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1 Introduction
In RAN4 #94-e meeting, the core requirements of UE measurement for positioning RRM are discussed and a way forward is approved [1]. And following agreements on RSTD measurement have been reached.
Agreements：
· Side condition for PRS-RSTD reference cell in FR1 to be PRS Es/Iot = -6 dB
· Side condition for PRS-RSTD in FR2 to be:
· Option 1: Same as FR1
· Option 2: PRS Es/Iot = -3 dB for reference cell and PRS Es/Iot = -10 dB for neighbor cells
· PRS-RSTD report mapping table(s) are FFS. 
· RAN4 to continue discussion on PRS-RSTD report mapping table(s) in the next meeting considering e.g. the following aspects:
· Uniform vs. non-uniform granularity
· Number of report mapping tables
· Parameter k (where k is a configuration parameter
· Whether UE always can follow signaled k or may need to adjust k
· FFS: whether UE can report its capability of k to NW
· Min/max values of k, and whether they depend on FR1/FR2 and center/edge mapping
· Note: other relevant aspects are not precluded
· RAN4 to define intra-frequency and inter-frequency RSTD measurements and the corresponding requirements
· PRS-RSTD measurement period is FFS
· The RSTD measurement period under handover depends on the number of serving cell changes and on the handover interruption time 
· For PRS-RSTD, PRS-RSRP, and UE Rx-Tx time difference:
· FFS whether RAN4 defines minimum measurement capabilities
· Option 1. RAN4 does not define any minimum measurement capability
· Option 2. RAN4 defines at least some minimum measurement capability (Details FFS)



· Ecat for PRS-RSTD is FFS. 
· Option 1: In DL-TDOA positioning, each PRS-RSTD measurement reporting criterion corresponds to one frequency layer with Ecat = 1 indicating  PRS-RSTD measurement reports according to signaled capabilities. 
· Option 2: Ecat=1 for 
· intra-frequency RSTD measurements, 1 report capable of RSTD measurements and PRS-RSRP measurements (when configured together with the RSTD) on at least TBD PRS resources, per intra-frequency layer.
·  inter-frequency RSTD measurements, 1 report capable of RSTD measurements and PRS-RSRP measurements (when configured together with the RSTD) on at least TBD PRS resources, per inter-frequency layer.
· Option 3 Ecat = 1 for RSTD measurement per positioning session. 
· Option 4. Other options are not precluded.












According to the agreements above, there are still some issues on RSTD measurement remaining to be discussed and agreed. In this paper, we have some discussion on the remaining issues and give our proposals.
2 Discussion
2.1 Side condition
From the agreements above, side conditions for FR1 PRS RSTD measurements have been defined as -13dB for neighbour cell and -6dB for serving cell. For FR2, the path loss is larger than in FR1, though the coverage range is smaller than in FR1, basically the received power in FR2 is smaller than FR1. So to support same number of neighbour cell to be seen and measured for FR1 and FR2, the side conditions in FR2 should be equal to or smaller than  in FR1. So in our opinion, the side conditions in FR2 should be same as FR1.
In last meeting’s discussion, one company proposed the side condition in FR2 should also be based on the accuracy of RSTD link-level evaluation, using side condition [-3 -10] dB can improve the accuracy, but for RSTD measurement in OTDOA positioning for both FR1 and FR2, several neighbour cells are needed and I think the side condition should meet the SNR level of system simulation first to receive enough cells that can be measured.
Proposal 1：Side conditions for PRS RSTD measurements in FR2 are defined same as those in FR1, i.e. -13dB for neighbour cell and -6dB for serving cell.
2.2 Report mapping	
In RAN4#93 meeting, it has been agreed that the Max/Min reported values for RSTD report are same as in LTE for FR1 and FR2. According to the discussion on report mapping table of RSTD in RAN4#94-e meeting, there are several issues need to be discussed and agreed, here we give our opinions below in each issue.
Uniform vs. non-uniform granularity
In LTE, the RSTD measurement  report granularity is defined non-uniform which is 1Ts for |RSTD|≤4096Ts and 5Ts for |RSTD|＞4096Ts [2]. From the aspect of signaling payload, the two options have no much difference indeed. E.g. using the reporting range [-15391, 15391]Ts, if we use non-uniform granularity which is Tc for |RSTD|<4096Ts and 4Tc for |RSTD|>4096Ts, then ceil(log2(885728))=20bit is needed, if we use uniform granularity which is Tc for all RSTD, then ceil(log2(985024*2))=21bit is needed. We don’t think using non-uniform granularity is a violation of RAN1’s agreements. Since from RAN1’s agreement, we can just know the granularity can be chosen from the value of Tc*2^k but have no implication that it is corresponding to each bandwidth or each table. But we also do not see any improvement for both options. So for simplification, we can choose uniform granularity.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 2：PRS RSTD measurements report mapping is defined uniformly.
Number of report mapping tables
It is common understanding that the measurement accuracy is related to BW and SCS and granularity is related to measurement accuracy. However granularity is not equal to accuracy requirement actually, it has to be much smaller than achievable accuracy. So for simplification and implementation, it is unnecessary to define the granularity per SCS per BW. To reduce signalling complexity, we propose to define the granularity per FR and the value of granularity in RAN1’s LS [6] can be referred to. For each FR, we choose the largest bandwidth as a baseline to define the granularity which can be Tc for FR2 and 4Tc for FR1.
Proposal 3：The absolute report mapping of RSTD measurement is defined per FR and the reporting range is defined as -985024Tc to 985024Tc with granularity of Tc for FR2 and 4Tc for FR1.
Relative mapping
Using a relative mapping cannot bring signalling overhead reduction and can add report complexity, so there is no need to define a relative mapping.
Proposal 4：Do not define relative mapping for RSTD report.
Differential report
According to RAN2’s LS [3], RAN2 agreed:
Confirm (same as current running CR) when a UE is configured to report  multiple DL PRS RSTD, PRS RSRP, RxTX measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and those multiple measurements being performed on the same pair of TRPs, the UE reports one full measurement results and additional delta measurement(s).




And RAN2 would like to respectfully ask RAN4 to provide feedback on value range and granularity of the delta measurement reports for PRS-RSRP, UE-RxTxTimeDiff and RSTD, and measurement report on additional path.
According to the agreement above, the differential report of RSTD is used to reflect the difference between different pair of DL PRS resource of the same pair of TRP which is very small. For the differential report, our initial proposal is related to the absolute RSTD report, i.e. define the granularity of differential report as half of the minimum granularity of absolute report which is Tc/2.
Proposal 5：Granularity of differential report is defined as Tc/2.
For the reporting range, we have two optional ways：
Option 1：UE reports arbitrary value among the M measurements and the reporting range of delta measurement is [-X，X]
Option 2：UE reports the minimum value among the M measurements and the reporting range of delta measurement is [0, Y]
To keep the report aligned and simple, we prefer to use option 2 and propose to define the maximum value of Y as 64 times of granularity of differential report.
Proposal 6：The reporting range of differential report is defined as [0, 31Tc].
Report on additional path
According to RAN2’s LS [3], RAN2 would also like to ask RAN4 to provide feedback on the measurement report on additional path, where the additional path nr-relativeTimeDifference is the detected path timing relative to the detected path timing used for the TOA value, and each additional path can be associated with a quality value nr-path-Quality.
Since the additional path is optional and usually only one path is reported, so we propose to use the absolute RSTD report and do not define the delta measurement report.
Proposal 7：Use the absolute RSTD report mapping table for additional path report.
2.3 Reporting capability
In RAN1 #99 meeting, the following agreements on maximum numbers of frequency layers and PRS resource are reached[4]：
Agreement:
· UE can be configured for DL PRS processing according to the following table:
	Description
	Maximum numbers for DL PRS resources
	Values that can be signaled as part of UE Capability 

	Max number of frequency layers (X1)

	X1=4

	Values = {1,4}
FFS: other values 

	Max number of TRPs per frequency layer (X2)
	X2=64
	

	Max number of PRS resource sets per TRP (X3) per frequency layer
	X3=2

	Values = {1,2}

	Max number of Resources per PRS resource set (X4)
	X4=64

	
FFS: values

	Max number of DL PRS Resources per UE (X5)
	NA
	FFS: values

	Max number of TRPs for all frequency layers (X6) per UE
	256
	FFS: values

	Max number of Resources per frequency layer (X7)
	NA
	FFS: values



From the table above, RAN1 has defined the maximum number of DL PRS resources UE can configured including number of frequency layer, number of TRPs per frequency layer and number of PRS resource sets per TRP per frequency layer, etc. 
Also in LTE [2], the frequency layer UE can monitor is defined as follows：

8.1.2.1.1.1	Maximum allowed layers for multiple monitoring
The UE shall be capable of monitoring at least per RAT group:
-	Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and
-	Depending on UE capability, 1 FDD E-UTRA inter-frequency carrier for RSTD measurements, and
-	Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and
-	Depending on UE capability, 1 TDD E-UTRA inter-frequency carrier for RSTD measurements, and







[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Based on this and the inter-frequency RSTD measurement is supported in NR, I think UE capability that the minimum number of frequency layers UE can monitor should be defined. If not, it will make confusion for a UE with positioning function that it can just be located in a specific frequency layer or can be located in all configured frequency layers.  In  our opinion, at least 1 inter-frequency carrier for RSTD measurement should be monitored.
For OTDOA positioning method, at least 3 cells are needed to attain the UE’s position, but a baseline is needed for how many cells UE measure and report actually. In LTE, it is defined 16 as bellows which we may reuse.
[bookmark: _Toc383690822]8.1.2.5.1	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):







[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 8：UE capability that at least the number of frequency layer and TRPs per frequency layer UE can monitor should be defined. At least 1 inter-frequency carrier for RSTD measurement should be monitored and the minimum number of TRPs per frequency layer can be defined [16].
2.4 Measurement period
Referring to the definition of RSTD measurement period requirement in LTE and the discussion on impacting parameters last meeting, the RSTD measurement period is impacted by the factors including the scaling factor for Rx beam sweeping, number of frequency layers UE monitored, periodicity of PRS resource, number of cells UE measured, number of PRS occasions configured and measurement delay on each PRS resource including sampling and processing time.
In NR, the same principle and equation as LTE can be used, i.e. the PRS measurement delay can be defined as：

Where is the number of frequency layers UE monitor,
 is the scaling factor for Rx beam sweeping,
 is the RSTD measurement time per frequency layer which is defined as below：
The UE shall be able to detect and measure intra-frequency RSTD, specified in TS 38.215 [5], for at least n=[16] cells, including the reference cell, on the same carrier frequency f1 as that of the reference cell within：

Where is the configured periodicity of DL PRS resource in subframe,
M is the number of PRS positioning occasion as defined in table 2.4-1 for all cells to be detected and measured,
Δ  is the measurement time for a single PRS positioning resource which includes the sampling time and the processing time.
Table 2.4-1: 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. 



When the intra-frequency handover occurs while intra-frequency RSTD measurements are being performed then the UE shall complete the ongoing OTDOA measurement session. The UE shall also meet the intra-frequency OTDOA measurement and accuracy requirements. However in this case the RSTD measurement period shall be according to the following expression:

Where k is the number of times the intra-frequency handover occurs during  .
 is the time during which the intra-frequency RSTD measurement may not be possible due to intra-frequency handover; it can be up to [45] ms.
Proposal 9：Intra-frequency PRS RSTD measurement period is defined as
Where is the configured periodicity of DL PRS resource in subframe,
M is the number of PRS positioning occasion as defined in table 2.4-1 for all cells to be detected and measured,
Δ  is the measurement time for a single PRS positioning resource which includes the sampling time and the processing time.
When handover occurs during the measurement, the UE should complete the ongoing measurement and the measurement period shall be following：

Where k is the number of times the intra-frequency handover occurs during  .
 is the time during which the intra-frequency RSTD measurement may not be possible due to intra-frequency handover; it can be up to [45] ms.

2.5 Reporting criteria
In 2.4, the intra-frequency measurement period is defined as  in which at least [16] cells to be detected and measured, so for reporting criteria, Ecat=1 which 1 report capable of minimum [16] cell measurements per frequency layer is defined.
Proposal 10：For intra-frequency RSTD measurement, Ecat = 1 is defined, 1 report is capable of minimum [16] cell measurements per frequency layer.
2.6 Definition of intra/inter frequency measurement
In RAN4#94-e meeting, it is agreed that RAN4 to define intra-frequency and inter-frequency RSTD measurements and the corresponding requirements. We give our opinion on the definition following.
From RAN1’s agreement in RAN1#98bis and RAN1#99 meeting, the positioning frequency layer is defined as a collection of DL PRS resource set which have the same SCS and CP type, centre frequency, point-A, bandwidth, start PRB and combSize.
Generally, to define intra/inter frequency, we have two options. One is according to whether the PRS resources are in the same positioning layer, for this option, we need detailed definition of requirements according to whether the gap is needed case by case for intra frequency and inter frequency respectively. The other one is according to whether the same requirement can be applied. For this option, we need to determine whether the gap is needed case by case, the cases which need not gap apply the intra-frequency measurement requirements and cases that need gap apply inter-frequency measurement requirements. But we can see no matter which way to use, we need to clarify whether the gap is needed case by case, the difference is the first one is after definition and the second is before the definition.
So I prefer the second option which gives the definition according to whether the gap is needed and then define two types of requirements that one for intra-frequency and one for inter-frequency.
Based on the opinion above, we suggest the following definition：
Proposal 11：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.
2.7 Scheduling restriction
In RAN4 #93meeting, the agreement is reached on the scheduling restriction under PRS based measurement as follows:
Agreement:
· UE behavior on scheduling restriction in FR2 is according to the following RAN1 agreements:
· “In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE.”
· Impact of the above rule on the scheduling restriction on PRS based measurement requirements and the priority between data and measurement in RAN4 spec are FFS.
· If any problem is identified by RAN4 then how to resolve it is FFS.

But according to the definition of intra/inter frequency above, in intra frequency measurement, the center frequency, SCS and CP type of PRS resource to be measured is same as that of serving cell, so the measurement can be done without gap and scheduling restriction. And inter frequency measurement is done within measurement gap which cannot transmit any data. So no scheduling restriction is needed in positioning measurement in FR1. 
Proposal 12：No scheduling restriction is needed in positioning measurement in FR1.
3 Summary
In this paper, the requirements of  RSTD measurement are discussed, and following proposals are given：
Proposal 1：Side conditions for PRS RSTD measurements in FR2 are defined same as those in FR1, i.e. -13dB for neighbour cell and -6dB for serving cell.
Proposal 2：PRS RSTD measurements report mapping is defined uniformly.
Proposal 3：The absolute report mapping of RSTD measurement is defined per FR and the reporting range is defined as -985024Tc to 985024Tc with granularity of Tc for FR2 and 4Tc for FR1.
Proposal 4：Do not define relative mapping for RSTD report.
Proposal 5：Granularity of differential report is defined as Tc/2.
Proposal 6：The reporting range of differential report is defined as [0, 31Tc].
Proposal 7：Use the absolute RSTD report mapping table for additional path report.
Proposal 8：UE capability that at least the number of frequency layer and TRPs per frequency layer UE can monitor should be defined. At least 1 inter-frequency carrier for RSTD measurement should be monitored and the minimum number of TRPs per frequency layer can be defined [16].
Proposal 9：Intra-frequency PRS RSTD measurement period is defined as
Where is the configured periodicity of DL PRS resource in subframe,
M is the number of PRS positioning occasion as defined in table 2.4-1 for all cells to be detected and measured,
Δ  is the measurement time for a single PRS positioning resource which includes the sampling time and the processing time.
When handover occurs during the measurement, the UE should complete the ongoing measurement and the measurement period shall be following：

Where k is the number of times the intra-frequency handover occurs during  .
 is the time during which the intra-frequency RSTD measurement may not be possible due to intra-frequency handover; it can be up to [45] ms.
Proposal 10：For intra-frequency RSTD measurement, Ecat = 1 is defined, 1 report capable of minimum [16] cell measurements per frequency layer.
Proposal 11：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.
Proposal 12：No scheduling restriction is needed in positioning measurement in FR1.
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