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1 Introduction
In RAN4 #94-e-bis meeting, the core requirements of UE measurement for positioning RRM are discussed. For RSTD measurement, the report mapping is agreed and captured in LS [1]. However there are still some open issues need to be discussed and are captured in WF [2] in which the following aspects are included: 
· Parameter k in report mapping tables
· Definition of intra-frequency and inter-frequency RSTD measurements
· Measurement period
· Impact of SSB symbols
· Impact of Rx beam sweeping
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Basic number of PRS occasions per PRS resource
· Measurement capability
· Measurement reporting criteria
· Scheduling restriction in FR1
· Measurement gap for PRS measurement
· PRS-RSTD Side conditions
· Accuracy requirements
In this paper, we have some discussion on the remaining issues and give our proposals.
2 Discussion
2.1 Parameter k
In RAN4#94-e-bis meeting, the RSTD report mapping is agreed to define one table per k. For parameter k, following conclusions are reached:
· 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
In my initial understanding, LMF recommended value k1 and UE selected k2 are independent. It means they are performed individually and k2 can smaller than or larger than or equal to k1, and what we need to consider is which value(k1 or k2) is used. When UE selected k2 is smaller than k1, since LMF provides the recommended value k1 according to QoS and UE need not to provide a finer granularity in principle, the recommended value k1 is used. But if UE cannot achieve the recommended value k1 due to power saving or other purposes i.e. UE selected value k2 is larger than k1, then k2 is used.
According to the two cases above, the larger value between k2 and k1 is used. Then it can be equivalent to that LMF provides a recommended k(k1) first and then UE select a parameter k(k2) for the range larger than or equal to k1 to use for reporting. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: UE selected parameter k2 is larger than or equal to k1.
It has been agreed that the range of parameter k is {0,1,2,3,4,5}. But it is obvious some small granularity may not be used due to the limited resources in FR1, so a small range can be considered. We think the range {2,3,4,5} is reasonable.
Proposal 2: The range of k is {2,3,4,5} in FR1.
2.2 Definition of intra/inter frequency measurement
In RAN4#94-e-bis meeting, the definition of intra-frequency and inter-frequency RSTD measurements was discussed and no consensus is reached. We give our further discussion as below:
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.
We agree the definition should better have impact on requirements. Based on this, we support the option2 or option 2a according to the conclusion of number of frequency layers configured in active BWP. 
In RAN1#100b-e meeting [3], it is agreed as below that UE is expected to process one frequency layer at a time, so we propose to configure at most one frequency layer. 
Agreement:
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)




In this case, the PRS resources in an active BWP all belong to the same frequency layer and the option 2 and option 2a are same and can be merged.
In last meeting, a question is raised is that UE may support mixed SCS and I agree the gap is not needed in this case. But this support is a UE capability which is not always supported by all UEs and I think this case can be equivalent to the same SCS case. So we just need to add a note or statement in the definition.
Based on the opinion above, we suggest the following definition and can be reused for PRS-RSRP and UE Rx-Tx time difference：
Proposal 3: 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. 
· Note: If UE support mixed SCS, the same SCS is not requested.
2.3 Measurement period
Impact of SSB symbols
We think the extension due to symbol overlapping is unnecessary. It has been agreed in RAN1 specification the PRS resource is not mapped on the same symbols as SSB. So this collision has been avoided in PRS resource configuration.
Proposal 4: The extension due to overlap with SSB symbols is not needed.
Impact of Rx beam sweeping
We slightly prefer to use the similar way in SSB-based RRM(option 1). Since Rx switching in within a PRS occasion needs some issues to consider, e.g. the time gap between repetitions, the timing alignment with slot boundary. The time internal between repetitions should be large enough to complete the beam switching and the slot boundary of next PRS resource should be known by UE. 
But I understand this is UE implementation, we can recheck the way based on Rx beam sweeping within a PRS occasion over slot repetitions of PRS resources(option 2) if Rx beam switching within a PRS occasion can be achieved with UE implementation and have less impact on specification.
For option 2, if UE support Rx beam switching in one PRS occasion, the Rx beam sweeping factor is expressed as NRx_beam = max(Nbeam, ceil(Nbeam/Nbeam_in_occa)), where Nbeam is the number of UE Rx beams, and Nbeam_in_occa is the number of beams implemented in one occasion. Nbeam_in_occa is expressed as Nbeam_in_occa = floor(PRSavailable/PRSaccuracy), where PRSavailable is available PRS repetition in the occasion and PRSaccuracy is the number of PRS resource needed to achieve accuracy.
Proposal 5: The similar way in SSB-based RRM for Rx beam sweeping factor is preferred.
Measurement period due to HO
When the handover occurs while RSTD measurements are being performed then the UE shall complete the ongoing OTDOA measurement session. The UE shall also meet the 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 handover occurs during  .
 is the time during which the RSTD measurement may not be possible due to handover.
Proposal 6: The measurement period due to HO is expanded according to the expression below:

Measurement period for more than one frequency layer
According to RAN1’s agreement in [3], UE is expected to process only one frequency layer at a time. So when UE need to measure more than one frequency layer, the measurement period need to be expanded by number of frequency layers.
Proposal 7: The measurement period for more than one frequency layer is expanded according to the expression below:

Where  is the number of frequency layers.
2.4 Reporting criteria
We agree the report is done per positioning session, so the Ecat should be defined per session. In each report in DL-TDOA, the measured PRS-RSRP is reported together with RSTD. But one issue existed is the number of samples for RSTD and PRS-RSRP can be different, since from our simulation results the RSTD can be get acceptable accuracy using one sample but PRS-RSRP cannot. 
For this problem, we understand the PRS-RSRP report is optional. If the PRS-RSRP accuracy requirement is not satisfied in this session, then it need not to report. When next session, the average of the former measured value is calculated and reserved until the accuracy is achieved. Then the PRS-RSRP is reported together with RSTD in this session.
Proposal 8: For RSTD measurement, Ecat = 1 is defined per positioning session which includes the RSTD measurement and PRS-RSRP measurement.
2.5 Scheduling restriction in FR1
In my opinion, for this issue, the scheduling restriction needs to be clarified explicitly whether it is a NW configuration issue or UE reception issue. If it is a NW configuration aspect which means gNB should not configure PRS on the same symbol where SSB is transmitted, then I think it is necessary which has been also agreed in RAN1#100b-e meeting [3] as below:
Agreement:
The following text proposal for TS 38.211 is agreed.
--------------- Begin TP -------------------
7.4.1.7.3	Mapping to physical resources in a downlink PRS resource
-	the symbol  is not used by any SS/PBCH block used by the serving cell for downlink PRS transmitted from the serving cell or any SS/PBCH block from a non-serving cell indicated by the higher-layer parameter SSB-positionInBurst for downlink PRS transmitted from a the same non-serving cell;
----------------- End TP ---------------------------
But if it is a UE receiving issue which means UE is not expected to process the DL PRS in the same symbols where SSB and other DL signals are transmitted, then I think this restriction is not needed. Since based on the definition of intra/inter frequency measurement, UE can measure a PRS layer without MG if the following conditions are met:
· The PRS layer is within UE active BWP, and
· The SCS of the PRS layer is same as SCS of UE active BWP or UE support mixed SCS, and
· The CP of the PRS layer is same as CP of UE active BWP
So in the case without gap, UE can receive PRS and other DL signals simultaneously and it is unnecessary to distinguish whether the symbol is transmitting SSB or other DL signals.
The point is the restriction that PRS is not transmitted in the same symbol where SSB and other signals is transmitted shall be depend on the NW configuration rather than UE processing.
Proposal 9: The restriction should be implemented by NW which means gNB should not configure PRS on the same symbol where SSB is transmitted. But the UE receiving and processing is no need to be restricted.
2.6 Measurement gap for PRS measurement
In RAN4#94-e-bis meeting, the need for measurement gap for PRS measurement is discussed and no consensus is reached. There are following issues still needed to be discussed:
· Need for gap for PRS measurement in FR1 and FR2
· Applicable of R15 gap pattern
In FR1, as discussed in section 2.4 and 2.5, UE can measure a PRS layer without MG if the following conditions are met, otherwise UE should measure PRS layer with MG.
· The PRS layer is within UE active BWP, and
· The SCS of the PRS layer is same as SCS of UE active BWP or UE support mixed SCS, and
· The CP of the PRS layer is same as CP of UE active BWP
In FR2, UE cannot receive PRS and other DL signals simultaneously due to Rx beam sweeping, so the measurement gap is always needed.
Proposal 10: in FR1, UE can measure a PRS layer without MG if the following conditions are met, otherwise UE should measure PRS layer with MG.
· The PRS layer is within UE active BWP, and
· The SCS of the PRS layer is same as SCS of UE active BWP or UE support mixed SCS, and
· The CP of the PRS layer is same as CP of UE active BWP
In FR2, the measurement gap is always needed.
For gap pattern, the minimum length of R15 gap pattern is 1.5ms and maximum is 6ms. In RAN1#98bis meeting, the PRS repetition and time gap is agreed as below [4]:Agreement:
· Parameter DL-PRS-ResourceRepetitionFactor is configured for a DL PRS Resource Set and controls how many times each DL-PRS Resource is repeated for a single instance of the DL-PRS Resource Set
· Values: 1, 2, 4, 6, 8, 16, 32
· Parameter DL-PRS-ResourceTimeGap is configured for a DL-PRS Resource Set
· DL-PRS-ResourceTimeGap indicates offset in units of slots between two repeated instances of a DL PRS Resource corresponding to the same DL-PRS Resource ID within a single instance of the DL PRS Resource Set 
· DL-PRS-ResourceTimeGap is provided only if DL-PRS-ResourceRepetitionFactor is configured and is greater than 1
· Values: 1, 2, 4, 8, 16, 32
· The time duration spanned by one DL PRS Resource set containing repeated DL PRS Resources should not exceed DL-PRS-Periodicity 
· Note: UE RX beam sweeping is up to UE implementation












And in RAN1#99 meeting, the PRS periodicity is agreed to configure as below [5]:Agreement:
The following periodicity values of DL PRS resource allocation are supported depending on SCS
·  {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots, µ = 0, 1, 2, 3 for SCS 15, 30, 60 and 120kHz respectively





Since one PRS RE pattern can have 2,4,6 or 12 symbols, from the value of PRS repetition and time gap, there are some configuration where the PRS duration is smaller than 1.5ms such as 6 symbols and 1 repetition PRS in 15kHz SCS and 6 symbols and 2 repetition in 30kHz SCS. So all R15 gap pattern can be used in NR positioning.
Proposal 11: At least R15 NR gap pattern can be applicable to NR positioning.
2.7 Side condition
Side conditions for FR1 PRS RSTD measurements have been defined as -13dB for neighbour cell and -6dB for serving cell. In last meeting, the side condition of PRS RSTD in FR2 has not reached agreement and has following two options
· PRS-RSTD side conditions for FR2:
· Option 1. -3 dB for reference and -10 dB for neighbor cells
· Option 2. Same as FR1
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.
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 12: 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.
2.8 Accuracy requirements
In last meeting, the link level simulation results of RSTD and PRS-RSRP are discussed and following conclusion is captured in WF [1]:· Further discuss the number of samples for accuracy requirements for PRS-RSTD and PRS-RSRP
· Further discuss the applicability of RSTD accuracy requirements under cell change after conclusion of intra-frequency and inter-frequency definition




According to our simulation results in [6], one sample is enough to get acceptable accuracy, so we suggest to define the RSTD accuracy requirements based on one sample. And from the results, we can see the accuracy is same with different comb pattern, so the accuracy requirements shall be agnostic to comb pattern.
Proposal 13: The accuracy requirements of RSTD measurement is defined based on one sample.
Proposal 14: The accuracy requirements shall be agnostic to comb pattern.
3 Summary
In this paper, the requirements of  RSTD measurement are discussed, and following proposals are given：
Proposal 1: UE selected parameter k2 is larger than or equal to k1.
Proposal 2: The range of k is {2,3,4,5} in FR1.
Proposal 3: 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. 
· Note: If UE support mixed SCS, the same SCS is not requested.
Proposal 4: The extension due to overlap with SSB symbols is not needed.
Proposal 5: The similar way in SSB-based RRM for Rx beam sweeping factor is preferred.
Proposal 6: The measurement period due to HO is expanded according to the expression below:

Proposal 7: The measurement period for more than one frequency layer is expanded according to the expression below:

Where  is the number of frequency layers.
Proposal 8: For RSTD measurement, Ecat = 1 is defined per positioning session which includes the RSTD measurement and PRS-RSRP measurement.
Proposal 9: The restriction should be implemented by NW which means gNB should not configure PRS on the same symbol where SSB is transmitted. But the UE receiving and processing is no need to be restricted.
Proposal 10: in FR1, UE can measure a PRS layer without MG if the following conditions are met, otherwise UE should measure PRS layer with MG.
· The PRS layer is within UE active BWP, and
· The SCS of the PRS layer is same as SCS of UE active BWP or UE support mixed SCS, and
· The CP of the PRS layer is same as CP of UE active BWP
In FR2, the measurement gap is always needed.
Proposal 11: At least R15 NR gap pattern can be applicable to NR positioning.
Proposal 12: 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 13: The accuracy requirements of RSTD measurement is defined based on one sample.
Proposal 14: The accuracy requirements shall be agnostic to comb pattern.
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