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Introduction
The RRM requirements for RSTD measurements are discussed in RAN4#95-e, and the outcomes are captured in the WF [1]. 
The remaining open issues are 
1) Measurement period 
2) Measurement capability
3) Side condition and accuracy
4) Report mapping
5) Scheduling restriction for FR1
Based on the discussions in RAN#88, issue 1-2 are critical for core part completion and are listed in the exception sheet for the WI [2], issue 3-4 are considered for performance part, while issue 5) is not considered as an open issue based on RAN1/4 agreement to only define requirements for PRS measurement with MG.
In this paper we will provide our views on the remaining issues in RSTD requirements.
Discussion
0. Measurement period
Based on discussions in RAN4#95-e [1], there are several sub-issues for defining measurement period requirements for RSTD. They will be addressed in subsection 2.1.1 to 2.1.x, and subsection 2.1.y will provide a summary proposal combining all the sub-issues.
PRS occasion number
	· 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


In our view, similar as in LTE requirements, RSTD measurement period should be defined as the time for a number of PRS occasions plus some margin for UE sampling and processing time. The definition of PRS occasion is thus important foundation for the measurement period requirements. Our understanding about PRS occasion is shown in Figure 1 (the expected-RSTD uncertainty is not shown), which is aligned with option 1 in [1].
[image: ]
Figure 1: Illustration of PRS occasions
The PRS measurement is performed based on PRS period, i.e. UE takes samples for the PRS occasion and processes them every PRS period. Within a PRS occasion, the PRS resource can be repeated 
· on symbol level within a slot, e.g. in Figure 1 the resource is configured with comb size 2 and the symbol size per slot is 4 so the resource is repeated twice within a slot, and
· on slot level within a PRS period, e.g. in Figure 1 the resource is repeated in four consecutive slots
UE will take all the repetitions (subject to its sampling capability as discussed in sub-section 2.1.3) to generate a TOA estimation per PRS occasion, so one single DL PRS repetition in option 2 or one comb pattern without being repeated in option 3 is not meaningful in defining the measurement period.
Proposal 1-1: Adopt option 1 for defining PRS occasion: PRS occasion is the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor ± its corresponding DL-PRS-expectedRSTD-uncertainty.
As to the basic number of PRS occasions, our preference is option 1. Although we suggest the accuracy requirements to be defined based on single PRS occasion, 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 (which is the only case RAN4 will specify requirements for in Rel-16) AGC is needed as the power level for PRS measurement may be quite different from that for serving cell demodulation. Therefore some margin should be considered in the measurement period requirements, and we propose the basic number of PRS occasions as 4 which is same as the assumption in LTE.
Option 2 means UE generates TOA estimation based on coherent combining of samples across multiple PRS occasions/periods, which is quite different assumption from normal UE implementation. On the other hand, we agree with option 2 in that the resource repetitions, either on symbol level or slot level, may impact the measurement performance, but this should be accounted in accuracy requirements (e.g. by defining different accuracies for different repetition levels) instead of the generic  core requirements.
Proposal 1-2: Adopt option 1 for basic number of PRS occasions: X=4.
Periodicity of PRS measurement 
	· FFS: Periodicity of PRS measurement  
· Option 1. 
· Option 2. 
· other options not precluded
· Companies are encouraged to check on all possible values for T, Tprs and MGRP


During RAN4#95-e, most companies agreed that the UE processing capability should be considered in determining how often a PRS resource is measured, i.e. the direction of option 1. Option 1 was not agreed because it does not work for some combinations of . The possible values are
· : {4,5,8,10,16,20,32,40,64,80,160,320,640,1280,2560,5120,10240}ms
· : {20,40,80,160,[320]}ms
· : {8,16,20,30,40,80,160,320,640,1280}ms
First, the valid measurement opportunities are determined by  and , as UE can only measure a PRS resource is the PRS occasion falls in MG. As some  values are not dividable by , the periodicity  with which a PRS resource is available for measurement is determined by the LCM (least common multiple) of  and . For example, if  = 64ms and  = 80ms, PRS will fall in MG every  = LCM(64,80) = 320ms.
Next, the periodicity of the measurement is limited by , i.e. UE cannot sample or process another PRS occasion until it complete processing the current PRS occasion. 
· If , UE can take PRS measurement every , i.e. at every PRS occasion available for measurement;
· If , UE would skip the available PRS occasions within  and can take PRS measurement in the next available PRS occasion after . The only case is  = 30ms and  = 20ms, where UE measures every 40ms.
A generic effective periodicity of PRS measurement for all cases can be defined as  = , where  is the least common multiple of  and .
	· FFS Measurement period with multiple PRS periodicities
· Option 1. Use the maximum PRS resource periodicity among all PRS resources
· Option 2. LMF needs not to provide multiple PRS periodicity to UE with a single layer at least
other options not precluded


When network configures multiple PRS periodicities () for PRS resources per PRS layer, same as in LTE, the largest periodicity among all resources should be used to define the measurement period requirements, i.e. option 1. 
Option 2 essentially imposes a restriction on the network side. The periodicity of PRS resources is configured at resource set level, meaning it can be different for different TRPs. We do not see the need for such a restriction since the UE measurement requirements can be defined based on option 1.
Proposal 1-3: Periodicity of effective PRS measurement is = , where  is the least common multiple of  and , and  is the maximum PRS resource periodicity among all PRS resources of a frequency layer.
Buffering and processing capability
UE buffering and processing capability for PRS measurement is defined in RAN1 feature list [3].
	1. Maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a)	FR1 bands: {5, 10, 20, 40, 50, 80, 100}
b)	FR2 bands: {50, 100, 200, 400}
2. DL PRS buffering capability: Type 1 or Type 2
a) Type 1 – sub-slot/symbol level buffering
b) Type 2 – slot level buffering
3. Duration of DL PRS symbols N 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, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms
4. Max number of DL PRS resources that UE can process in a slot under it
a. FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
b. FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz


In [1] the following options are listed based on discussions in RAN4#95-e.
	· FFS: Scaling of PRS occasions due to UE processing capability
· Option 1.   
· Option 2. Depends on T and Tprs
· , if Tprs <= T
· , of Tprs > T
· Option 3. 
· other options not precluded
· FFS: requirements do not apply for resources spanning over two sampling periods of N
· FFS: requirements apply provided that the configured PRS duration K is no larger than N


The capability indicates that for every Tms UE can buffer PRS symbols of duration up to Nms provided that the number of PRS resources per slot is no more than N’. 
For measurement period requirements, 
· If the length of aggregate PRS occasion (the union of the PRS occasions of individual PRS resources)  is no more than N, UE should be able to buffer all the PRS symbols within . Otherwise, UE needs more PRS occasions to buffer all the PRS symbols, and this gives the scaling factor  on number of effective PRS occasions. 
· The scaling factor means UE buffers the aggregate PRS occasion in multiple blocks with each block covering PRS symbols duration of up to Nms. On the other hand, depending on PRS configuration, a PRS resource can span over two block as we illustrated in Figure 1 of our previous paper [4]. We think the measurement requirements should not apply for such a resource as it cannot be processed completely within a PRS occasion. 
· As requirements are only defined for PRS measurement with MG,  should be the length of aggregate PRS occasion that falls within the effective measurement time of a MG.
· If the number of PRS resources per slot  is no more than N’, UE should be able to process all the PRS resources in every slot within . Otherwise, UE needs more PRS occasions to process all the PRS resources in all the slots, and this gives the scaling factor of  on number of PRS occasions.
· In RAN4#95-e, some companies commented that if the effective measurement periodicity is larger than , UE will have more time to process the buffered PRS resources, so the scaling due to processing should be reduced. We agree with this principle, and for example, if UE indicates it can process at most 8 resources per slot every 80ms, and the effective periodicity of PRS measurement is 160ms, then UE should be able to process 16 resources per slot within 160ms instead of 320ms.
· As the number of PRS resources can be different in different slots,  should be defined as the maximum number of PRS resources per slot among all slots within .
· If while , the scaling factor should be . Similarly, if If while , the scaling factor should be  . If while , UE will need to buffer with multiple blocks, and for each block multiple PRS occasions to process  resources per slot, so the overall scaling factor is .
Proposal 1-4: The scaling factor due to buffering and processing capability is ,
·  is the length of the aggregate PRS occasion that falls within the effective measurement time of a MG, and
·  is the maximum number of PRS resources per slot among all slots within , and 
· The requirements do not apply for resources spanning over two sampling periods of.
	· FFS: Calculation of PRS occasion duration
· Option 1. RAN4 to define RSTD measurement period based on Type 2 PRS duration calculation. RSTD measurement period for Type 1 PRS duration calculation shall be no longer than Type 2.
· Option 2. measurement period requirements are defined based the type (type 1 or type 2) as UE used to report {N,T}
· other options not precluded


The length of the aggregate PRS occasion can be calculated in two ways as defined in clause 6.1.5.6 of 38.214, namely type 1 and type 2. Selection between the two types is up to UE and is indicated to network when UE reports the buffering and processing capability (component 2). In our view, it is more reasonable to use the UE selected type for calculating  for the measurement period requirements. 
In RAN4#95-e, some companies proposed to base the calculation on type 2, and the same requirements apply for both type 1 and type 2 UEs. We agree that the resulted length with type 1 will be smaller than that with type 2, so the measurement period for type 1 UE will be no longer than type 2 UE, but in this way the requirements for type 1 UE is sub-optimal and unnecessarily relaxed, and we do not see the clear benefit to use type 2 as default instead of the type UE reported. 
We thus suggest to adopt option 2 for the calculation of , as it is straightforward and the specification effort is minor (just reference to 38.214).
Proposal 1-5: Adopt option 2 for calculation of PRS occasion duration: based the type (type 1 or type 2) UE reported.
Sampling and processing time
	· FFS: Sampling and processing time
· Option 1: T
· Option 2.
· other options not precluded


The sampling and processing time is the margin for UE to process the last PRS occasion in the measurement period. It is to avoid the case where measurement period ends right after the last required PRS occasion. In LTE this time is defined as 160ms or 320ms:
	

 =  ms is the measurement time for a single PRS positioning occasion which includes the sampling time and the processing time.


In NR, as the processing time  is reported as capability, it is reasonable to take this time as processing margin. However, this is the case only when UE is not required to process more than  PRS resources per slot. As discussed in subsection 2.1.3, depending on how the scaling factor is designed, UE may be required to process more than  resources per slot, e.g. if UE indicates it can process at most  resources per slot every , and the effective periodicity of PRS measurement is , then the number of effective PRS occasions is not scaled and the processing time is actually 160ms. In such cases, the sampling and processing margin should be also scaled accordingly. 
As the number of effective PRS occasions for processing  PRS resource per slot is scaled by , UE is required to process  PRS resources per slot per effective occasion. As UE is capable to process  PRS resources per slot per , the sampling and processing margin should be .
Proposal 1-6: Sampling and processing time is defined as .
FR2 Rx beam sweeping
	· 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


The remaining issue in the scaling factor for FR2 Rx beam sweeping is how to handle the case when the QCL information is available to the UE. In our view, Rx beam sweeping can be avoided if 
· The QCL source is detected, and
· This is depending on network configuration and UE implementation. E.g. UE is not required to perform additional RRM measurement for PRS measurement, and the side condition for SSB detection is much higher than that for PRS detection.
· UE is not required to measure PRS resources from multiple TRPs (directions) on the same OFDM symbol
· This is also depending on network configuration, but typically network would align the PRS transmission from multiple TRPs in time domain, so it is likely that PRS resources from multiple TRPs are in the same OFDM symbols.
Considering above and the limited time to complete the requirements, our suggestion is to adopt option 2.
Proposal 1-7: Adopt option 2 for FR2 Rx beam sweeping when the QCL information is available to the UE: Rx beam sweeping is assumed in defining the measurement period requirements.
Multiple frequency layers
	· FFS Measurement period with multiple PRS frequency layers
· Option 1. Measurement periods adds up for each frequency layer that is configured to be measured
· Option 2. Measurement period is scaled by number of frequency layers
· Option 3. Based on CSSF


When there are multiple PRS frequency layers to be measured, the overall measurement period should be defined based on option 1, i.e. as the sum of the measurement period of each individual PRS layer. 
Option 2 will result at carrier specific measurement period, which is meaningful for RRM but not for positioning. Also, it will make the requirements unnecessarily relaxed for some configurations, e.g. when the effective PRS occasion periodicity is different for different PRS layers.
Option 3 does not actually work because the current algorithm for deriving CSSF cannot be applied for PRS layers. One key difference between PRS measurement and RRM measurement is that UE needs processing time. For example, in Figure 2, the two PRS layers are both with 80ms periodicity but different offsets (0 and 40ms), following current requirements, CSSF for both PRS layers are 1, but assuming UE buffers PRS layer 1 at the 1st gap occasion, it needs processing time of T=80ms before it can take the next PRS measurement, either on layer 1 or layer 2, so the 2nd gap occasion cannot be used for PRS layer 2. 
Figure 2: Example of PRS and MG configuration[image: ]
On the other hand, in [5] it is agreed that
	· Re-use the handling of LTE PRS in Rel-15 CSSF for gap sharing between NR PRS and RRM.


Gap sharing with RRM measurement should be accounted in PRS measurement period, so the measurement period of each individual PRS layer i should be scaled by CSSF_i. We will discuss the details of gap sharing between PRS and RRM in our companion paper [6].
Proposal 1-8: When multiple PRS layers are measured, the overall measurement period is defined as , where  is the scaling factor for gap sharing between PRS layer i and RRM measurements.
Other factors
	· 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


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 1-9: SSB collision is not accounted in PRS measurement period. The PRS measurement requirements apply PRS occasions are not dropped due to collision with SSB.
	· FFS Measurement period exceeding responseTime
· Option 1. Extension of positioning measurement period due to HO shall not exceed responseTime. UE behaviour in such case is FFS.
· Option 2. No RAN4 impact
· Option 3. Measurement period requirements on measurement period is independent of responseTime


Option 2 and option 3 are exclusive options. In our view, option 1 is not feasible. The measurement period is time UE should be able to complete the measurement, and as discussed in previous subsections, it depends on many factors in network configuration and UE implementations. responseTime, on the other hand, is a network configuration, and can range from 1s to 1280s. Even without extension due to HO, the measurement period can be already longer than responseTime, e.g. if responseTime is configured as 1s and PRS periodicity is 10.24s. Therefore, measurement period requirements should be defined independent of responseTime.
responseTime is the time when network expects UE measurement reporting. UE should report according to responseTime regardless of whether it has completed a measurement period. When the measurement period is larger than responseTime, UE may not be able to report for all the PRS resources it is supposed to measure, so the results may be incomplete or inaccurate. However, we do not see the needs for RAN4 to specify any UE behaviour for this case. The same issue already exists in LTE, for which we have no requirement defined, and we do not see any difference in NR. 
Proposal 1-10: Measurement period requirements are defined independent of responseTime. RAN4 not to define any UE behaviour related to responseTime.
Summary
Combining all Proposals in section 2.1, the RSTD measurement period is suggested in Proposal 1.
Proposal 1: Define RSTD measurement period as 

where  is the index of PRS frequency layer,  is scaling factor for gap sharing between PRS layer i and RRM measurements, and  is the measurement period for PRS frequency layer i, with

where 
 is the scaling factor for UE buffering and processing capability for PRS layer i defined as
where  is the length of the aggregate PRS occasion of PRS layer i that falls within the effective measurement time of a MG,  is the maximum number of PRS resources per slot among all slots within , and the requirements do not apply for resources spanning over two sampling periods of;
is the scaling factor for Rx beam sweeping, and =1 if PRS layer i is in FR1 and =8 if PRS layer i is in FR2;
 is the effective periodicity of the PRS layer i defined as 

where  is the least common multiple of  and ,  is the maximum PRS resource periodicity among all PRS resources of PRS layer i, and requirements apply provided that PRS occasions are not dropped due to collision with SSB;
 is the sampling and processing time for PRS layer i defined as 

where  is the duration of DL PRS symbols in units of ms a UE can process every  ms assuming maximum DL PRS bandwidth in MHz, and  is the maximum number of DL PRS resources that UE can process in a slot. ,  and  are reported UE capability.
Measurement capability
	· FFS: RAN4 not define measurement capability requirements for PRS measurement 


In LTE, the measurement capability requirements are defined for RSTD measurement in terms of 
· Number of frequency layers
· Number of cells across all frequency layers 
In NR, based on the latest RAN1 feature list [3], UE capability are defined for 
· Number of frequency layers (component 3 of 13-2, 13-3 and 13-4)
· Number of cells across all frequency layers (component 2 of 13-2, 13-3 and 13-4)
· Number of resource sets per TRP (component 1 of 13-2, 13-3 and 13-4)
· Number of resources per resource set (component 1 of 13-2a, 13-3a and 13-4a)
· Number of resources per frequency layer (component 2 of 13-2a, 13-3a and 13-4a)
· Number of resources per UE (13-2b, 13-3b and 13-4b)
It can be seen that, the measurement capability requirements defined in LTE are no longer necessary in NR as the corresponding requirements are reflected in UE reported capabilities. NR has defined more additional reported, which means a full and detailed picture of UE PRS processing capabilities are already given by the reported UE capabilities. Therefore, we see no need for RAN4 to define any capability requirement. 
Proposal 2: RAN4 not to define any measurement capability requirements for PRS measurement.
	· FFS: Requirements when PRS configuration in assistance data exceeds reported capabilities


As the PRS processing capability is UE specific, while the assistance data can be broadcasted, it is possible that the PRS configuration as provided in the assistance data exceeds the UE reported capabilities, e.g. the number of PRS resources per UE across all PRS layers is 400 while UE indicates support of 256.
In this case, UE can only measure a subset of PRS resources based on its capabilities. In LTE the priority of PRS resources are defined in 37.355 where the first cell in the configuration list is given the highest priority. In NR, RAN1 is discussing the prioritization rule based on the signalling structure for NR assistance data. As the issue is addressed by RAN1 and to be captured in RAN2 spec, we do not see the need for RAN4 to further define any requirements when PRS configuration in assistance data exceeds reported capabilities.
Proposal 3: RAN4 not to define any requirements for the case 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.   


In RAN4#95-e, it was discussed that if the time span of a DL PRS resource instance is greater than the reported buffering capability , measurement requirements do not apply. We think the proposal makes sense, as an instance of a single PRS resource should be buffered and processed by UE with one PRS occasion/period, and coherent combining of a PRS resource across more than one PRS occasions/periods is not typical UE implementation.  
Proposal 4: If the time span of a DL PRS resource instance is greater than UE reported capability N, measurement requirements do not apply for this resource.
RAN4 has received an LS from RAN1 [7] with the RAN4 action related to measurement capability.
	Agreement:
· For the purpose of DL PRS processing capability with measurement gap, the maximum value of X = MGL/MGRP supported in specification should not exceed 30%
· Send LS to RAN4 WG
· Inform RAN4 WG that RAN1 WG has discussed the value X for UE DL PRS processing capability with measurement gap and has agreed that value of X supported in specification should not exceed 30%
· It is up to RAN4 to discuss and define value of X within 30% upper bound


According to RAN1, the UE buffering and processing capability is defined assuming a configured MG, and the maximum value of X=MGL/MGRP for the assumed MG should not exceed 30%. RAN4 is asked to discuss and define value of X within 30% upper bound. 
In RAN4#95-e, it is agreed in [1] to only define PRS measurement requirements for the case when PRS is measured with configured MG. In [5] it is agreed that all Rel-15 gap patterns are applicable for PRS measurement, and up to 2 new gap patterns may be defined. In Table 1 we listed the values of X for all Rel-15 gap patterns.
Table 1: MGL/MGRP for the Rel-15 gap patterns
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)
	Resulted X=MGL/MGRP

	0
	6
	40
	15.00%

	1
	6
	80
	7.50%

	2
	3
	40
	7.50%

	3
	3
	80
	3.75%

	4
	6
	20
	30.00%

	5
	6
	160
	3.75%

	6
	4
	20
	20.00%

	7
	4
	40
	10.00%

	8
	4
	80
	5.00%

	9
	4
	160
	2.50%

	10
	3
	20
	15.00%

	11
	3
	160
	1.88%

	12
	5.5
	20
	27.50%

	13
	5.5
	40
	13.75%

	14
	5.5
	80
	6.88%

	15
	5.5
	160
	3.44%

	16
	3.5
	20
	17.50%

	17
	3.5
	40
	8.75%

	18
	3.5
	80
	4.38%

	19
	3.5
	160
	2.19%

	20
	1.5
	20
	7.50%

	21
	1.5
	40
	3.75%

	22
	1.5
	80
	1.88%

	23
	1.5
	160
	0.94%


In our view, the applicable values for X should only come from the applicable gap patterns. For example, if there is no measurement gap pattern with X=25%, 25% should not be an applicable value for X. On the other hand, assuming for all gap patterns the value of X is no more than 30% (this is the case for gap patterns in Table 1 and we assume the same for new gap patterns if defined), all the MGL/MGRP values from the gap patterns supported by the UE should be applicable values for X, i.e. if UE supports PRS measurement with gap pattern Y, it should be able to measure PRS based on reported buffering and processing capability when configured with gap pattern Y.
We suggest to feedback the above information to RAN1, and a draft LS reply is provided in Annex A.
Proposal 5: Reply to RAN1 LS [7] that the applicable values for X are MGL/MGRP values of the gap patterns that are applicable for PRS measurement and supported by the UE.
Side condition and accuracy
	· FFS: Side condition for RSTD measurement in FR2 
· Option 1. PRS SNR of reference cell to be -3 dB and the side condition for PRS SNR of neighbor cells to be -10 dB. 
· Option 2. 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. 


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 6: Side condition for RSTD accuracy requirements in FR2 is PRS Es/Iot of -3 dB for reference cell and -10 dB for neighbor cells.
	· FFS: Number of samples for RSTD accuracy
· FFS: Whether RSTD and UE Rx-Tx accuracy is agnostic to comb
· Companies are encouraged to study the impact of number of symbols within a slot 
· FFS: Assumption on antenna panel in defining accuracy requirements


Based on our simulation results, we see it is feasible to define RSTD accuracy based on one sample, which means one PRS occasion. As discussed in subsection 2.1.1, a PRS resource can be repeated within a PRS occasion and the accuracy requirements should be defined with proper resource repetitions assumptions. For example, with small PRS BW, the accuracy requirements can be defined with repetitions to get satisfactory performance, while with large PRS BW it can be defined without repetition.
Proposal 7: RSTD accuracy requirements are defined based on single shot measurement.
On the antenna panel assumption, in our view, it relates to the calibration margin in the accuracy. RAN4 has discussed the reference point for the timing related measurement, and the common understanding is that the calibration of timing between antenna and baseband may impact the accuracy. In FR2, the calibration error may be different for different antenna panels, so we agree to take the antenna panel as a consideration factor in accuracy requirements. The exact impact can be further studied when RAN4 defines the accuracy requirements in performance part.
However, we do not see a clear point in defining separate accuracy requirements for RSTD measured with same panel and RSTD measured with different panels. In real world, how panels are deployed and which panel is used to take a measurement from a certain TRP are up to UE implementation, so it is not possible to define when UE should use same or different antenna panels for the reference and neighbour cell.
Proposal 8: RAN4 not to define separate accuracy requirements for RSTD measured with same panel and with different panels.
Whether RSTD and UE Rx-Tx accuracy is agnostic to comb is a performance issue, which is addressed in our companion paper [8].
Report mapping 
	· 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}


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<=k1. Of course, it may be questionable if UE should report with a finer granularity than what network requested.
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. In our view, what is important is that UE should meet the accuracy requirements which are defined based on PRS configurations.
Proposal 9: RAN4 not to define relationship between k1 and k2, or separate range of k1/k2 for FR1 and FR2.
	· 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 
· Report mapping for additional path
· 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 +/- 8175 for all k values


In RAN4#95-e, it was found that for differential RSTD and Rx-Tx time difference report and for additional path report, the overall report range is different for different k values with constant reporting interval. For example, the following Table 2 from [9] shows the two options for additional path report mapping.
Table 2: Two options for additional path report mapping for k=5, from [9]
	Reported Quantity Value,
path_i
	Measured Quantity Value,
path
	Unit

	
	Option 1
	Option 2
	

	path_000
	path < -8175
	path < -8175
	Tc

	path_001
	-8175  path < -8143
	-8175  path < -8128
	Tc

	path_002
	-8143  path < -8111
	-8128  path < -8096
	Tc

	
	
	
	…

	path_256
	-15  path < 17
	0  path < 32
	Tc

	…
	…
	…
	…

	path_509
	8081  path < 8113
	8096  path < 8128
	Tc

	path_510
	8113  path < 8145
	8128  path < 8175
	Tc

	path_511
	8145  path
	8175  path
	Tc


Our preference is option 1. 
· The overall report range is not captured in RAN2, but only the number of entries matters for 37.355, so neither option 1 or option 2 will impact RAN2. 
· Option 2, however, lead to more complicated UE implementation, as the reporting interval for each entry is non-constant, so a simple look-up function cannot be used to map the measured value to the reported entry. 
· On the other hand, the difference between the two options in report range is at most 30Tc or 15.26ns, while the overall reporting range is +/- 4.16us. We do not think the loss of 15.26ns in the overall reporting range will cause any problem, as the edge values are anyway not going to be used.
Proposal 10: Adopt option 1 for report mapping for differential RSTD and Rx-Tx time difference report and additional path report: allow different overall reporting ranges for different k values.
Conclusions
In this paper we provided our views on RSTD measurement requirements.
Measurement period
Proposal 1-1: Adopt option 1 for defining PRS occasion: PRS occasion is the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor ± its corresponding DL-PRS-expectedRSTD-uncertainty.
Proposal 1-2: Adopt option 1 for basic number of PRS occasions: X=4.
Proposal 1-3: Periodicity of effective PRS measurement is = , where  is the least common multiple of  and , and  is the maximum PRS resource periodicity among all PRS resources of a frequency layer.
Proposal 1-4: The scaling factor due to buffering and processing capability is ,
·  is the length of the aggregate PRS occasion that falls within the effective measurement time of a MG, and
·  is the maximum number of PRS resources per slot among all slots within , and 
· The requirements do not apply for resources spanning over two sampling periods of.
Proposal 1-5: Adopt option 2 for calculation of PRS occasion duration: based the type (type 1 or type 2) UE reported.
Proposal 1-6: Sampling and processing time is defined as .
Proposal 1-7: Adopt option 2 for FR2 Rx beam sweeping when the QCL information is available to the UE: Rx beam sweeping is assumed in defining the measurement period requirements.
Proposal 1-8: When multiple PRS layers are measured, the overall measurement period is defined as , where  is the scaling factor for gap sharing between PRS layer i and RRM measurements.
Proposal 1-9: SSB collision is not accounted in PRS measurement period. The PRS measurement requirements apply PRS occasions are not dropped due to collision with SSB.
Proposal 1-10: Measurement period requirements are defined independent of responseTime. RAN4 not to define any UE behaviour related to responseTime.
Proposal 1: Define RSTD measurement period as 

where  is the index of PRS frequency layer,  is scaling factor for gap sharing between PRS layer i and RRM measurements, and  is the measurement period for PRS frequency layer i, with

where 
 is the scaling factor for UE buffering and processing capability for PRS layer i defined as
where  is the length of the aggregate PRS occasion of PRS layer i that falls within the effective measurement time of a MG,  is the maximum number of PRS resources per slot among all slots within , and the requirements do not apply for resources spanning over two sampling periods of;
is the scaling factor for Rx beam sweeping, and =1 if PRS layer i is in FR1 and =8 if PRS layer i is in FR2;
 is the effective periodicity of the PRS layer i defined as 

where  is the least common multiple of  and ,  is the maximum PRS resource periodicity among all PRS resources of PRS layer i, and requirements apply provided that PRS occasions are not dropped due to collision with SSB;
 is the sampling and processing time for PRS layer i defined as 

where  is the duration of DL PRS symbols in units of ms a UE can process every  ms assuming maximum DL PRS bandwidth in MHz, and  is the maximum number of DL PRS resources that UE can process in a slot. ,  and  are reported UE capability.
Measurement capability
Proposal 2: RAN4 not to define any measurement capability requirements for PRS measurement.
Proposal 3: RAN4 not to define any requirements for the case when PRS configuration in assistance data exceeds reported capabilities.
Proposal 4: If the time span of a DL PRS resource instance is greater than UE reported capability N, measurement requirements do not apply for this resource.
Proposal 5: Reply to RAN1 LS [7] that the applicable values for X are MGL/MGRP values of the gap patterns that are applicable for PRS measurement and supported by the UE.
Side condition and accuracy
Proposal 6: 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 7: RSTD accuracy requirements are defined based on single shot measurement.
Proposal 8: RAN4 not to define separate accuracy requirements for RSTD measured with same panel and with different panels.
Report mapping
Proposal 9: RAN4 not to define relationship between k1 and k2, or separate range of k1/k2 for FR1 and FR2.
Proposal 10: Adopt option 1 for report mapping for differential RSTD and Rx-Tx time difference report and additional path report: allow different overall reporting ranges for different k values.
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Annex A: Draft reply LS to R1-2004959
	Regarding the first agreement in R1-2004959, RAN4 agreed that in Rel-16 the PRS measurement requirements are defined only for the case where PRS is measured with configured measurement gap.
Regarding the second agreement in R1-2004959, RAN4 agreed that the applicable values for X are MGL/MGRP values of the gap patterns that are applicable for PRS measurement and supported by the UE. RAN4 agreed that all Rel-15 gap patterns are applicable for PRS measurement, and up to two new gap patterns can be defined in Rel-16.
RAN4 kindly asks RAN1 to take above information into account in the future specification work for NR positioning support.
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