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1. Introduction

The RRM requirements for RSTD measurements are discussed in RAN4#94-e-bis, and the outcomes are captured in the WF [1]. The remaining open issues are 
· Intra/inter-frequency definition
· Measurement period
· Measurement capability 
· Reporting criteria
· Scheduling restriction and need for MG

· MG applicability

· Side condition
· Measurement accuracy
· Report mapping 
In this paper we will provide our views on the remaining issues in RSTD requirements.
2. Discussion
2.1. Intra/inter-frequency definition
In [1] it is agreed that
	Further discuss the definition of intra-frequency and inter-frequency RSTD measurements:
· 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. 


It can be seen that there are quite diverse views from companies. Next we will analyse different option:

· Option 2/2a and option 4 are in similar directions, as they are all relating intra/inter definition with active BWP. The intention is to simplify the requirements by avoiding intra-frequency with gap and inter-frequency without gap. However, from the discussion on the need for MG, it seems hard to achieve the goal. For example, option 2/2a and option 4 are based on different understandings on the need for MG, and moreover, in our view for FR2 the MG is always needed for intra-frequency based on any of option 2, 2a or 4. Our first preference is option 4, but it seems not easy to get consensus in this direction.
· Option 3 is relating the intra/inter definition with serving cell SSB. The rationale is not very clear to us, as PRS and SSB are different frequency layers. Whether they are on the same centre frequency or not does not impact either PRS or RRM measurement requirements. It is also noted that RAN4 is discussing the intra/inter definition for CSI-RS mobility measurement, and no company proposed to couple it with SSB centre frequency even they are both RRM measurement, so it is hard to understand why PRS intra/inter definition should be based on SSB centre frequency.

· Option 1 does not have clear impact on the requirements either, at least for the core requirements. It classifies the frequency layer to which the reference resource belongs as intra-frequency, and other frequency layers as inter-frequency. For core requirements the measurement of such intra-frequency layer is no different from inter-frequency layer, e.g. from measurement period or need for MG perspective.
From above, it seems difficult to find a suitable or meaningful intra/inter definition from RAN4 point of view. If RAN4 should anyway give a definition, we suggest to adopt option 1 which is least controversial.
Proposal 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.
2.2. Measurement period
2.2.1. Impact of SSB collision

In [1] it is agreed that 

	· Further discuss whether PRS-RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement period should be extended to account for dropped PRS occasions being unavailable (e.g., due to overlap with SSB symbols). 
· Details FFS.


The case where PRS occasion is punctured by SSB symbols may occur if 
· PRS periodicity is smaller than SSB periodicity, e.g. PRS period = 80ms, SSB period = 160ms, or

· PRS periodicity is not dividable by SSB periodicity, e.g. PRS period = 64ms, SSB period = 20ms
In our view, either case is likely to happen in real deployment. It is also difficult to define the exact puncture rate for the second case because it would depend on the relative offset between SSB and PRS. Therefore, we do not think SSB collision needs to be accounted in the measurement period. If this is not acceptable, we can add a general statement that PRS measurement period will be extended if some PRS occasions collides with SSB symbols.

Proposal 2: SSB collision is not accounted in PRS measurement period. RAN4 can consider to add a statement that PRS measurement period will be extended if some PRS occasions collides with SSB symbols of serving or neighbour cells.

2.2.2. Rx beam sweeping

In [1] it is agreed that 

	· Further discuss whether or how to extend the measurement period to account for Rx beam sweeping in FR2
· Option 1. Similar to SSB-based RRM measurement in R15 
· Option 2. Based on Rx beam sweeping within a PRS occasion over slot repetitions of PRS resources. Details FFS.
· Other options are not excluded


In last meeting, some companies proposed that UE may do intra-PRS-occasion Rx beam sweeping by using the resource repetition. In our view, this is quite challenging because
· UE does not have the timing information for any PRS resource so it is hard for UE to decide when to switch the Rx beam

· The timing of PRS resources from different TRPs (or even the same TRP) is different, so it is difficult to make sure all PRS resources are measured with all Rx beams. It should be noted that the timing difference between different TRPs can be any value (although the expected RSTD is +/-500us, there can be different slot offsets for resources from different TRPs).
· There can be different resource repetition patterns, e.g. the repetition factor the repetition gap are both configurable, and it will be very complex for UE to design beam sweeping pattern for each configuration, and moreover, with muting the number of cases will increase significantly. 
Proposal 3: Rx beam sweeping in FR2 is accounted similar to SSB-based RRM measurement in R15.

2.2.3. Buffering and processing capability

In [1] it is agreed that 

	· Number of PRS resources for the measurement period definition

· To be discussed after conclusion of RAN1 UE capability discussions


The latest agreements from RAN1 feature list discussion is as follows [2].
	1. Duration of DL PRS symbol in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE. 

a)
T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms

b)
N: {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms

2. Max number of DL PRS resources that UE can process in a slot under it

a) FR1 bands: {1, 2, 4, 8, 16, 32, 64} for each SCS: 15kHz, 30kHz, 60kHz

b) FR2 bands: {1, 2, 4, 8, 16, 32, 64} for each SCS: 15kHz, 30kHz, 60kHz


According to RAN1 discussion, UE should be able to measure all PRS resources in the duration of DL PRS symbols (K) in ms within any P ms window, provided that K≤N and P≥T. In our view, the capability indicated UE can buffer and process PRS symbols of N ms every T ms. Another related capability is the number of PRS resources UE can process every slot.

In LTE the number of PRS occasions is defined as 16 because UE is supposed to buffer and process PRS from a subset of TRPs per occasion, and measure all 16 TRPs in 16 occasions. The buffering and processing capabilities need to be accounted also in NR but based on the reported UE capabilities.

In last meeting the scaling of PRS occasions was discussed for the case when configured PRS occasion duration K is larger than reported capability N. However, we understand it is difficult to define a proper scaling factor. For example in Figure 1, the configured PRS occasion duration K is 4 while the UE reported capability N is 2. UE may sample the first half of the length-4 duration in the first PRS occasion, and then the second half in the second PRS occasion. Although the span of each PRS resource is smaller than N, resource 2 cannot be sampled in one PRS occasions. It can be expected that the number of PRS occasions needed is depending on the relative time offset between different resources in the occasion. Considering the work load, we suggest to only define requirements for the case when K≤N.
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Figure 1: sampling when configured PRS occasion duration K is larger than reported capability N

If the configured PRS resources per slot M is larger than UE indicated capability S, UE needs ⌈M/S⌉ PRS occasions to measure all resources in that slot.
Proposal 4: PRS measurement period is scaled by ⌈M/S⌉, where
· M is the maximum number of PRS resources per slot, and S is the reported capability on the maximum of PRS resources UE can buffer and process per slot,
· The requirements apply provided that the configured PRS duration per occasion K is no larger than the reported capability on the maximum duration of PRS symbols N UE can buffer and process every Tms.
2.2.4. Basic PRS periodicity

In [1] it is agreed that 

	· Measurement period with more than one PRS periodicity

· To be discussed after measurement period with one PRS periodicity is defined


PRS resources from the same resource set have the same periodicity, but can be different for different resource sets or different TRPs. Following the principle in LTE eMTC discussion, the measurement period should be scaled by the largest resource periodicity among all resource sets from all TRPs of a PRS frequency layer. The periodicity of the PRS resource should be lower bounded by T ms, as UE cannot buffer or process another PRS occasion during T ms.

Proposal 5: PRS measurement period should be scaled based on max{Tres, T}, where
· Tres is the maximum resource periodicity among all PRS resources on the PRS frequency layer,

· T is the PRS processing time as indicated in UE capability reporting.

2.2.5. Basic number of PRS occasions

In [1] it is agreed that 

	· Further discuss the basic number of PRS occasions (X) per PRS resource needed to meet the accuracy requirements accounting for fading channel, AGC settling, and muting pattern.

· Other factors not excluded


Although we are proposing to define the accuracy based on single shot, but the core requirements are generic for all PRS configurations including BW, comb, repetition and muting, and are applicable for all propagation conditions. This would cause UE some challenges in measurement, e.g. due to deep fading and muting, not all TRPs are visible for every PRS occasion. In addition, for PRS measurement with MG, AGC is needed. Therefore some margin should be considered in the basic number of PRS occasions. As a starting point, we propose the basic number of PRS occasions as 4.

Proposal 6: the basic number of PRS occasions for PRS measurement period is 4.
2.2.6. Baseline PRS measurement period
Based on discussions in above subsections, the baseline PRS measurement period without considering multi-layer measurement and interruption due to HO can be defined as 

Proposal 7: Baseline PRS measurement period is defined as

Tmeas_PRS = NRxBeam * [⌈M/S⌉ * max{Tres, T} * [4] + T] 

where 

· NRxBeam  = 8 is the scaling factor for Rx beam sweeping, 

· Tres is the maximum resource periodicity among all PRS resources on the PRS frequency layer, 

· T is the PRS processing time as indicated in UE capability reporting, 
· M is the maximum number of PRS resources per slot, and S is the reported capability on the maximum of PRS resources UE can buffer and process per slot,
· The requirements apply provided that the configured PRS duration per occasion K is no larger than the reported capability on the maximum duration of PRS symbols N UE can buffer and process every Tms.
In [1] it is agreed that 

	· Measurement period due to HO

· To be discussed after measurement period without HO is defined

· Measurement period for more than one frequency layer

· To be discussed after measurement period for one frequency layer is defined


We will discuss those two issues when the baseline PRS measurement period is concluded.
2.3. Measurement capability 
In [1] it is agreed that 

	· RAN4 to not define the minimum for the number of positioning frequency layers (X1) for positioning requirements

· RAN1 UE capability for X1 allows values of {1,4} to be signaled with other values FFS.

· Whether to define the minimum for X2, …, X7 to be discussed after the conclusion of RAN1 UE capability signaling

· Applicability of requirements when exceeding UE processing/buffering to be discussed after the conclusion of RAN1 UE capability signaling


X2…X7 are defined by RAN1 as follows.

	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


Based on the latest RAN1 feature list [2], UE capability are defined regarding X3…X7, so it should be clear that there is no need for RAN4 to define minimum requirements for them. The remaining question is whether RAN4 should define capability for X2 (Max number of TRPs per frequency layer).
In our view, this is also not necessary because what matters for positioning performance is the number of TRPs measured across all frequency layers. In LTE requirements, UE is required to measure RSTD from 16 cells no matter how many PRS layers are measured. In NR, this number X7 is indicated as capability.
Proposal 8: RAN4 not to define capability requirements for X2…X7.
Regarding the applicability of requirements when exceeding processing/buffering capabilities, in last meeting some companies proposed that if the time span of a DL PRS resource instance is greater than any of the UE’s signalled processing capabilities, measurement requirements do not apply. We think the proposal makes sense, as an instance of a single PRS resource should be measurable by UE with one PRS occasion.
Proposal 9: If the time span of a DL PRS resource instance is greater than UE reported capability N, measurement requirements do not apply.

2.4. Reporting criteria
In [1] it is agreed
	· Further discuss measurement reporting criteria for PRS-RSTD, PRS-RSRP, and UE Rx-Tx time difference


In our view,

· UE makes one report per positioning session, and the report includes the measurement results from all applicable PRS layers and all PRS resources, so RAN4 should not define Ecat for each PRS layer or for different types of PRS layers (e.g. intra/inter-frequency)

· There is also no need to define the number of PRS resources in the criteria, as the maximum number of RSTD measurements are limited by UE capabilities defined by RAN1, so RAN4 does not need to repeat or define further requirements
· PRS-RSRP, if requested in NR-DL-TDOA-RequestLocationInformation, will be reported together in the same IE as RSTD, so it should be included in the reporting criteria
Proposal 10: Ecat = 1 for RSTD per positioning session, which includes RSTD measurements and PRS-RSRP measurements (if configured with RSTD and supported by UE).

2.5. Scheduling restriction and need for MG
In [1] it is agreed that
	· Further discuss scheduling restrictions for PRS symbols in FR1

· Further discuss when measurement gap is needed for PRS measurement in FR1 and FR2


First, we understand RAN4 should reach common understanding on what scheduling restriction means. Based on current 38.133, scheduling restriction means UE would prioritize measurement and cause interruption to data transmission, so the measurement resource is considered as restricted for network to schedule any data.

If UE cannot do simultaneous PRS measurement and data reception, one approach is to allow scheduling restriction, and another approach would be to use MG. The former is used for SSB intra-frequency with mixed SCS or with Rx beam sweeping, while the latter is used for SSB inter-frequency. In our view, MG is more proper for PRS measurement because serving cell may not be not aware of PRS location of neighbor cells and it cannot avoid scheduling data on the same symbols of neighbor cell PRS. 
This would be also aligned with the UE behaviour in 38.214 that when PRS and other DL channel/data collides, UE would de-prioritize PRS measurement if MG is not configured, thus will not cause any interruption to data scheduling. It is noted that this UE behaviour was agreed for FR2 and pending on RAN4 discussion for FR1 [3], but in any case, as data scheduling is prioritized, in order to have PRS measurement with guaranteed performance, the measurement should be performed with MG.
Proposal 11: PRS measurement should not cause any scheduling restriction. If UE cannot do simultaneous PRS measurement and data reception, PRS should be measured with MG.

Following Proposal 11, we will discuss the need for MG in FR1 and FR2. 
· For FR2 it should be rather clear that MG is always needed because of the Rx beam sweeping.
· For FR1, 

· When PRS is within UE active BWP, UE shall be able to simultaneously measure PRS and receive data from the serving cell, so measurement gap is not needed and no scheduling restriction should be allowed, if following condition related to SCS is met; otherwise MG is needed.

· The SCS/CP of the PRS layer is same as the SCS/CP of the UE active BWP, or

· UE supports concurrent PRS measurement and data reception in the UE active BWP with a different numerology (a new optional capability should be defined)
· When PRS is not within UE active BWP, it is also clear that UE cannot do simultaneous PRS measurement and data reception, and the MG is needed.
Proposal 12: UE should be able to measure a PRS layer without MG if the following conditions are met, otherwise UE is assumed to measure the PRS layer with MG.
· The PRS layer is in FR1 and within UE active BWP, and

· The SCS/CP of the PRS layer is same as SCS/CP of UE active BWP, or UE supports mixed numerology between PRS and UE active BWP. 

Proposal 13: RAN4 to define a new UE capability to indicate if UE supports concurrent PRS measurement and data reception in the UE active BWP with a different numerology.
2.6. MG applicability
In [1] it is agreed
	· Further discuss applicability of R15 measurement gap patterns to NR positioning

· Option 1: at least Rel-15 NR measurement gaps apply for positioning measurements

· Other options are not excluded


In our view, although some Rel-15 gap patterns are not suitable for PRS measurement, e.g. those with small MGL or MGRP, it may be difficult to exclude any gap pattern from being used for PRS measurement, because PRS and RRM may share the same gap pattern. 
Proposal 14: All Rel-15 MG patterns are applicable for PRS measurement.
2.7. Side condition
In [1] it is agreed that
	· PRS-RSTD side conditions for FR2:

· Option 1. -3 dB for reference and -10 dB for neighbor cells

· Option 2. Same as FR1


Based on the system level and link level simulation results, we see option 1 as more relevant for FR2. The better side condition will lead to improved accuracy performance on link level; on the other hand, on system level the number of cells above -10dB Es/Iot is sufficiently high to make positioning fix.

Proposal 15: Side condition for RSTD accuracy requirements in FR2 is PRS Es/Iot of -3 dB for reference cell and -10 dB for neighbor cells.

2.8. Measurement accuracy
In [1] it is agreed that
	· 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


Based on our simulation results in [4], we see it is feasible to define RSTD accuracy based on 1 sample.
Based on Proposal 1 for intra/inter definition, we do not see the classification of the PRS frequency layer (intra or inter) will change due to HO, so the same accuracy requirements should apply for the corresponding type. 

Proposal 16: RSTD accuracy requirements are defined based on single shot measurement.
Proposal 17: Applicable of RSTD accuracy requirements is not impacted by HO.
2.9. Reporting mapping 
In [1] it is agreed that 
	· Further discuss for RSTD and UE Rx-Tx time difference reporting:

· Relationship between k1 and k2

· Range of k1 and k2 in FR1


We do not see a clear need to define relationship between k1 and k2. As k2 is signalled to LMF, there should be no misalignment between UE and LMF regarding which granularity is used in the reporting. It is also difficult to restrict the relationship, e.g.

· Network may signal a small k1, but the PRS BW is small and cannot enable measurement on that granularity, in this case k2>=k1
· Network may signal a large k1, but the PRS BW is large and can enable measurement on finer granularity, in this case k2 should be <=k1. Of course, it may be questionable if UE should report with a finer granularity than what network requested, so we are open to define the relationship k2<=k1, but to us this is not very necessary.

We also do not see the need to define separate range of k1/k2 for FR1 and FR2, as this will just limit the network and UE implementation.

Proposal 18: RAN4 not to define relationship between k1 and k2, or separate range of k1/k2 for FR1 and FR2.
3. Conclusions

In this paper we provided our views on RSTD measurement requirements.

Proposal 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.
Proposal 2: SSB collision is not accounted in PRS measurement period. RAN4 can consider to add a statement that PRS measurement period will be extended if some PRS occasions collides with SSB symbols of serving or neighbour cells.

Proposal 3: Rx beam sweeping in FR2 is accounted similar to SSB-based RRM measurement in R15.

Proposal 4: PRS measurement period is scaled by ⌈M/S⌉, where
· M is the maximum number of PRS resources per slot, and S is the reported capability on the maximum of PRS resources UE can buffer and process per slot,

· The requirements apply provided that the configured PRS duration per occasion K is no larger than the reported capability on the maximum duration of PRS symbols N UE can buffer and process every Tms.
Proposal 5: PRS measurement period should be scaled based on max{Tres, T}, where
· Tres is the maximum resource periodicity among all PRS resources on the PRS frequency layer,

· T is the PRS processing time as indicated in UE capability reporting.

Proposal 6: the basic number of PRS occasions for PRS measurement period is 4.

Proposal 7: Baseline PRS measurement period is defined as

Tmeas_PRS = NRxBeam * [⌈M/S⌉ * max{Tres, T} * [4] + T] 

where 

· NRxBeam  = 8 is the scaling factor for Rx beam sweeping, 

· Tres is the maximum resource periodicity among all PRS resources on the PRS frequency layer, 

· T is the PRS processing time as indicated in UE capability reporting, 
· M is the maximum number of PRS resources per slot, and S is the reported capability on the maximum of PRS resources UE can buffer and process per slot,

· The requirements apply provided that the configured PRS duration per occasion K is no larger than the reported capability on the maximum duration of PRS symbols N UE can buffer and process every Tms.
Proposal 8: RAN4 not to define capability requirements for X2…X7.

Proposal 9: If the time span of a DL PRS resource instance is greater than UE reported capability N, measurement requirements do not apply.

Proposal 10: Ecat = 1 for RSTD per positioning session, which includes RSTD measurements and PRS-RSRP measurements (if configured with RSTD and supported by UE).

Proposal 11: PRS measurement should not cause any scheduling restriction. If UE cannot do simultaneous PRS measurement and data reception, PRS should be measured with MG.

Proposal 12: UE should be able to measure a PRS layer without MG if the following conditions are met, otherwise UE is assumed to measure the PRS layer with MG.
· The PRS layer is in FR1 and within UE active BWP, and

· The SCS/CP of the PRS layer is same as SCS/CP of UE active BWP, or UE supports mixed numerology between PRS and UE active BWP. 

Proposal 13: RAN4 to define a new UE capability to indicate if UE supports concurrent PRS measurement and data reception in the UE active BWP with a different numerology.
Proposal 14: All Rel-15 MG patterns are applicable for PRS measurement.
Proposal 15: Side condition for RSTD accuracy requirements in FR2 is PRS Es/Iot of -3 dB for reference cell and -10 dB for neighbor cells.

Proposal 16: RSTD accuracy requirements are defined based on single shot measurement.
Proposal 17: Applicable of RSTD accuracy requirements is not impacted by HO.
Proposal 18: RAN4 not to define relationship between k1 and k2, or separate range of k1/k2 for FR1 and FR2.
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