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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN4#93 meeting, for PRS-RSTD measurement, we have the following agreement which applies to all core requirements:

· Core requirements shall be applicable for:
· All PRS BW.
· All comb patterns.
· All repetition factors.
Currently, there are no conclusions for the following topics:
· SINR side conditions for RSTD measurement 
· Definition of intra- and inter-frequency RSTD
· Measurement gap and scheduling restrictions for RSTD measurement
· RSTD Measurement period 
· Design of RSTD report mapping table

In this contribution, we provide our views on these topics. 

SINR side conditions for RSTD measurement 
In the WF of RAN4#93 [1], there remain some options on SINR side conditions for RSTD measurement:
· Side conditions for FR1 PRS RSTD measurements
· Neighbor cells: PRS Es/Iot = [-13] dB
· Reference cell: PRS Es/Iot
· Option 1: -6 dB
· Option 2: -3 dB
· Side conditions for FR2 PRS RSTD measurements
· Neighbor cells: PRS Es/Iot
· Option 1: -13 dB
· Option 2: -10 dB
· Reference cell: PRS Es/Iot
· Option 1: -6 dB
· Option 2: -3 dB
Based on our SLS simulation results in [2], we have the following observations:
· For comb-4 PRS, for all scenarios (except UMi FR2 100MHz), the best 6 cells are with Es/Iot  dB for 95% UEs
· For comb-2 PRS, for all scenarios (except UMi FR2 100MHz), the best 2 cells are with SINR  dB for 100% UEs
Furthermore, given the same side conditions, it is expected that the measurement capability/accuracy of NR UEs are not worse than that of LTE UEs. Thus we have the following proposal:Proposal 1: Side conditions for FR1 and FR2 PRS-RSTD measurements:
· Neighbor cells: PRS Es/Iot = -13 dB
· Reference cell: PRS Es/Iot = -6 dB


Definition of Intra/Inter-frequency RSTD Measurement
In the WF of RAN4#93 [1], there is an FFS on the definition of intra/inter-RSTD Measurement:
Intra-frequency and inter-frequency definition are FFS; they depend on definition of PRS frequency layer which is being discussed in RAN1.
In RAN1#98b, the definition of positioning frequency layer has been agreed as follows [3]:

Agreement:
· In the agreements made in RAN1 related to NR positioning, a “positioning frequency layer” is a collection of DL PRS Resource Sets across one or more TRPs which have
· the same SCS and CP type
· the same centre frequency
· the same point-A (already agreed)
· FFS: details on configured BW

In RAN1#99, we have the following agreements regarding positioning frequency layer [4]:

Agreement:
All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of DL PRS Bandwidth and Start PRB
Agreement:
All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of combSize. 

It can be seen that the definition of positioning frequency layer is completed. Based on RAN1’s agreements, we propose the following definition for intra-frequency RSTD measurement:Proposal 2: RAN4 to define intra-frequency RSTD measurement as when the positioning frequency layer associated with a DL PRS resource set is
· the same as that of the DL PRS resource set of the reference cell
· within UE’s active BWP
A RSTD measurement is defined to be an inter-frequency RSTD measurement if it is not an intra-frequency RSTD measurement


The following figure is an illustration for the definition:

[image: ]
Figure 1: Illustration of intra-frequency RSTD measurement

In addition, if more than one position frequency layers are configured to a UE within the UE’s active BWP, then the PRSs from multiple cells may not be transmitted with full BW of the active BWP, which in turn degrades the positioning accuracy. In our view, within UE’s active BWP, the PRSs should be transmitted to the UE with BW as large as possible, and the interference mitigation can be done by TDM for FDM among PRSs. Therefore, we have the following proposal:Proposal 3: Within UE’s active BWP, at most one positioning frequency layer can be configured to the UE

Note that under proposals 2 & 3, intra-frequency RSTD can be measured without measurement gaps, and inter-frequency RSTD has to be measured with measurement gaps. It also follows that the expected intra-frequency RSTD measurement period would be shorter than that of inter-frequency RSTD measurement.

Measurement Gap and Scheduling Restrictions for RSTD Measurement
In [1], we have the following agreements:
· Condition under which no gaps are needed for PRS measurements has been defined:
· If SCSs of reference and neighbor cells’ PRS are the same and the PRS are within the active BWP, and this SCS is same as active BWP SCS, then the UE can measure without gaps and without any scheduling restriction; 
· otherwise whether the UE needs gaps/scheduling restriction or not to measure PRS is FFS
· Scheduling restriction under PRS based measurement:
· FR1: UE behavior on scheduling restriction in FR1 shall be the same as agreed for FR2.
· FR2:
· 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.

In our view, although a PRS instance may have time duration longer than the maximum measurement gap length (MGL) currently supported in NR, defining measurement gaps (MGs) with long lengths in general degrades system data transmission throughput. 
In particular, it has been agreed in RAN1 that ResourceRepetitionFactor can be up to 32, and therefore it is possible that a PRS resource being transmitted consecutively in 32 slots. An MG with MGL > 32ms would be a waste of resources as no data transmission is available during the MG (note that a full slot may not be occupied by PRSs, therefore during UE’s measurement period for positioning, data transmission is possible by using the other available time/frequency resources).
In fact, RAN1’s agreements allow many possible durations with length > 32ms for a PRS instance, and hence it is quite complex to design MGs to support all these possibility.
Therefore, we have the following proposal:Proposal 4: RAN4 not to define new gaps for positioning

Finally, we note that based on the agreed scheduling restriction rule, if measurement gap is not configured, then whether UE measures a PRS resource on an OFDM symbol depends on gNB’s transmission scheduling. 
In our understanding, gNB doesn’t know whether a UE is performing positioning measurement or not. Therefore the positioning measurement period would be prolonged (or even the positioning would fail) if the serving cell continuously transmitting data on OFDM symbol that carries PRS.  
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]We propose to introduce a signalling (from UE to gNB) to inform the serving cell(s) that UE is performing a positioning measurement. The signalling may provide information such as the positioning technique currently in use (e.g., DL-TDOA, DL-AoD), expected measurement duration, and priority level of positioning. As such, based on the information provided by the UE, the serving cell(s) can reduce or better schedule the amount of data transmission to the UE while UE is in positioning measurement period, which in turn reduces the UE’s reporting delay and avoids positioning from failure. Proposal 5: Introduce a signalling for UE to inform the serving cell(s) regarding the UE’s positioning state


RSTD Measurement Period
In [1], we have the following agreements:
· Non-DRX requirements apply for RSTD measurement period, regardless of whether and which DRX configuration is configured for the UE.
· RSTD measurement under cell change
· The UE shall continue RSTD measurement after each serving cell change for:
· intra-frequency handover,
· inter-frequency handover,
· In this case the RSTD measurement period shall be extended. Details are FFS.
Although NR supports various PRS periodicities that are shorter than the minimum PRS periodicity in LTE, RAN4 should define baseline requirements instead of defining requirements for all NR PRS periodicities. Note that it has been agreed that core requirements apply for all PRS bandwidths, comb patterns, and repetitions. Considering the computing power of UE, we have the following proposal:




Note that for proposal 6, it is assumed that measurement gap is configured, or no measurement gap but also no other DL channel interrupting PRS.Proposal 6: UE measures at least n =16 cells and reports at least 15 RSTDs within
 ms
provided that reference cell and there are at least 15 neighbor cells satisfying the side conditions in proposal1, where k is the number of positioning frequency layers, M = 16, and  is the number of  PRS slots in one PRS instance.
Furthermore, it is assumed that  is the same for all positioning frequency layers.


For RSTD measurement under handover (HO), the general idea is that 
· UE continues RSTD measurement after HOs
· HO has priority higher than PRS measurement
· UE should be allowed to collect enough number of PRS instances to guarantee good RSTD estimation
Therefore, the RSTD measurement period shall be extended based on the number of possibly missed PRS instances due to HOs. Since for one HO, one PRS instance may be dropped by the UE, we have the following proposal:  Proposal 7: The requirement on RSTD measurement period under cell is given by  
 ms
where K is the number of HO,  is the PRS periodicity, and  is given in proposal 6


RSTD Reporting Mapping Table
In [1], we have the following agreement:
· RSTD reporting range
· The Max/Min reported values are same as in LTE for FR1 and FR2
In RAN1#99, we have the following agreement:
Agreement:
· The reporting granularity for the UE/gNB timing measurements (DL RSTD, the UE Rx-Tx time difference, UL RTOA, gNB Rx-Tx time difference) is defined as , where k is a configuration parameter with a minimum value of at most 0.
· Note: RAN4 can determine if -1 can be a minimum value
· RAN1 assumes that the details of the reporting granularity and ranges for the UE/gNB timing measurements (DL RTSD, the UE Rx-Tx time difference, UL RTOA, gNB Rx-Tx time difference) will be determined by RAN4, including the potential relation of the parameter k to DL PRS bandwidth.

It has been agreed in RAN1 that the reporting granularity can be set to 1Tc. However, the finest granularity that can be achieved is 4Tc (corresponding to the setting that SCS = 120kHz and BW = 400MHz). Therefore it suffices to design a RSTD reporting table supporting 4Tc granularity. In our view, one reporting table can be used for both FR1 and FR2. In addition, in LTE RSTD mapping table, we have  
· Time resolution is 1Ts for |RSTD|≤4096Ts
· Time resolution is 5Ts for 15391Ts >|RSTD|> 4096Ts
The boundary point 4096Ts can be reused for NR RSTD mapping table, while the resolution can be changed as 4Tc for |RSTD|≤4096Ts and 20Tc for 15391Ts >|RSTD|> 4096Ts. 
We summarize above in the following proposal:Proposal 8: 
· One RSTD mapping table for both FR1 and FR2
· Time resolution is 4Tc for |RSTD|≤4096Ts
· Time resolution is 20Tc for 15391Ts >|RSTD|> 4096Ts

[bookmark: _GoBack]In addition, we note that granularity is a network configuration in RAN1’s agreement. However, the finest granularity may not be supported by all UEs. It is meaningless if network configures a granularity that UE cannot achieve. In our view, what granularity UE can support should be a UE capability and should be reported to the network. From the network point of view, the time/frequency resource may be utilized more efficiently with the information of UE capabilities.Proposal 9: The RSTD reporting granularity is a UE capability. UE may report its capability to the network


Conclusions
In this contribution, we have the following observations and proposals:
Proposal 1: Side conditions for FR1 and FR2 PRS-RSTD measurements:
· Neighbor cells: PRS Es/Iot = -13 dB
· Reference cell: PRS Es/Iot = -6 dB
Proposal 2: RAN4 to define intra-frequency RSTD measurement as when the positioning frequency layer associated with a DL PRS resource set is
· the same as that of the DL PRS resource set of the reference cell
· within UE’s active BWP
A RSTD measurement is defined to be an inter-frequency RSTD measurement if it is not an intra-frequency RSTD measurement
Proposal 3: Within UE’s active BWP, at most one positioning frequency layer can be configured to the UE
Proposal 4: RAN4 not to define new gaps for positioning
Proposal 5: Introduce a signalling for UE to inform the serving cell(s) regarding the UE’s positioning state
Proposal 6: UE measures at least n =16 cells and reports at least 15 RSTDs within
 ms
provided that reference cell and there are at least 15 neighbor cells satisfying the side conditions in proposal1, where k is the number of positioning frequency layers, M = 16, and  is the number of  PRS slots in one PRS instance.
Furthermore, it is assumed that  is the same for all positioning frequency layers.
Proposal 7: The requirement on RSTD measurement period under cell is given by  
 ms
where K is the number of HO,  is the PRS periodicity, and  is given in proposal 6
Proposal 8: 
· One RSTD mapping table for both FR1 and FR2
· Time resolution is 4Tc for |RSTD|≤4096Ts
· Time resolution is 20Tc for 15391Ts >|RSTD|> 4096Ts
Proposal 9: The RSTD reporting granularity is a UE capability. UE may report its capability to the network
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