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Introduction
In RAN4#95-e meeting, several aspects of PRS-RSTD measurements were further discussed with a WF agreed in [1]. In this paper, we discuss the following topics:
· Remaining issues on PRS-RSTD report mapping 
· Measurement reporting capability
· Measurement period requirements
· Measurement accuracy requirements
· Side conditions
RSTD report mapping 
On RSTD report mapping, the remaining issues are captured as in the following:
· Relation between k1 and k2
· Option 1.  
·  is the positioning layer frequency layer index of all RSTD measurements of the same TRP pair.
· Option 2. k2 >= k1
· Option 3. RAN4 not to define relationship between k1 and k2
· Option 4. k2 <= k1 
· Option 5. UE shall report based on the finest granularity it can achieve 
· Applicable values for k in FR1
· Option 1. {1,2,3,4,5}
· Option 2. {2,3,4,5}
· Option 3. {0,1,2,3,4,5} 
· Option 4. {3,4,5}
· Report mapping for differential RSTD and Rx-Tx time difference
· Option 1. Allow different ranges for different k values 
· Option 2. Ensure the same range for all k’s, e.g., by increasing the last reporting interval to 8192 for all k values 


In our understanding, LMF should set the value of  properly with respect to PRS BW, i.e., with increasing PRS BW,  should be set to smaller values and vice versa. With this understanding, the value that UE selects, , can be equal to, or larger than . In most scenarios, UE should adhere to the recommended value from LMF (i.e., ) but in cases when the PRS BW is beyond UE capability, then . 
Among the options above for the relationship between  and , we can support options 1-3. Option 1 is our proposal from last meeting but we can also agree that the consideration for meeting accuracy can be separately captured in the accuracy requirements. Option 2 is reasonable to us and option 3 is also agreeable as we do not see any harm in not capturing such relationship in RAN4 specification. Options 4 and 5 are not agreeable as they impose unnecessary power consumption penalty on UE and do not even consider UE capability. 
Proposal 1. For relation between k1 and k2, any of the options 1-3 are agreeable.
Given the maximum BW of 100 MHz in FR1, our view is that granularity of Tc is not needed in FR1 but we are also fine with not having any restriction on  for FR1 at all.
Proposal 2. In FR1,  or  .
On the issue of report mapping for differential RSTD and Rx-Tx time difference measurements, and also for additional path, our view is that different ranges for different k values should be allowed (option 1). RAN4 agreed in RAN4-e-Bis meeting that differential reporting should have the same k value as absolute reporting; meaning that both measurements should have the same granularity or step size. Option 2 implies that for certain ranges of differential RSTD, Rx-Tx time difference measurements, and additional path, this agreement would be violated. We view having a consistent step size to be more important than ensuring the same range for all k values. 
Proposal 3. For differential RSTD and UE Rx-Tx time different reporting mapping, and also for additional path reporting, allow different ranges for different k values; i.e., maintain consistent step size across the entire range.
Measurement capability 
The remaining issues on measurement capability are captured in WF [1] as follows:
· FFS: RAN4 not define measurement capability requirements for PRS measurement
· FFS: Requirements when PRS configuration in assistance data exceeds reported capabilities
· FFS: If the time span of a DL PRS resource instance (i.e., the time duration spanned after repetition by DL-PRS-ResourceRepetitionFactor) ± its corresponding DL-PRS-expectedRSTD-uncertainty is greater than , where  is the duration of DL PRS symbols in ms that UE is capable of processing, measurement requirements do not apply.   


The list of UE capability signaling in RAN1 is finalized and it can be seen that:
	13-3b
	DL PRS Resources for DL-TDOA on a band combination
	1. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR1-only. Values = {6, 24, 64, 128, 192, 256, 512, 1024, 2048} Note this is reported for FR1 only BC. 
2. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR2-only. Values = {24, 64, 96, 128, 192, 256, 512, 1024, 2048} Note this is reported for FR2 only BC 
3. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR1 in FR1/FR2 mixed operation. Values = {6, 24, 64, 128, 192, 256, 512, 1024, 2048} Note this is reported for BC containing FR1 and FR2 bands 
4. Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets for FR2 in FR1/FR2 mixed operation. Values = {24, 64, 96, 128, 192, 256, 512, 1024, 2048} Note this is reported for BC containing FR1 and FR2 bands
	Per BC



Therefore, UE shall support at least 6 PRS resources in FR1 and 24 PRS resources in FR2 per positioning frequency layer. In our view, these minimum values are more than sufficient to make DL-TDOA work in any scenario and RAN4 should not define a minimum value for number of RSTD measurements that UE is capable of reporting. 
Observation 1. Minimum capabilities defined in RAN1 are more than sufficient to make DL-TDOA work in any scenario.
Proposal 4. RAN4 to not define a minimum value for number of RSTD measurements that UE shall be capable of reporting. 
With respect to PRS configuration in the assistance data exceeding UE capabilities, our view is that such a scenario can occur on two distinct capabilities:
· UE capability in terms of number of PRS resources, resource sets, frequency layers, TRPs, …
· UE capability in terms of duration of DL PRS symbols N in units of ms a UE can process every T ms

With respect to UE capability in terms of number of PRS resources, resource sets, frequency layers, … RAN1 has already made an agreement based on RAN2 structure of assistance data in RAN1#101-e:
Agreement:
· When a UE is configured in the assistance data of a positioning method with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively),  the UE assumes the DL-PRS Resources in the assistance data are sorted in a decreasing order of measurement priority. Specifically, according to the current RAN2 structure of the assistance data, the following priority is assumed:
1. FFS: the 4 frequency layers are sorted according to priority,
1. The 64 TRPs per frequency layer are sorted according to priority,
1. The 2 sets per TRP of the frequency layer are sorted according to priority,
1. FFS: The 64 resources of the set per TRP per frequency layer are sorted according to priority.
· The reference indicated by nr-DL-PRS-ReferenceInfo-r16 for each frequency layer has the highest priority at least for DL-TDOA



Proposal 5. If the assistance data furnished to UE exceeds any of the advertised UE capabilities related to number of PRS resource sets, PRS resources, TRPs, and positioning frequency layers, then UE is required to only measure PRS resource sets, PRS resources, TRPs, and positioning frequency layers from the assistance data up to its advertised capabilities. The order of selection and measurement from assistance data is according to the RAN2 structure of the assistance data based on RAN1 agreement above. 
On UE capability in terms of duration of DL PRS symbols, our view is that the entire span of a DL PRS resource should be captured and processed in one shot. Segmenting a DL PRS resource, if it exceeds UE capability, to multiple fragments that can be far apart in time (separated by at least one PRS occasion; TPRS) should not be the baseline and the estimation accuracy generally worsens as the channel variation can impact various segments differently. Hence,
Proposal 6. If the time span of a DL PRS resource instance (i.e., the time duration spanned after repetition by DL-PRS-ResourceRepetitionFactor) ± its corresponding DL-PRS-expectedRSTD-uncertainty is greater than , where  is the duration of DL PRS symbols in ms that UE is capable of processing, measurement requirements  for this DL PRS resource do not apply.   
Measurement period
Measurement period has been discussed in the previous RAN4 meetings without much progress. With completion of RAN1 work and the signaling capabilities, the measurement period for measurement during MG is presented here with our final formulation. 
The parameters impacting the measurement period are first listed and defined below:
· UE capability 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
· 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

· UE capability for 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}

· LPRS represents the span of a PRS occasion comprised of all PRS resources in the assistance data defined as the time from the first slot of the earliest PRS resource to the last slot of latest PRS resource in one TPRS window. 
· Depending on UE capability for Type I or Type II duration calculation, LPRS may account for only PRS symbols of slots (Type I) or the entire slot if any of its symbols are PRS (Type II). Figure 1 below shows LPRS based on Type II UE capability. 
·  is the number of PRS resources in a slot as configured by the assistance data
· TPRS represents the PRS periodicity among all DL PRS resources of a resource set and TPRS,max represents the maximum PRS periodicity among all DL PRS resources of a positioning frequency layer.
· MGRP is the measurement gap period as configured by RRC
· CSSF is the carrier-specific scaling factor for measurement with gap sharing with other RRM measurements. CSSF for NR positioning is discussed in [2][3]
· is the UE Rx beam sweeping factor for FR
· is the basic number of PRS occasions needed to meet the accuracy requirements



Figure 1 Illustration of RSTD measurement period for i-th positioning frequency layer

The basic scaling factor for measurement period should depend on UE capabilities  and . If LPRS ≤ , then UE only needs T ms to process the PRS resources. Otherwise, UE needs to measure PRS resources in round-robin fashion. Similarly, if the number of PRS resources in a slot, , is equal to, or smaller than, then UE only needs T ms to process the PRS resources. Otherwise, the measurement period is scaled similarly as in  case. 
Proposal 7. The basic scaling factor for measurement period depends on UE capabilities and is expressed as:

Since RAN4 has agreed to define measurement requirements with only MG, the effective MG periodicity should be calculated for special values of TPRS which are powers of 2. For instance, with TPRS = 8ms, effective MG periodicity cannot be shorter than 40ms even if RRC configures UE with MGRP of 20ms. There are 23 distinct PRS periodicities among all numerologies based on RAN1 agreements. 
Observation 1. There are 23 distinct PRS periodicity based on all numerologies and TPRS values. In units of ms, these are TPRS  .
Some combinations of MGRP and TPRS result in effective MGRP that is longer than either TPRS or the configured MGRP. This issue is mostly seen in PRS periodicities that are power-of-2. Tables 1 below shows examples where  TPRS is 64, 32 or 16ms with MGRP of 20ms and MGL of 6ms. In the top part, LPRS is assumed to be 6ms and 10ms in the top and bottom parts, respectively.  In the top part, it can be seen that only every 5 PRS period, there is a full overlap of MGL over LPRS. In other occasions, there is either no overlap at all or very small overlap. With increased LPRS, fewer occasions will have no overlap at all but then since MGL < LPRS, this type of configuration is not desirable to begin with. 
Our view is that RAN4 measurement period requirements should be based on the occasions when MGRP is an integer multiple of TPRS to be able to accommodate the green cells below as much as possible. 
Table 1 Impact of PRS periodicity of power of 2
[image: ]
Let MGRPmin define the minimum MGRP required to align with TPRS. Table 2 summarizes MGRPmin for all values of TPRS.
Table 2 Minimum MGRP, MGRPmin, to align with TPRS
	TPRS (ms)
	MGRPmin (ms)

	10, 20, 
	20

	8, 40
	40

	16, 80
	80

	32, 160
	160

	64
	320

	
	TPRS



Consequently, the effective MGRP that should be used in determining the measurement period is a function of MGRPmin and the actual MGRP that is configured to UE via RRC.
Proposal 8. Effective MGRP, MGRPe, for PRS measurement is defined as 

Where  is defined in Table 2.
In the previous discussions, the basic time unit to determine the measurement period was proposed to be . However, concerns were raised that such formulation is not always accurate. For instance, if T = 30 ms and  = 20ms, then the correct time unit to determine the measurement period should be 40ms since it will take UE 30ms to process one occasion and then UE needs to wait for an additional 10ms until the next PRS period arrives. To address this issue, the basic time unit needs to modified as below.
Proposal 9. The basic time unit to determine the measurement period depends on MGRPe and UE capability T and is expressed as:

With these definitions, the RSTD measurement period can be finalized. For parameters whose value may be dependent on the positioning frequency layer, the subscript  is added.
Proposal 10. RSTD measurement period for the i-th positioning frequency layer can be expressed as:


Proposal 11. If i-th positioning frequency layer has PRS resource sets with different TPRS ,  TPRS,max is used to derive MGRPe.

Regarding UE Rx beam sweeping, the following was captured in [1]:
 · For FR1, no impact of UE RX beam sweeping on RSTD measurement period shall be considered
· For FR2
· Use Rx beam sweeping factor similar way as in SSB-based RRM (i.e. no intra-PRS-occasion Rx beam sweeping) for the case when the QCL information is not available to the UE
· FFS how to handle the case when the QCL information is available to the UE
· Option 1: Do not perform RX beam sweeping
· Option 2: Perform RX beam sweeping
· Solutions with more advanced RX beam sweeping can be considered in the future releases


Per RAN4 agreement,  for FR1. In FR2, our view is that Rx beam sweeping is required even if QCL information is available to UE. The QCL source for PRS is either another PRS resource (which may or may not have been measured by UE yet) or an SSB (which has much higher side condition than PRS). So the knowledge of QCL information effectively may not help UE for some PRS resources (e.g., source SSB is not detected by UE or source PRS is not yet measured by UE). RAN4 should define the measurement period requirements based on the worst case scenario.
Observation 2. Availability of QCL information to the UE may not always be useful as UE may have not measured the source of QCL information.
Proposal 12. For FR2, 
We discuss the number of samples, , shortly in Section 5.
The measurement period adds up for each frequency layer that is configured to be measured. It is noted that parallel PRS measurement on different positioning frequency layers cannot occur since UE can request a specific MG pattern for only one dl-PRS-ARFCN-PointA at a time. Moreover, many parameters (e.g., , , ) depend on the PRS configuration in a frequency layer so the measurement period cannot simply be scaled by the number of frequency layers.

Proposal 13. Measurement periods adds up for each frequency layer that is configured to be measured, i.e., if measurement period for frequency layer  is, then total measurement period is 

We note that if during the measurement period of one or more positioning frequency layers, MG pattern has to be reconfigured to enable UE to measure some remaining DL PRS resources, the measurement period will be longer to account for RRC reconfiguration of the MG pattern which is typically not quantified in RAN4 and is under NW implementation.
Proposal 14. If during the measurement period of one or more positioning frequency layers, MG pattern has to be reconfigured to enable UE to measure some remaining DL PRS resources, the measurement period will be longer to account for RRC reconfiguration of the MG pattern.
On overlap of SSB with PRS symbols and potential extension of measurement period, the following was captured in the WF from last meeting: 
· FFS Whether PRS occasion dropping due to SSB collision should be accounted in measurement period
· Option 1. Yes
· Option 2. No, measurement period will be defined for cases when PRS occasions are not dropped for any reason


In our understanding, the RAN1 specification is clear that the PRS symbols and SSB symbols cannot overlap. Moreover, the information of neighbour TRP SSB is provided in assistance data through NR-SSB-Config-r16. Given the requirements for PRS measurement to be defined only with MG, the collisions of PRS with SSB for some power-of-2 PRS periodicities are rare and requirements should not be defined. 
Proposal 15. RSTD measurement period to be defined for cases when PRS occasions are not dropped. 
Measurement accuracy
On discussions related to measurement accuracy, the followings were captured in [1]:
· PRS occasion definition: 
· Option 1: PRS occasion is the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor ± its corresponding DL-PRS-expectedRSTD-uncertainty. 
· Option 2: PRS occasion is one single DL PRS repetition (i.e. repetition factor of 1) 
· Option 3: PRS occasion is one comb pattern without being repeated within a slot and without applying a resource repetition factor (Ericsson)
· Basic number of PRS occasions
· Option 1. A certain number (X) of PRS occasions, X=4 
· Option 2. ceil(NPRS,req / KPRS)
· NPRS,req is the comb pattern realizations that are required for RSTD measurement, derived from simulation results
· KPRS= LPRS/CombSizeN  ResourceRepetitionFactor is the number of comb pattern realizations within a single TPRS, 
· LPRS is the number of PRS symbols per slot


On the issue for basic number of PRS occasions, we can agree that the required number of repetitions for a configured comb pattern can include both in-slot repetitions and cross-slot repetitions. By in-slot repetition, we refer to DL-PRS-NumSymbols which can be equal to or greater than DL-PRS-CombSizeN. For instance, to achieve a repetition factor of 4 for DL PRS resource of comb size 2, any of the following can be configured:
· DL-PRS-NumSymbols = 8, which means all repetitions of the comb pattern occur within a single slot
· DL-PRS-NumSymbols = 4 and DL-PRS-ResourceRepetitionFactor = 2, which means half of the required repetition is in-slot and the other half is cross-slot
· DL-PRS-NumSymbols = 2 and DL-PRS-ResourceRepetitionFactor = 4, which means all repetitions of the comb pattern occur cross-slot

We note that the link-level simulation assumptions agreed for both RSTD and UE Rx-Tx time difference measurements did not make any explicit assumptions on DL-PRS-NumSymbols so the required number of repetitions for any particular PRS BW and FR can be distributed between in-slot and cross-slot in any way. 
Proposal 16. The required number of repetitions for any PRS BW and FR to be distributed between in-slot and cross-slot repetitions within a single PRS period in any configurable way. 
We support option 1 for the definition of PRS occasion but have modified the proposal to account for both in-slot and cross-slot repetitions. This is a similar definition of PRS occasion as in LTE-OTDOA. 
Proposal 17. PRS occasion of a DL PRS resource is the time duration spanned by its repetitions as configured by DL-PRS-NumSymbols and DL-PRS-ResourceRepetitionFactor within one TPRS. 
However, option 2 under basic number of PRS occasions in [1] implies PRS processing and measurement that is fundamentally flawed. It assumes that the required number of repetitions for any PRS BW and FR can be distributed across PRS occasions. This is not a technically feasible proposal and has significant shortcomings in terms of estimation accuracy, most notably is the significant channel variation that can occur over PRS periods that can result in estimation errors. 
As supported by our simulation results in [4], the measurement accuracy requirements for PRS-RSTD should be based on one-shot measurement. Combining measurements across repetition windows, if available, to improve performance should be left to UE implementation. This is consistent with the approach taken in LTE.
Proposal 18. PRS-RSTD measurement accuracy requirements to be defined using samples from only one PRS resource occasion.  
The motivation behind allowing more than one PRS occasion in defining the measurement period is to ensure that with muting and channel variations, there is at least one PRS occasion that satisfies the side conditions and we believe X=4 is a reasonable value and again consistent with LTE.
Proposal 19. Basic number of PRS occasions to define the measurement period requirements to be .
As a final note, due to lack of intra-frequency and inter-frequency RSTD measurement in RAN4, the measurement accuracy requirements may be different depending on whether PRS resource pair (neighbor and reference) belong to the same or different positioning frequency layer [1]. If reference and neighbor PRS resources belong to different positioning frequency layers, the minimum PRS BW of the positioning frequency layers should be used for applicability of accuracy requirements.
Proposal 20. If reference and neighbor PRS resources belong to different positioning frequency layers, the minimum PRS BW of the positioning frequency layers should be used for applicability of accuracy requirements.
RAN4 can discuss how many different categories for measurement accuracy requirements should be defined. In our view, requirements for the cases when (A) PRS BW is contained in UE’s active BWP, (B) PRS BW is not fully contained in UE’s active BWP, (C) reference and neighbor cell below to two different FR are all possible. In our view, case (C) is lowest in terms of priority. 
Conclusions
Proposal 1. For relation between k1 and k2, any of the options 1-3 are agreeable.
Proposal 2. In FR1,  or  .
Proposal 3. For differential RSTD and UE Rx-Tx time different reporting mapping, and also for additional path reporting, allow different ranges for different k values; i.e., maintain consistent step size across the entire range.
Observation 1. Minimum capabilities defined in RAN1 are more than sufficient to make DL-TDOA work in any scenario.
Proposal 4. RAN4 to not define a minimum value for number of RSTD measurements that UE shall be capable of reporting. 
Proposal 5. If the assistance data furnished to UE exceeds any of the advertised UE capabilities related to number of PRS resource sets, PRS resources, TRPs, and positioning frequency layers, then UE is required to only measure PRS resource sets, PRS resources, TRPs, and positioning frequency layers from the assistance data up to its advertised capabilities. The order of selection and measurement from assistance data is according to the RAN2 structure of the assistance data based on RAN1 agreement above. 
Proposal 6. If the time span of a DL PRS resource instance (i.e., the time duration spanned after repetition by DL-PRS-ResourceRepetitionFactor) ± its corresponding DL-PRS-expectedRSTD-uncertainty is greater than , where  is the duration of DL PRS symbols in ms that UE is capable of processing, measurement requirements  for this DL PRS resource do not apply.   
Proposal 7. The basic scaling factor for measurement period depends on UE capabilities and is expressed as:

Observation 1. There are 23 distinct PRS periodicity based on all numerologies and TPRS values. In units of ms, these are TPRS  .
Table 2 Minimum MGRP, MGRPmin, to align with TPRS
	TPRS (ms)
	MGRPmin (ms)

	10, 20, 
	20

	8, 40
	40

	16, 80
	80

	32, 160
	160

	64
	320

	
	TPRS



Proposal 8. Effective MGRP, MGRPe, for PRS measurement is defined as 

Where  is defined in Table 2.
Proposal 9. The basic time unit to determine the measurement period depends on MGRPe and UE capability T and is expressed as:

Proposal 10. RSTD measurement period for the i-th positioning frequency layer can be expressed as:


Proposal 11. If i-th positioning frequency layer has PRS resource sets with different TPRS ,  TPRS,max is used to derive MGRPe.
Observation 2. Availability of QCL information to the UE may not always be useful as UE may have not measured the source of QCL information.
Proposal 12. For FR2, 
Proposal 13. Measurement periods adds up for each frequency layer that is configured to be measured, i.e., if measurement period for frequency layer  is, then total measurement period is 

Proposal 14. If during the measurement period of one or more positioning frequency layers, MG pattern has to be reconfigured to enable UE to measure some remaining DL PRS resources, the measurement period will be longer to account for RRC reconfiguration of the MG pattern.
Proposal 15. RSTD measurement period to be defined for cases when PRS occasions are not dropped. 
Proposal 16. The required number of repetitions for any PRS BW and FR to be distributed between in-slot and cross-slot repetitions within a single PRS period in any configurable way. 
Proposal 17. PRS occasion of a DL PRS resource is the time duration spanned by its repetitions as configured by DL-PRS-NumSymbols and DL-PRS-ResourceRepetitionFactor within one TPRS. 
Proposal 18. PRS-RSTD measurement accuracy requirements to be defined using samples from only one PRS resource occasion.  
Proposal 19. Basic number of PRS occasions to define the measurement period requirements to be .
Proposal 20. If reference and neighbor PRS resources belong to different positioning frequency layers, the minimum PRS BW of the positioning frequency layers should be used for applicability of accuracy requirements.
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i=0 i=1 i=2 i=3 i=4 i=5

Subframes spanned by PRS 0-5 64-69 128-133 192-197 256-261 320-325 Full overlap of MGL and L_PRS

Subframes spanned by MGL 0-5 60-65 120-125 200-205 260-265 320-325 Some overlap of MGL and L_PRS

Subframes spanned by PRS 0-5 32-39 64-69 96-101 128-133 160-165 Small overlap of MGL and L_PRS

Subframes spanned by MGL 0-5 40-45 60-65 100-105 120-125 160-165 No overlap of MGL and L_PRS

Subframes spanned by PRS 0-5 16-21 32-39 48-53 64-69 80-85

Subframes spanned by MGL 0-5 20-25 40-45 40-45 60-65 80-85

i=0 i=1 i=2 i=3 i=4 i=5

Subframes spanned by PRS 0-9 64-73 128-137 192-201 256-265 320-329

Subframes spanned by MGL 0-5 60-65 120-125 200-205 260-265 320-325

Subframes spanned by PRS 0-9 32-41 64-73 96-105 128-137 160-169

Subframes spanned by MGL 0-5 40-45 60-65 100-105 120-125 160-165

Subframes spanned by PRS 0-9 16-25 32-41 48-57 64-73 80-89

Subframes spanned by MGL 0-5 20-25 40-45 40-45 60-65 80-85
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