the last meeting, the measurement gap needed regarding to FR1/FR2 was discussed also but without consensus.
	Measurement gap for PRS measurement
· Further discuss when measurement gap is needed for PRS measurement in FR1 and FR2
· Further discuss applicability of R15 measurement gap patterns to NR positioning




Some companies proposed that the measurement gap for FR2 was always needed. The argument to support this option is RX beam sweeping is needed for FR2. However, we disagree with this view. Firstly, from UE implementation perspective whether the measurement gap is needed or not can not depend on frequency range but UE’s capability on RF operations (e.g. to handle the different MOs with the different SCS, central frequency, active BWP). Secondly, in order to avoid the potential interruption due to Rx beam sweeping, the scheduling restriction on DL transmission is better solution.
[bookmark: _Hlk40458800]Observation 5: When measurement gap is needed for PRS measurement shall not rely on FR1/FR2. 
Therefore, we can safely conclude that:
[bookmark: _Hlk37430360]Proposal 2: Regarding to the consistent definitions for NR measurement, the intra/inter frequency PRS measurement can be defined as:
	[bookmark: _Hlk40459110]
	Definition
	Need gap or Not

	intra-frequency 
	[bookmark: _Hlk40390462]DL PRS resources of all measured reference/neighbor/serving cells/TRPs have
· same SCS and CP type
· same centre frequency
· same point-A 
· same configured PRS BW
	NO: If BW of PRS to be measured is contained in the active BWP.

	
	
	Yes: If BW of PRS to be measured is not contained in the active BWP.

	inter-frequency 

	DL PRS resources of the measured neighbor/reference/serving cells/TRPs is different in any of
· SCS and CP type
· centre frequency
· point-A 
· configured PRS BW

	Yes




4 Measurement Reporting Delay
With respect to the reporting requirements for the OTDoA measurement in E-UTRA [10] below, the delay requirement of DL PRS RSTD will depend on number of factors which will be addressed below: DL PRS Ês/Iot, the number of positioning occasions and the number of consecutive subframes, periodicity of positioning occasions, measurement sampling rate, measurement bandwidth, beam management, and other network assistance information, etc. 
	8.1.2.5 E-UTRAN FDD Intra-Frequency OTDOA Measurements
When the physical layer cell identities of neighbour cells together with the OTDOA assistance data are provided, the UE shall be able to detect and measure intra-frequency RSTD, specified in TS 36.214 [4], for at least n=16 cells, including the reference cell, on the same carrier frequency f1 as that of the reference cell within  ms as given below (see also Figure 8.1.2.5.1-1):
       ,
where
 is the total time for detecting and measuring at least n cells,
 is the cell-specific positioning subframe configuration period as defined in TS 36.211 [16],
 is the number of PRS positioning occasions as defined in Table 8.1.2.5.1-1, where  each PRS positioning occasion comprises of  (1≤≤6) consecutive downlink positioning subframes defined in TS 36.211 [16], and
 =  ms is the measurement time for a single PRS positioning occasion which includes the sampling time and the processing time.
Table 8.1.2.5.1-1: Number of PRS positioning occasions within 
	Positioning subframe configuration period 
	Number of PRS positioning occasions 

	
	 f1 Note1
	f1 and f2 Note2

	160 ms
	16
	32

	>160 ms
	8
	16

	Note 1: When only intra-frequency RSTD measurements are performed over cells belonging to the serving FDD carrier frequency f1.
Note 2: When intra-frequency RSTD and inter-frequency RSTD measurements are performed over cells belonging to the serving FDD carrier frequency f1 and one inter-frequency carrier frequency f2, respectively. 



The UE physical layer shall be capable of reporting RSTD for the reference cell and all the neighbor cells i out of at least (n-1) neighbor cells within  provided:
-6 dB for all Frequency Bands for the reference cell,
-13 dB for all Frequency Bands for neighbour cell i,
 and   conditions apply for all subframes of at least  PRS positioning occasions,
PRP 1,2|dBm according to Annex B.2.5 for a corresponding Band

 is defined as the ratio of the average received energy per PRS RE during the useful part of the symbol to the average received power spectral density of the total noise and interference for this RE, where the ratio is measured over all REs which carry PRS.



Particularly from UE implementation perspective, when considering the measurement period, some complexity aspects should be accounted. Typically, there are several implementation aspects below which shall be taken count into:
a) RSTD measurements cannot be processed in real time, thus some limited buffering of data and correlation results is needed. 
b) [bookmark: _Hlk37430407]Furthermore, as discussed in context of L1 measurement period for the RSTD, it should be set so that it allows UE to do the measurements and calculations also in serial manner, rather than requiring all the cells being processed simultaneously to alleviate the processing and memory consumption requirements.  

At same time, in the last RAN1 meeting, UE capability for PRS processing and buffering was agreed as [12]:
	Proposal 1
· For the purpose of DL PRS processing capability, the duration of DL PRS symbols (K) in ms within any P msec window, is calculated by
· Type 1 duration calculation with
· 
· 
· Type 2 duration calculation with 
· 
· where 
· Type 1 or Type 2 is reported as UE capability,
·  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 (target and reference).
· for Type 1, is smallest interval in ms 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. 
· 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).




As UE capability on PRS processing depends on the definition of duration(e.g. Type1 and Type2) below, the measurement delay requirements can be defined regarding to type duration calculation. 
	· Type 1 duration calculation with
· 
· 
· Type 2 duration calculation with 
· 




That is,
[bookmark: _Hlk40459534]Observation 6: PRS RSTD measurement delay requirements can be determined by:
· the periodicity of DL PRS resource 
· the maximum number of DL PRS resources which UE can process within a PRS occasion 
· UE capability on PRS processing

Regarding to the maximum number of PRS process within a PRS periodicity, obviously it depends on UE capability defined by RAN1 [12] as below. 
	Proposal 2
· For UE DL PRS processing capability,
· UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
· Additionally, UE reports new parameter – number of DL PRS resources that UE can process in a slot, which is reported per SCS per band. Values {1, 2, 4, 8, 12, 16, 32, 64}
· 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
· Values for maximum BW reported by UE = {5, 10, 20, 40, 50, 80, 100, 200, 400} MHz

Proposal 3
· The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Proposal 4
· UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)




That is given the specific PRS resource with configuration (,  ) the processing time for PRS resources within a PRS periodicity ( , which denoted as  in symbol or slot up to defitnion of duration time, can be conducted by:
 if <B            (1)
Where in 
UE DL PRS processing capability is represented by {N,T, B},
 is the period of PRS resource.
Consequentially, the number of PRS periods need for a PRS occasion can be denoted by :

        (2)
Where in, 
the total PRS resource numbers measured by UE is in unit symbol or slot up to the definition of duration time for UE PRS processing capability.
Thus for the measurement delay per PRS measurement layer can be:
    (3)
[bookmark: _Hlk40459521]Observation 7: PRS RSTD measurement period for a single positioning frequency layer (e.g. ith layer) can be :
  (4)
Where in, 
·  is the PRS resource set periodicity,
·  is the number of PRS periods need for all PRS resource ()  for a PRS occasion
     (5)

·  if <
· UE DL PRS processing capability is indicated by {, for the i th PRS positioning frequency layer [12]

Beside the discussion on the basic measurement period per a PRS layer, more open issues shall be considered below.
1) Whether or how to extend the measurement period to account for Rx beam sweeping in FR2
In the last meeting it was discussed whether or how to extend the measurement period to account for Rx beam sweeping in FR2. In our view, UE behaviour to support the PRS measurement in case of RX beam sweeping can be quite similar as that of SSB-based RRM. For an example, for a UE supporting FR2 power class 1, KPRS_RXBeam = 8 and for a UE supporting power class 2/3/4, KPRS_RXBeam = 24/5.  
[bookmark: _Hlk40459611]Observation 8: The scaling factor for PRS measurement delay due to RX beam sweeping can be same as of these of SSB-based RRM measurement in Rel 15. 
2) Measurement period for more than one frequency layer
If UE needs to be able to perform the measurement on the multiple positioning frequency layer at the same time, the processing complexity and memory consumption can easily become multiple of the number of layers to be considered, unless some limitations are set. As RAN1 agreed “UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16”, the total measurement delay on the multiple positioning frequency layer shall be sum of each layer measurement duration totally. 
[bookmark: _Hlk40459661]Observation 9: In case of multiple PRS measurement layers the measurement the measurement delay shall be: 

Where in,
 is the measurement delay for th positioning frequency layer, for which UE processing capability is defined as . It can be calculated by the equation (4).

As a result, if we can define the intra/inter RSTD measurement depending on the positioning frequency layer itself as defined by Proposal 3 in Section 3 above, the number of positioning frequency layer to be measured can be 1 and >1 for intra-measurement and inter-frequency measurement. That is the measurement delay for intra-frequency and inter-frequency RSTD measurements can depends on  and  respectively. 
3) Measurement period extension for the gap sharing
On the other hand, for the intra-measurement with gap and inter-frequency measurement, the measurement delay shall, the scaling factor regarding to the measurement gap sharing shall be counted. In our view, the same scaling factor for the gap sharing as the SSB intra/inter measurement can be applied for RSTD measurement also.
And in order to minimize RAN4 efforts, the equal splitting scheme of gap sharing for NR DL RSTD measurement can be assumed in Rel16. Therefore, we can conclude that:
[bookmark: _Hlk40459743]Observation 10: For RSTD measurement with gap, the measurement delay extension with the similar gap sharing scaling factor as NR SA measurements for the equal splitting gap scheme shall be considered, e.g. 
· CSSFintraRSTD_noMG = CSSFoutside_gap,i is the scaling factor for the SSB-based measurements on the ith carrier frequency as defined in clause 9.1.5.1.2 of TS38.133 [9] for the equal splitting gap sharing scheme only
· CSSFinterRSTD = CSSFwithin_gap,i is the scaling factor for the RSTD measurements on the “i”th positioning frequency layer as defined in clause 9.1.5.2.2 of TS38.133 [9] for the equal splitting gap sharing scheme only


Therefore, we can propose that: 
[bookmark: _Hlk37430420]Proposal 3: The RSTD measurement delay can be defined as:
	Measurement scenario
	Measurement delay

	Intra-frequency measurement w/o gap
	


	Intra-frequency measurement with gap
	


	Inter-frequency measurement 
	



Where in , 
· [bookmark: _Hlk40392379][bookmark: _Hlk40394310] is the index of PRS positioning frequency measurement layer
· 
·  is the number of PRS positioning frequency layers
·  is the PRS resource set periodicity for th PRS positioning frequency layer
·  is the number of PRS periods need for all PRS resource ()  within a PRS resource occasion in the i th PRS positioning frequency layer , which is

·  if <
· UE DL PRS processing capability is indicated by {, for the i th RSTD positioning frequency layer, defined in TS38.214 
·  is the scaling factor for FR2 RX beam sweeping, which is [8] for UE supporting FR2 power class 1 and [24/5] for UE supporting FR2 power class 2/3/4
· CSSFintraRSTD_noMG = CSSFoutside_gap,i is the scaling factor for the SSB-based measurements on the ith carrier frequency as defined in clause 9.1.5.1.2 of TS38.133 [9] for the equal splitting gap sharing scheme only
CSSFinterRSTD = CSSFwithin_gap,i is the scaling factor for the RSTD measurements on the “i”th positioning frequency layer as defined in clause 9.1.5.2.2 of TS38.133 [9] for the equal splitting gap sharing scheme only

4.1. RSTD Measurement Under Cell Change
For RSTD measurement in E-UTRA, when the serving cell is changed (e.g. handover) UE can continue RSTD measurements for those cells if the necessary assistance data is already available for UE. For NR RSTD measurement, the LCS server will forward the assistance data for multiple cells/TRPs which can be heard by UE. Theoretically the target HO cell/TRP is in the list of LCS server to be measured because of its stronger signal quality. In other words, UE can continue PRS measurement in these target cells/TRPs for HO indeed because its good PRS hearablity and available assistance data. 
[bookmark: _Hlk37430457]Observation 11: UE can continue PRS measurement in all target cells/TRPs for HO.
However, the ongoing RSTD measurement during HO may be dropped off if the PRS measurement duration is longer than that of HO processing time. The measurement performance will be impacted by HO interruption also. Both of them will increase the overall PRS measurement delay.
[bookmark: _Hlk37430465]Therefore we can propose that:
Proposal 4:  The total measurement delay when serving cell changed (e.g. HO) can defined as: 

Where 
is the number of times the intra/inter-frequency handover occurs during .
is the time during which the intra/inter-frequency RSTD measurement may not be possible due to intra/inter-frequency handover.
The maximum ‘THO’ is the sum of the processing delay of intra/inter-frequency HO command and additional delay required by the UE to be able to initiate the measurement on the new serving cell. The processing delay requirements for RRC procedure is typically 15ms according to TS38.331. The HO delay can be up to 30 ms (including 10 ms to account for frame uncertainity). 
5 Measurement Report Mapping 
In the last RAN4 meeting, there were significant progress achieved for RSTD reporting mapping below [1].
	· LMF provides a recommended k value (k1). UE selects parameter k (k2) and informs to the LMF. Further discuss the relation between UE selected parameter k2 and network recommended value k1.
· Further discuss for RSTD and UE Rx-Tx time difference reporting:
· Relationship between k1 and k2
· Range of k1 and k2 in FR1
· Agreements on RSTD and UE Rx-Tx time difference report mapping tables captured in LS to RAN2 (R4-2005415)




Hereby, we provide further considerations on the open issues above in this section.
As RAN1’s discussion, k1 was configured by LMF mainly rely on PRS resource bandwidth. Meanwhile, from RAN4 perspective k2 will be selected by UE regarding to the possible performance improvements and power consumption. 
Therefore, in order to allow UE’s flexibility UE can freely decide k2’s value if the applicable measurement accuracy requirement can be guaranteed. 
[bookmark: _Hlk37430570]Proposal 5: LMF and UE can choose k1 and k2 independently from {0,1,2,3,4,5}.

6 Scheduling Restrictions 
In [1] the open issues for PRS scheduling restriction in FR1 was agreed to be FFS.
	· Further discuss scheduling restrictions for PRS symbols in FR1



And in the last meeting, some arguments on this issue are focus on the possible collision among PDSCH/RRM of the serving cell and PRS measurement of the measurement cells indicated by LMF. In our view, it is feasible to perform the PRS measurement if PRS’s BW is contained in serving cell’s active BWP. It is similar as the intra-frequency measurement in LTE and NR FR1. That is under such case, it is unnecessary to apply any PRS symbol scheduling restriction. However, for the non-serving cells to be measured whose SSB is in the same symbols as that of PRS but not in the same BW or central frequency, if the SSB based measurement is prioritized the PRS measurement may be interrupted by the gap for SSB measurement. Therefore, the scheduling restriction regarding PRS symbols in both FR1 and FR2 is needed especially for the non-serving cell’s PBCH/SSB as RAN1 agreements below.
	TS38.214 v16.2.0:
“The UE assumes that for the serving cell the DL PRS is not mapped to any symbol that contains SS/PBCH. If the time frequency location of the SS/PBCH block transmissions from non-serving cells are provided to the UE then the UE also assumes that the DL PRS is not mapped to any symbol that contains the SS/PBCH block of the non-serving cell.”



[bookmark: _Hlk40460278]Proposal 6: The scheduling restriction regarding PRS symbols in both FR1 and FR2 is needed.

7 Conclusion
In this contribution, some considerations on NR PRS RSTD measurement requirements are provided and the following observations and proposals can be drawn: 
Observation 1: RSTD measurement accuracy will be less than [-40.69ns, 89.51ns] under TDL-C propagation channel.
Proposal 1: SINR side conditions for PRS-RSTD in FR2 can be
· PRS Es/Iot = -6 dB for reference cell and 
· PRS Es/Iot = -13 dB for neighbor cells
Observation 2: For CSI-RS L3 measurement in NR Rel16, the dimension of active BWP was decoupled from the intra/inter measurement definitions.
Observation 3: It is more straightforward to define of intra/inter-frequency PRS measurement with consistent approaches as other LTE and NR measurement. That is the intra/inter PRS-RSTD measurement can be defined independently with UE active BWP also. 
Observation 4: With the definition of intra/inter RSTD measurement by Option 1 [1], the measurement delay requirements for them can be easily separated. 
Observation 5: When measurement gap is needed for PRS measurement shall not rely on FR1/FR2. 
Proposal 2: Regarding to the consistent definitions for NR measurement, the intra/inter frequency PRS measurement can be defined as:
	
	Definition
	Need gap or Not

	intra-frequency 
	DL PRS resources of all measured reference/neighbor/serving cells/TRPs have
· same SCS and CP type
· same centre frequency
· same point-A 
· same configured PRS BW
	NO: If BW of PRS to be measured is contained in the active BWP.

	
	
	Yes: If BW of PRS to be measured is not contained in the active BWP.

	inter-frequency 

	DL PRS resources of the measured neighbor/reference/serving cells/TRPs is different in any of
· SCS and CP type
· centre frequency
· point-A 
· configured PRS BW

	Yes




Observation 6: PRS RSTD measurement delay requirements can be determined by:
· the periodicity of DL PRS resource 
· the maximum number of DL PRS resources which UE can process within a PRS occasion 
· UE capability on PRS processing

Observation 7: PRS RSTD measurement period for a single positioning frequency layer (e.g. ith layer) can be :
  (4)
Where in, 
·  is the PRS resource set periodicity,
·  is the number of PRS periods need for all PRS resource ()  for a PRS occasion
     (5)

·  if <
· UE DL PRS processing capability is indicated by {, for the i th PRS positioning frequency layer [12]
Observation 8: The scaling factor for PRS measurement delay due to RX beam sweeping can be same as of these of SSB-based RRM measurement in Rel 15. 
Observation 9: In case of multiple PRS measurement layers the measurement the measurement delay shall be: 

Where in,
 is the measurement delay for th positioning frequency layer, for which UE processing capability is defined as . It can be calculated by the equation (4).

Observation 10: For RSTD measurement with gap, the measurement delay extension with the similar gap sharing scaling factor as NR SA measurements for the equal splitting gap scheme shall be considered, e.g. 
· [bookmark: _Hlk40460126]CSSFintraRSTD_noMG = CSSFoutside_gap,i is the scaling factor for the SSB-based measurements on the ith carrier frequency as defined in clause 9.1.5.1.2 of TS38.133 [9] for the equal splitting gap sharing scheme only
· CSSFinterRSTD = CSSFwithin_gap,i is the scaling factor for the RSTD measurements on the “i”th positioning frequency layer as defined in clause 9.1.5.2.2 of TS38.133 [9] for the equal splitting gap sharing scheme only

Proposal 3: The RSTD measurement delay can be defined as:
	Measurement scenario
	Measurement delay

	Intra-frequency measurement w/o gap
	


	Intra-frequency measurement with gap
	


	Inter-frequency measurement 
	



Where in , 
·  is the index of PRS positioning frequency measurement layer
· 
·  is the number of PRS positioning frequency layers
·  is the PRS resource set periodicity for th PRS positioning frequency layer
·  is the number of PRS periods need for all PRS resource ()  within a PRS resource occasion in the i th PRS positioning frequency layer , which is

·  if <
· UE DL PRS processing capability is indicated by {, for the i th RSTD positioning frequency layer, defined in TS38.214 
·  is the scaling factor for FR2 RX beam sweeping, which is [8] for UE supporting FR2 power class 1 and [4.8] for UE supporting FR2 power class 2/3/4
· CSSFintraRSTD_noMG = CSSFoutside_gap,i is the scaling factor for the SSB-based measurements on the ith carrier frequency as defined in clause 9.1.5.1.2 of TS38.133 [9] for the equal splitting gap sharing scheme only
· CSSFinterRSTD = CSSFwithin_gap,i is the scaling factor for the RSTD measurements on the “i”th positioning frequency layer as defined in clause 9.1.5.2.2 of TS38.133 [9] for the equal splitting gap sharing scheme only
Observation 11: UE can continue PRS measurement in all target cells/TRPs for HO.
Proposal 4:  The total measurement delay when serving cell changed (e.g. HO) can defined as: 

Where 
is the number of times the intra/inter-frequency handover occurs during .
is the time during which the intra/inter-frequency RSTD measurement may not be possible due to intra/inter-frequency handover.
Proposal 5: LMF and UE can choose k1 and k2 independently from {0,1,2,3,4,5}.
[bookmark: _GoBack]Proposal 6: The scheduling restriction regarding PRS symbols in both FR1 and FR2 is needed.
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