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Introduction
In RAN4#94-e meeting, several aspects of PRS-RSTD measurements were discussed. The email discussion is captured in [1] with a WF agreed in [2]. In this paper, we discuss the following topics:
· Intra-frequency vs. inter-frequency PRS measurements
· Number of frequency layers configured per active BWP
· Measurement period requirements
· Measurement accuracy requirements
· PRS-RSTD report mapping 
· Measurement reporting criteria and capability
Intra-frequency vs. inter-frequency RSTD measurement
In RAN4#94-e, the following was captured in the WF regarding this topic:
· RAN4 to define intra-frequency and inter-frequency RSTD measurements and the corresponding requirements
· Candidate options for definition of intra-/inter-frequency:
· 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 neighbor 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. Otherwise, the RSTD measurement is inter-frequency. 
· Option 2a: Intra-frequency RSTD measurement is defined when the BW of the positioning frequency layer is within the BW of UE’s active DL BWP and SCS of PRS is same as the SCS of UEs’s active DL BWP. Otherwise, the RSTD measurement is inter-frequency. 
· Option 3. Intra-frequency RSTD measurement: the center frequency of PRS BW is the center frequency of an serving cell SSB and has the same SCS as that of the serving cell SSB, otherwise it is inter-frequency. (NOTE: for RSTD, the above conditions are met for both reference and the other DL links)
· Option 4. Intra-frequency RSTD measurement is defined if the PRS resources to be measured are in the same positioning frequency layer, or the PRS resource to be measure are not in the same positioning frequency layer but have the same SCS and center frequency, and the bandwidth are all within the active BWP. Otherwise, the RSTD measurement is inter-frequency


In our view, different classification of RSTD measurements in terms of intra-frequency vs. inter-frequency or with-MG and without-MG only make sense if the measurement requirements will be different for each class. As such, we cannot agree to defining intra-frequency RSTD measurement in a manner which MG may sometimes be required as we cannot understand how the requirements will be different than inter-frequency RSTD measurements, for example.
With this view, option 1 is not agreeable to us because it does not include anything about the active BWP of the UE in the definition. A positioning frequency layer can be completely outside of the UE’s active BWP and still be considered as intra-frequency.
Option 3 is not agreeable to us either. In our view, the concept of “positioning frequency layer” in RAN1 was introduced to avoid having to rely on existing measurement definitions. Moreover, we fail to understand why serving cell SSB and PRS center frequency should be the same. Even further, if UE has an SSB-less CC wherein a positioning frequency layer is configured and fully contained within the active BWP, why should it be considered as inter-frequency?
The first part of option 4 “intra-frequency RSTD measurement is defined if the PRS resources to be measured are in the same positioning frequency layer and the BW are all within the active BWP” is the same as in Option 2. The second part “or the PRS resource to be measured are not in the same positioning frequency layer but have the same SCS and center frequency” assumes that there can be more than one positioning frequency layer configured within active BWP. This is also the same concern that Option 2a is attempting to address. However, whether there can be more than one positioning frequency layer per active BWP is a separate issue that is also being discussed (See Section 3) which we don’t agree with. On the other hand, we agree that the same SCS, and even same CP, as those of active BWP should be added to the definition of intra-frequency RSTD. Hence, our proposal is amended to:
Proposal 1. 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. 
Number of configured positioning frequency layers per active BWP
In RAN4#94-e, the following was captured:
Number of configured positioning frequency layers within UE active DL BWP:
· FFS the need for a maximum number K of positioning frequency layers within the active BWP, e.g., K=1


In our understanding, more than one positioning frequency layer within active BWP can take one of the forms illustrated in Figure 1. In case (A), positioning frequency layers 1 and 2 have different center frequencies and they may or may not have overlapped RBs and in case (B), they have the same center frequency with different BWs. 



Figure 1 Different positioning frequency layers within active BWP
Our view is that neither of the cases above have strong justification for typical deployment. PRS BW should be wide enough to satisfy the positioning accuracy requirements. Fragmentation of active BWP BW to more than one positioning frequency layer does not have any added benefit particularly given the scheduling restrictions reflected in TS 38.214 and also discussed in [5]. However, some atypical NW deployments can make the cases in Figure 1. For example, in geographical boundary of two areas, some TRPs may operate with different spectrum allocation compared to other TRPs. Even so, RSTD measurement cross two positioning frequency layers within the BWP bandwidth (i.e., reference PRS from one positioning frequency layer and neighbour PRS from another positioning frequency layer) should be considered inter-frequency measurement as RF impairments on the two positioning frequency layers are not the same. 
Hence, it is proposed that:
Proposal 2. UE expects to be configured with at most one intra-frequency positioning frequency layer within its active DL BWP. 
RSTD report mapping 
Several proposals were discussed regarding RSTD report mapping table in RAN4#94-e meeting with no progress or agreement:
PRS-RSTD report mapping table(s):
· 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


In [3], we proposed one report mapping table per FR with uniform granularity of 4Tc for FR1 and Tc for FR2. Some companies proposed one report mapping table per each value of parameter k , as signaled by the NW, and UE simply follows it. This proposal is also agreeable to us and in this section, we discuss these further. 
The range of values for parameter k as agreed in RAN1 is [0-5] with k = -1 left to RAN4 to decide. We have no strong view whether to include k = -1 in R16 specification or not. For the commercial and regulatory requirements listed in R16 WI objectives, k = -1 is not necessary. However, including k = -1 can make the specification future proof for R17 enhancements. So our preference is to include k = -1 in the report mapping tables.
Proposal 3. Define RSTD report mapping table for k = -1.
Proposal 4. Define one absolute RSTD report mapping table for each value of parameter .
We maintain our position from previous meeting that the RSTD report mapping table should have a uniform granularity across the RSTD reporting range. This is consistent with RAN1 agreement and also prevents the need for any possible adjustment to the signaled parameter k which enables UE to simply follow the signaled value. Moreover, as shown in the following paragraphs, non-uniform report mapping table (similar to LTE) only saves 1 bit for each table compared to uniform report mapping which is negligible particularly given the differential report mapping tables that will be discussed shortly. 
Proposal 5. Use uniform granularity for each RSTD report mapping table.
In RAN4#94-e meeting, some companies expressed concerns that small granularity in RSTD report mapping tables creates UE implementation complexity (e.g., large FFT sizes). We disagree with this notion and stress that granularity of report mapping table should be much smaller than accuracy requirements so that it does not become the bottleneck in determining the final positioning error. Accuracy requirements should be decoupled from report mapping table and determined based on link-level simulation results. 
As an example, assuming LTE accuracy requirements for PRS BW of 10 MHz (), UE should be able to report any RSTD with any of the values  and still meet the accuracy requirements. To report RSTD = 0 as an example, on one extreme with , there will be 128 values in the range of |RSTD|  that UE can report and meet the accuracy requirements. On the other extreme with , there will be 4 values in the range of |RSTD|  that UE can report and meet the accuracy requirements. 
It should be noted that using a coarse granularity (e.g., ) for large PRS BW should not be used. More precisely, assuming 2x sampling of PRS BW, then parameter k should be upper bounded as:


For instance, with PRS BW = 200 MHz,  is needed. 
Proposal 6. RSTD accuracy requirements are not applicable if  
In the last RAN2 meeting, an LS was sent to RAN4 on positioning measurement range and granularity [4]. Based on the agreement from RAN1:
Agreement:
The prior agreement is updated as given below:
· UE can be configured to measure and report up to [M] DL PRS RSTD measurements per pair of TRPs with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability
· All the RSTD measurements in a single report should have a single reference timing
· Note: Each RSTD measurement is between DL PRS Resources corresponding to different TRP IDs.
M=[3] 4


RAN2 agreed to the following in order to reduce the signaling overhead:
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).

For RSTD differential report mapping, RAN2 has agreed to the following IE:
NR-DL-TDOA-MeasList-r16 ::= SEQUENCE (SIZE(1.. nrMaxTRPs)) OF NR-DL-TDOA-MeasElement-r16

NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {
	trp-ID-r16						TRP-ID-r16			OPTIONAL,
	nr-DL-PRS-ResourceId-r16		NR-DL-PRS-ResourceId-r16	 OPTIONAL,
	nr-DL-PRS-ResourceSetId-r16		NR-DL-PRS-ResourceSetId-r16 OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,	
	nr-RSTD-r16						INTEGER (0..ffs),	-- FFS on the value range, to be decided in RAN4
	nr-MeasQuality-r16				NR-MeasQuality-r16,
	nr-PRS-RSRP-Result-r16			INTEGER (FFS)			OPTIONAL, -- FFS, value range to be decided in RAN4.
	nr-DL-TDOA-AdditionalMeasurements-r16				NR-DL-TDOA-AdditionalMeasurements-r16,
	...
}
NR-DL-TDOA-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) OF NR-DL-TDOA-AdditionalMeasurementElement-r16

NR-DL-TDOA-AdditionalMeasurementElement-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceId-r16        NR-DL-PRS-ResourceId-r16	 OPTIONAL,
	nr-DL-PRS-ResourceSetId-r16		NR-DL-PRS-ResourceSetId-r16 OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-RSTD-ResultDiff-r16			INTEGER (0..ffs),	-- FFS on the value range to be decided in RAN4	
	dl-PRS-RSRP-ResultDiff-r16	INTEGER (FFS)		OPTIONAL, -- FFS on the value range to be decided in RAN4
...
}

nrMaxTRPs		INTEGER ::= 256		-- Max TRPs

Based on these agreements in RAN1/2, RAN4 needs to define differential RSTD report mapping tables. Our view is that same approach as in absolute report mapping table should be followed for differential report mapping table with one table per each value of parameter .
Proposal 7. Define one differential RSTD report mapping table for each value of parameter .
Figure 1 illustrates an example of several RSTD measurements on the same TRP pair (TRP#0 and TRP#1). Each TRP can configure multiple PRS resources and UE measures multiple RSTD’s based on difference PRS resources on the same TRP pair. One specific RSTD measurement is used for reference and reported with absolute report mapping table (identified as green in Figure 1) and the rest are reported using differential report mapping. 



Figure 2 RSTD measurement on the same TRP pair
In our view, the smallest value of RSTD among the  RSTD measurements on the same TRP pair should be used for absolute reporting and the additional  measurements should be reported using differential reporting. As such, the differential RSTD report mapping table can be one-sided with covering only the positive range.
Proposal 8. Differential report mapping to be one-sided covering only the positive range. 
The maximum value of differential RSTD should be chosen such that noticeable savings in reporting overhead can be achieved. In our view, 8 us (which is equivalent to maximum RSTD uncertainty in FR2) can be used as the maximum value of differential RSTD for both FR1 and FR2. This would mean that differential RSTD reporting can cover an additional 2.4 km distance in propagation path compared to absolute reporting which is more than enough in our view. 
Proposal 9. Maximum range of differential RSTD report mapping table to be 8 us. 
Based on the above, our proposals for absolute and differential RSTD report mapping tables appear in Tables A-1 to A-7 (one for each value of parameter .) in the Appendix. Note that in each table the absolute RSTD range is [-0.5, 0.5] ms and differential RSTD range is [0, 8] us. 
Proposal 10. Absolute and differential RSTD report mapping tables to be as in Tables A-1 to A-7.
Tables A-1 to A-7 can be signaled via the CHOICE structure in ASN.1. For instance, RSTD value in the measurement report IE can be:
    nr-RSTD-r16 CHOICE {
		k1m     INTEGER (0..3932161),
		k0		INTEGER (0..1966081),
		k1		INTEGER (0..983041),
		k2		INTEGER (0..491521),
		k3		INTEGER	(0..245761),
		k4		INTEGER	(0..122881),
		k5		INTEGER	(0..61441)
		}

Finally, it is observed that 
Observation 1. Absolute RSTD report mapping table requires 22, 21, …, 16 bits for , respectively. Differential RSTD report mapping table requires 15, 14, …, 9 bits for , respectively, which achieves a signaling overhead reduction of 56% – 68%. 
Measurement capability & reporting criteria
In the RAN1 agreement, capabilities regarding maximum number of PRS resources that UE can advertise to be capable of measuring are listed as in the following. Subsequently, further discussions in RAN1 feature list are ongoing which enables UE to signal the following separately for each positioning method:
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
Note: This does not constrain in any way how features and feature sets are defined. The values in the table above may or may not be signalled to be different for different features or feature sets.


In our view, RAN4 should not define a minimum value for number of RSTD measurements that UE is capable of reporting. This holds for number of supported positioning frequency layers as well.
In previous meeting, some companies proposed including PRS-RSRP report in PRS-RSTD measurement capability and reporting criteria. In our understanding, PRS-RSRP reporting in DL-TDOA or multi-RTT positioning methods are optional UE capabilities. The snippet in Section 4 from RAN2 LS also clearly indicate that PRS-RSRP is optionally reported in the measurement report IE.  
Observation 2. PRS-RSRP reporting in DL-TDOA positioning method via RSTD reporting is an optional UE capability. 
Hence, it is proposed that:
Proposal 11. In DL-TDOA and for each positioning session, Ecat = 1 per positioning frequency layer where the number of RSTD measurement reports per positioning frequency layer is according to UE’s signaled capabilities.
Measurement requirements
 Measurement period
Measurement period was discussed in the previous RAN4 meeting with some contributions presenting more details on its formulation (e.g., [7][8]). In parallel to RAN4 discussions, UE feature list and capability signaling for NR positioning is being discussed in RAN1 whose outcome can impact the measurement period formulation. 
RAN1 agreements on PRS processing capability are as follows:
Agreement:
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability
Agreement:
A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined.
This limit can be signalled as a UE capability.



So there are two separate capabilities for PRS processing, one related to number of PRS resources and one related to PRS symbols. In [8], we referred to these two capabilities as:
· A limit on the maximum number N1 of DL PRS resources the UE is expected to measure across all TRPs and frequency layers within a measurement window of T1 msec reported as a list of duplets {N1, T1} 

· A limit on the maximum number of symbols N2 containing PRS resources of maximum bandwidth the UE is expected to measure within a measurement window of T2 msec reported as a list of duplets {N2, T2} 
RAN1 is further discussing whether multiple pairs of processing capabilities should be introduced (e.g., for processing with MG or without MG, or even multiple pairs without MG). For now, let’s proceed with the existing RAN1 agreements. Also, assume that LPRS represents the span of a PRS occasion defined as the time from the first symbol of the earliest PRS resource to the last symbol of latest PRS resource.
It was argued by some companies in the last meeting that if UE signals its capability to process  ms of PRS symbols every  ms, then  otherwise the measurement requirements do not apply. We disagree with this notion. In our understanding, there is no need to limit the time spanned by all DL PRS resources to  ms. Only the time spanned by each DL PRS resource (i.e., the time duration spanned after repetition by DL-PRS-ResourceRepetitionFactor) including the search window indicated by the corresponding to DL-PRS-expectedRSTD-uncertainty should be less than, or equal to,  ms. If not, measurement requirements do not apply. If so, then UE can process LPRS in chunks of  ms in a round-robin fashion which means that the measurement period scales according to UE capabilities {Ni, Ti} and duration LPRS similar to LTE OTDOA measurement period.
Proposal 12. 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 any of the UE’s signaled processing capabilities, measurement requirements do not apply. 
Proposal 13. The measurement period scales according to UE capabilities .
It is possible that PRS resources are configured with difference periodicities. Similar to LTE OTDOA, the measurement period should be formulated based on maximum periodicity value; .
Proposal 14. Measurement period to be based on maximum periodicity value; , among all configured DL PRS resources.

Time required for PRS processing: 

The time required for PRS processing of configured resources is a function of the duplet {N1, T1}. Figure 3 illustrates an example of several PRS resources spanning a time duration (LPRS) in ms, corresponding to the time lapse from the first symbol of the earliest PRS resource to the last symbol of latest PRS resource. The periodicity of these PRS resources are assumed to be all equal to TPRS. The time required to consume  PRS resources according to duplet {N1, T1} is:




However, this is subject to presence of PRS resources in a slot which is periodic. Given length LPRS appearing every TPRS , the total number of required periods, in units of TPRS , for PRS processing can be expressed as:





Figure 3 Time duration spanned by all DL PRS resources (LPRS) and PRS periodicity (TPRS) with SCS = 15 kHz

Observation 3. The total number of required PRS periods, in units of TPRS to process PRS resources is  where  and {N1, T1} is the signalled capability duplet for PRS processing. 


Time required for PRS buffering: 
Similarly, the time required for PRS buffering of configured resources is a function of duplet {N2, T2}. The time required to consume  PRS symbols according to duplet {N2, T2} is:



Where  corresponds to the total number of PRS symbols from  PRS resources. This number depends on the PRS configurations (e.g., comb pattern, DL-PRS-ResourceRepetitionFactor, …). The total number of PRS periods, in units of TPRS , required for PRS buffering can be expressed as:



Observation 4. The total number of PRS periods, in units of TPRS, required to buffer PRS symbols is   where  and {N2, T2} is the signalled capability duplet for PRS buffering.

Regarding UE Rx beam sweeping, some companies proposed a similar approach to UE Rx beam sweeping in R15 RRM measurements which simply scales the measurement period by a scaling factor assuming that UE receives each instance (or occasion) of PRS with a fixed Rx beam. 
Our view is that the intention of introducing large values for repetition factor, DL-PRS-ResourceRepetitionFactor, is to enable UE Rx beam sweeping within an instance (or occasion) of PRS similar to the so-called P3 beam management which corresponds to repetition ON. It is noted, however, that a portion of the repetition slots may have to be used for UE to meet the accuracy requirements. If DL-PRS-ResourceRepetitionFactor is configured to be larger than the repetition needed for accuracy requirements and if the repetition slots are available to UE (not muted), then UE can sweep its Rx beam. 
More concretely, the UE Rx beam sweeping factor for FR2 can be expressed as:

Where is the number of repetitions needed to meet the accuracy requirements (to be determined by link-level simulation campaign) and  is the minimum number of available (not muted) repetition slots among all configured DL PRS resources assuming that   (otherwise, accuracy requirements cannot be met).
Proposal 15. UE sweeps its Rx beams within a PRS instance (occasion) if the number of repetitions, DL-PRS-ResourceRepetitionFactor, is larger than what is required to meet the accuracy requirements. If not, UE sweeps its Rx beams across PRS instances (occasions).

Finally, the measurement period formula for one frequency layer can be expressed as:


 
Which accounts for both processing and buffering capability of UE. 
Proposal 16. PRS-RSTD measurement period for each frequency layer can be expressed as 

Where
·  is the Rx beam sweeping factor, 
·  is the scaling factor due to UE processing time capability ,
·  is the scaling factor due to UE buffering time capability 

The measurement period adds up for each frequency layer that is configured to be measured. It is noted that 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 17. 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 

 Measurement accuracy
As supported by our simulation results in [6], 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. 
Proposal 18. PRS-RSTD measurement accuracy requirements to be defined using samples from only one DL PRS resource repetition for reference and neighbor, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor.  Combining measurements across PRS repetitions, if possible and available, to improve performance should be left to UE implementation.
Conclusions
Proposal 1. 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. 
Proposal 2. UE expects to be configured with at most one intra-frequency positioning frequency layer within its active DL BWP. 
Proposal 3. Define RSTD report mapping table for k = -1.
Proposal 4. Define one absolute RSTD report mapping table for each value of parameter .
Proposal 5. Use uniform granularity for each RSTD report mapping table.
Proposal 6. RSTD accuracy requirements are not applicable if  
Proposal 7. Define one differential RSTD report mapping table for each value of parameter .
Proposal 8. Differential report mapping to be one-sided covering only the positive range. 
Proposal 9. Maximum range of differential RSTD report mapping table to be 8 us. 
Proposal 10. Absolute and differential RSTD report mapping tables to be as in Tables A-1 to A-7.
Observation 1. Absolute RSTD report mapping table requires 22, 21, …, 16 bits for , respectively. Differential RSTD report mapping table requires 15, 14, …, 9 bits for , respectively, which achieves a signaling overhead reduction of 56% – 68%. 
Observation 2. PRS-RSRP reporting in DL-TDOA positioning method via RSTD reporting is an optional UE capability. 
Proposal 11. In DL-TDOA and for each positioning session, Ecat = 1 per positioning frequency layer where the number of RSTD measurement reports per positioning frequency layer is according to UE’s signaled capabilities.
Proposal 12. 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 any of the UE’s signaled processing capabilities, measurement requirements do not apply. 
Proposal 13. The measurement period scales according to UE capabilities .
Proposal 14. Measurement period to be based on maximum periodicity value; , among all configured DL PRS resources.
Observation 3. The total number of required PRS periods, in units of TPRS to process PRS resources is  where  and {N1, T1} is the signalled capability duplet for PRS processing. 

Observation 4. The total number of PRS periods, in units of TPRS, required to buffer PRS symbols is   where  and {N2, T2} is the signalled capability duplet for PRS buffering.

Proposal 15. UE sweeps its Rx beams within a PRS instance (occasion) if the number of repetitions, DL-PRS-ResourceRepetitionFactor, is larger than what is required to meet the accuracy requirements. If not, UE sweeps its Rx beams across PRS instances (occasions).

Proposal 16. PRS-RSTD measurement period for each frequency layer can be expressed as 

Where
·  is the Rx beam sweeping factor, 
·  is the scaling factor due to UE processing time capability ,
·  is the scaling factor due to UE buffering time capability 

Proposal 17. 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 18. PRS-RSTD measurement accuracy requirements to be defined using samples from only one DL PRS resource repetition for reference and neighbor, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor.  Combining measurements across PRS repetitions, if possible and available, to improve performance should be left to UE implementation.
Appendix RSTD report mapping tables
Table A-1 – Absolute (left) and differential (right) RSTD report mapping table for   (units of Tc). Measured quantity value in differential report mapping table is from smallest RSTD. Absolute and differential RSTD tables require 22 and 15 bits, respectively. 
		Reported value
	Measured quantity value

	RSTD_0
	RSTD < -983040.0

	RSTD_1
	-983040.0 ≤ RSTD < -983039.5

	RSTD_2
	-983039.5 ≤ RSTD < -983039.0

	…
	…

	RSTD_1966081
	0.0 ≤ RSTD < 0.5

	…
	…

	RSTD_3932160
	983039.5 ≤ RSTD < 983040.0

	RSTD_3932161
	RSTD ≥ 983040.0



		Reported value
	Measured quantity value

	RSTDDIFF_0
	0.0 ≤ ΔRSTD < 0.5

	RSTDDIFF_1
	0.5 ≤ ΔRSTD < 1.0

	RSTDDIFF_2
	1.0 ≤ ΔRSTD < 1.5

	…
	…

	…
	…

	RSTDDIFF_31487
	15743.0 ≤ ΔRSTD < 15743.5

	RSTDDIFF_31488
	15743.5 ≤ ΔRSTD < 15744.0

	RSTDDIFF_31489
	ΔRSTD ≥ 15744.0






Table A-2 – Absolute (left) and differential (right) RSTD report mapping table for  (units of Tc). Measured quantity value in differential report mapping table is from smallest RSTD. Absolute and differential RSTD tables require 21 and 14 bits, respectively. 
		Reported value
	Measured quantity value

	RSTD_0
	RSTD < -983040

	RSTD_1
	-983040 ≤ RSTD < -983039

	RSTD_2
	-983039 ≤ RSTD < -983038

	…
	…

	RSTD_983041
	0 ≤ RSTD < 1

	…
	…

	RSTD_1966080
	983039 ≤ RSTD < 983040

	RSTD_1966081
	RSTD ≥ 983040



		Reported value
	Measured quantity value

	RSTDDIFF_0
	0 ≤ ΔRSTD < 1

	RSTDDIFF_1
	1 ≤ ΔRSTD < 2

	RSTDDIFF_2
	2 ≤ ΔRSTD < 3

	…
	…

	…
	…

	RSTDDIFF_15743
	15742 ≤ ΔRSTD < 15743

	RSTDDIFF_15744
	15743 ≤ ΔRSTD < 15744

	RSTDDIFF_15745
	ΔRSTD ≥ 15744






Table A-3 – Absolute (left) and differential (right) RSTD report mapping table for  (units of Tc). Measured quantity value in differential report mapping table is from smallest RSTD. Absolute and differential RSTD tables require 20 and 13 bits, respectively. 
		Reported value
	Measured quantity value

	RSTD_0
	RSTD < -983040

	RSTD_1
	-983040 ≤ RSTD < -983038

	RSTD_2
	-983038 ≤ RSTD < -983036

	…
	…

	RSTD_491521
	0 ≤ RSTD < 2

	…
	…

	RSTD_983040
	983038 ≤ RSTD < 983040

	RSTD_983041
	RSTD ≥ 983040



		Reported value
	Measured quantity value

	RSTDDIFF_0
	0 ≤ ΔRSTD < 2

	RSTDDIFF_1
	2 ≤ ΔRSTD < 4

	RSTDDIFF_2
	4 ≤ ΔRSTD < 6

	…
	…

	…
	…

	RSTDDIFF_7871
	15740 ≤ ΔRSTD < 15742

	RSTDDIFF_7872
	15742 ≤ ΔRSTD < 15744

	RSTDDIFF_7873
	ΔRSTD ≥ 15744






Table A-4 – Absolute (left) and differential (right) RSTD report mapping table for  (units of Tc). Measured quantity value in differential report mapping table is from smallest RSTD. Absolute and differential RSTD tables require 19 and 12 bits, respectively. 
		Reported value
	Measured quantity value

	RSTD_0
	RSTD < -983040

	RSTD_1
	-983040 ≤ RSTD < -983036

	RSTD_2
	-983036 ≤ RSTD < -983032

	…
	…

	RSTD_245761
	0 ≤ RSTD < 4

	…
	…

	RSTD_491520
	983036 ≤ RSTD < 983040

	RSTD_491521
	RSTD ≥ 983040



		Reported value
	Measured quantity value

	RSTDDIFF_0
	0 ≤ ΔRSTD < 4

	RSTDDIFF_1
	4 ≤ ΔRSTD < 8

	RSTDDIFF_2
	8 ≤ ΔRSTD < 12

	…
	…

	…
	…

	RSTDDIFF_3935
	15736 ≤ ΔRSTD < 15740

	RSTDDIFF_3936
	15740 ≤ ΔRSTD < 15744

	RSTDDIFF_3937
	ΔRSTD ≥ 15744






Table A-5 – Absolute (left) and differential (right) RSTD report mapping table for  (units of Tc). Measured quantity value in differential report mapping table is from smallest RSTD. Absolute and differential RSTD tables require 18 and 11 bits, respectively. 
		Reported value
	Measured quantity value

	RSTD_0
	RSTD < -983040

	RSTD_1
	-983040 ≤ RSTD < -983032

	RSTD_2
	-983032 ≤ RSTD < -983024

	…
	…

	RSTD_122881
	0 ≤ RSTD < 8

	…
	…

	RSTD_245760
	983032 ≤ RSTD < 983040

	RSTD_245761
	RSTD ≥ 983040



		Reported value
	Measured quantity value

	RSTDDIFF_0
	0 ≤ ΔRSTD < 8

	RSTDDIFF_1
	8 ≤ ΔRSTD < 16

	RSTDDIFF_2
	16 ≤ ΔRSTD < 32

	…
	…

	…
	…

	RSTDDIFF_1965
	15728 ≤ ΔRSTD < 15736

	RSTDDIFF_1968
	15736 ≤ ΔRSTD < 15744

	RSTDDIFF_1969
	ΔRSTD ≥ 15744






Table A-6 – Absolute (left) and differential (right) RSTD report mapping table for  (units of Tc). Measured quantity value in differential report mapping table is from smallest RSTD. Absolute and differential RSTD tables require 17 and 10 bits, respectively. 
		Reported value
	Measured quantity value

	RSTD_0
	RSTD < -983040

	RSTD_1
	-983040 ≤ RSTD < -983024

	RSTD_2
	-983024 ≤ RSTD < -983008

	…
	…

	RSTD_61441
	0 ≤ RSTD < 16

	…
	…

	RSTD_122880
	983024 ≤ RSTD < 983040

	RSTD_122881
	RSTD ≥ 983040



		Reported value
	Measured quantity value

	RSTDDIFF_0
	0 ≤ ΔRSTD < 16

	RSTDDIFF_1
	16 ≤ ΔRSTD < 32

	RSTDDIFF_2
	32 ≤ ΔRSTD < 48

	…
	…

	…
	…

	RSTDDIFF_983
	15712 ≤ ΔRSTD < 15728

	RSTDDIFF_984
	15728 ≤ ΔRSTD < 15744

	RSTDDIFF_985
	ΔRSTD ≥ 15744






Table A-7 – Absolute (left) and differential (right) RSTD report mapping table for  (units of Tc). Measured quantity value in differential report mapping table is from smallest RSTD. Absolute and differential RSTD tables require 16 and 9 bits, respectively. 
		Reported value
	Measured quantity value

	RSTD_0
	RSTD < -983040

	RSTD_1
	-983040 ≤ RSTD < -983008

	RSTD_2
	-983008 ≤ RSTD < -982976

	…
	…

	RSTD_30721
	0 ≤ RSTD < 32

	…
	…

	RSTD_61440
	983008 ≤ RSTD < 983040

	RSTD_61441
	RSTD ≥ 983040



		Reported value
	Measured quantity value

	RSTDDIFF_0
	0 ≤ ΔRSTD < 32

	RSTDDIFF_1
	32 ≤ ΔRSTD < 64

	RSTDDIFF_2
	64 ≤ ΔRSTD < 96

	…
	…

	…
	…

	RSTDDIFF_491
	15680 ≤ ΔRSTD < 15712

	RSTDDIFF_492
	15712 ≤ ΔRSTD < 15744

	RSTDDIFF_493
	ΔRSTD ≥ 15744
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