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1 Introduction
[bookmark: _GoBack]In RAN4 #95-e meeting, the core requirements of UE measurement for positioning RRM were discussed. For RSTD measurement, there are still some open issues need to be discussed. The conclusions in last meeting were captured in the WF [1] including the following aspects: 
· Measurement period
· PRS occasion definition
· Basic number of PRS occasions
· Periodicity of PRS measurement  
· Sampling and processing time
· Scaling of PRS occasions
· Calculation of PRS occasion duration
· Impact of Rx beam sweeping
· Measurement period with multiple PRS periodicities
· Measurement period with multiple PRS frequency layers
· Impact of SSB symbols
· Measurement capability
· Measurement gap for PRS measurement
· PRS-RSTD Side conditions
· Accuracy requirements
· Parameter k in report mapping tables
In this paper, we have some further discussion on the remaining issues and give our proposals.
2 Discussion
2.1 Measurement period
PRS occasion definition
In last meeting, the measurement period of RSTD is discussed, and to define the basic number of PRS occasions, we need to align the understanding of PRS occasion first. So the following conclusion is captured in the agreed WF [1] based on the online discussion: 
	· 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)


The definition of PRS occasion had been defined in RAN1’s previous meeting and according to RAN1’s agreement, the PRS occasion is defined as below: 
	Agreement:
DL PRS occasion is one instance of periodically repeated time windows (consecutive slot(s)) where DL PRS is expected to be transmitted
0. FFS: If this definition is introduced for muting or DL PRS resource allocation or both


From this definition, the PRS occasion is a periodically repeated time window where DL PRS is expected to be transmitted. From RAN4’s perspective, we think this instance should include all PRS resources including its repetition in one search window i.e. option 1 is reasonable. 
For option 2 and option 3, we think there is no difference between them. From RAN1’s definition, the PRS resource and its repetition are within the same resource set and have same periodicity. If PRS occasion is only one single DL PRS resource, then it does make no sense for the repetition of the resources. The measurement performance based on only one PRS resource is usually unacceptable and there is no big difference between the repetitions. Even if we use multiple PRS occasion, there is no improvement for the performance.
Proposal 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. 
Basic number of PRS occasions
After the PRS occasion is agreed, the measurement period of RSTD measurement is defined based on the number of PRS occasion. Due to the different PRS configurations including BW, comb, repetition and muting, different propagation conditions and AGC, a basic number is needed. And the conclusion in last meeting is captured in  WF [1] as below: 
	· 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 opinion, a certain number is enough. NW can configure each PRS occasion with its repetition and time gap etc. to UE according to the UE capability. 
For option 2, the meaning of comb pattern realization is ambiguous. Also LPRS is the number of PRS symbols which is in time domain while the combsize N is in frequency domain. We don’t think they can be comparable.
Proposal 2: A certain number (X) of PRS occasions and X=4. 
Periodicity of PRS measurement
In last meeting, the periodicity of PRS measurement is discussed and following conclusion is captured in WF [1] as below: 
	· 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


Since the positioning measurement in R16 is always performed within gap, the MGRP should be considered. And the UE capability is defined in RAN1 as below, so the UE capability T should also be considered in measurement period.
	Agreement:
· For UE DL PRS processing capability, 
· UE reports one 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
· Additionally, UE reports new parameter, 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}
· The following sets of values for N, T and B are supported
· 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
Agreement: The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS
Agreement: UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)


First the maximum value of TPRS and MGRP should be guaranteed similar as existing measurement. Then considering the UE capability {N,T}, if T<max{TPRS, MGRP}, then UE can perform measurement each time of max{TPRS, MGRP} i.e. the periodicity of PRS occasion is max{T, TPRS, MGRP}. 
But if T>max{TPRS, MGRP}, UE may not perform measurement each time of T since the PRS resource cannot be guaranteed in later T time window. For example, if T=30ms while max{TPRS, MGRP}=20ms, then it means that there is no PRS resource or measurement gap in second period of T. In this case, UE can only measure in 60ms period rather than in 30ms period.
Based on the cases above, when T<max{TPRS, MGRP}, the periodicity of PRS occasion should be max{T, TPRS, MGRP} and when T>max{TPRS, MGRP}, the periodicity of PRS occasion should be the overlapping period of {T, TPRS, MGRP}.
Proposal 3: when T<max{TPRS, MGRP}, the periodicity of PRS occasion should be max{T, TPRS, MGRP} and when T>max{TPRS, MGRP}, the periodicity of PRS occasion should be the overlapping period of {T, TPRS, MGRP}. 
Sampling and processing time
The conclusion of sampling and processing time in last meeting is captured in WF [1] as below: 
	· FFS: Sampling and processing time
· Option 1: T
· Option 2.
· other options not precluded


In our understanding, the UE capability {N,T} cannot be scaled down, even if the duration time of PRS resource to be measured is smaller than N, the sampling and processing time should be still T rather than multiple of N/T. 
Proposal 4: The sampling and processing time should be T. 
Calculation of PRS occasion duration
In RAN1’s agreements, there are two types of duration calculation for DL PRS symbols which are shown as below: 
	Agreement:
· For the purpose of DL PRS processing capability, the duration of DL PRS symbols (K) in ms within any P msec window, is calculated by
· Type 1 duration calculation with
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· Type 2 duration calculation with 
[image: ]where 
· Type 1 or Type 2 is reported as UE capability,
· S is the set of slots of a serving cell within the P msec window in the positioning frequency layer that contains potential DL PRS resources considering the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets (target and reference),
· for Type 1, [Tsstart, Tsend]is the smallest interval in ms within slot  corresponding to an integer number of OFDM symbols of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot . 
Interval[Tsstart, Tsend] considers the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets (target and reference).


Based on this, RAN4 had discussed which type of duration calculation should be used to define requirements of PRS RSTD measurement period and the conclusion is captured in WF [1] as below: 
	· 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


In our opinion, the requirement is defined based on UE capability and is independent of the duration calculation.  We just need to know the duration of PRS resource no matter which calculation way is used. So we should define the unified requirement formula based on capability {N,T}, when the difference due to calculation type is realized, the subscript like Ltype1 and Ltype2 can be used. 
Proposal 5: Measurement period requirements are defined based the type (type 1 or type 2) as UE used to report {N,T}
Impact of Rx beam sweeping
In last meeting, it is agreed that no impact of UE RX beam sweeping on RSTD measurement period shall be considered for FR1. But for FR2, the beam sweeping should be considered and the conclusion is captured in WF [1] as below: 
	· 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


For the case when the QCL information of PRS resource is not available to UE, the Rx beam sweeping is needed and it is agreed to use the similar way as SSB based measurement (i.e. no Rx beam sweeping is considered within PRS occasion in R16). 
For the case when QCL information is available to the UE, the Rx beam of PRS is known to UE and usually the Rx beam sweeping is not needed. But similar as CSI-RS based measurement, there is one case when multiple PRS is transmitted in the same symbol but with different QCL information. In this case, UE can only perform PRS measurement in one beam direction. Then to measure all the PRS in this symbol, Rx beam sweeping is needed.
Proposal 6: Perform RX beam sweeping for the case when the QCL information is available to the UE
Measurement period with multiple PRS frequency layers
According to RAN1’s agreement below in [3], UE is expected to process only one frequency layer at a time. 
	Agreement:
UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)


So when UE need to measure more than one frequency layer, the measurement period need to be expanded by number of frequency layers according to the expression as below.

Where  is the number of frequency layers.
Proposal 7: Measurement period is scaled by number of frequency layers. 
Impact of SSB symbols
In last meeting, RAN4 discussed whether the PRS occasion dropping due to SSB collision should be considered in RSTD measurement period and the candidate options were captured in the WF [1] as below: 
	· 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


We think the extension due to symbol overlapping is unnecessary since the requirements should be defined only for the case without PRS dropping. 
For another aspect, I think this issue is considered for without gap case while the gap sharing is considered for with gap case. Since the positioning measurement in R16 is always performed within gap, this issue is no need to discuss in our opinion. 
Proposal 8: PRS occasion dropping due to SSB collision should not be accounted in measurement period. 
2.2 Measurement capability
In RAN1 #99 meeting, the following agreements on maximum numbers of frequency layers and PRS resource are reached：
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



From the agreements above, RAN1 had defined the maximum number of DL PRS resources that UE can be configured and the values can be reported as UE capability including number of frequency layer, number of TRPs per frequency layer and number of PRS resource sets per TRP per frequency layer, etc. 
So the UE measurement capability has been discussed in RAN1, there is no need to discuss in RAN4 repeatedly. Even if RAN4 discuss and define a minimum requirement smaller than the numbers in the signaling, it does make no sense since all the UE can meet the requirement according to the reported capability. So the minimum number of UE capability defined in RAN1 can be used as the requirement applied in 38.133. 
Proposal 9: RAN4 shall not define minimum measurement capability in terms of number of PRS layers, TRPs, resource sets and resources that UE shall be able to measure.
2.3 Side condition
Side conditions for FR1 PRS RSTD measurements have been defined as -13dB for neighbour cell and -6dB for serving cell. In last meeting, the side condition of PRS RSTD in FR2 was discussed and no consensus was reached. The candidate options were captured in the WF [1] as below: 
	· 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. 


For FR2, the path loss is larger than that in FR1, though the coverage range is smaller than in FR1, basically the received power in FR2 is smaller than FR1. So to support same number of neighbour cell to be seen and measured for FR1 and FR2, the side conditions in FR2 should be equal to or smaller than that in FR1. So in our opinion, the side conditions in FR2 should be same as FR1. 
Using side condition [-3 -10] dB can improve the accuracy, but for RSTD measurement in OTDOA positioning for both FR1 and FR2, several neighbour cells are needed and we think the side condition should meet the SNR level of system simulation first to receive enough cells that can be measured. 
Proposal 10: Side conditions for PRS RSTD measurements in FR2 are defined same as those in FR1, i.e. -13dB for neighbour cell and -6dB for serving cell.
2.4 Accuracy requirements
In previous meeting, the link level simulation results of RSTD measurement were provided and discussed. To define the number of samples used for accuracy requirements, the common understanding what does one sample mean should be clarified. In our understanding, one sample means one PRS occasion which is discussed in section 2.1. 
And according to our simulation results in [2], one sample is enough to get acceptable accuracy, so we suggest to define the RSTD accuracy requirements based on one sample. 
For comb pattern, in our opinion, it includes the number of symbols in time domain and the combsize in frequency domain. And from our simulation results, when combsize is the same, the accuracy becomes better as symbols number increases. But when the number of symbols is the same, the measurement results have no difference for combsize 2,4,6 and 12, i.e. the accuracy is agnostic to comb pattern. 
Proposal 11: The accuracy requirement of RSTD measurement is defined based on one sample.
Proposal 12: The accuracy requirements shall be agnostic to comb size when the number of PRS symbols is the same. 
2.5 Parameter k
In RAN4#94-e-bis meeting, the RSTD report mapping was agreed to define one table per k. For parameter k, following conclusions were reached: 
· LMF provides a recommended k value (k1). UE selects parameter k (k2) and informs to the LMF. Further discuss the relation between UE selected parameter k2 and network recommended value k1.
· Further discuss for RSTD and UE Rx-Tx time difference reporting:
· Relationship between k1 and k2
· Range of k1 and k2 in FR1
The relationship between k1 and k2 and the range of k in FR1 were further discussed in RAN4 #95 meeting but no consensus was reached. The options were captured in WF [1] as below: 
	· 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}


In our initial understanding, LMF recommended value k1 and UE selected k2 are independent. It means they are performed individually and k2 can smaller than or larger than or equal to k1, and what we need to consider is which value(k1 or k2) is used. When UE selected k2 is smaller than k1, since LMF provides the recommended value k1 according to QoS and UE need not to provide a finer granularity in principle, the recommended value k1 is used. But if UE cannot achieve the recommended value k1 due to power saving or other purposes i.e. UE selected value k2 is larger than k1, then k2 is used.
According to the two cases above, the larger value between k2 and k1 is used. Then it can be equivalent to that LMF provides a recommended k(k1) first and then UE select a parameter k(k2) for the range larger than or equal to k1 to use for reporting. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 13: UE selected parameter k2 is larger than or equal to k1. 
It has been agreed that the range of parameter k is {0,1,2,3,4,5}. But it is obvious some small granularity may not be used due to the limited resources in FR1, so a small range can be considered. We think the range {2,3,4,5} is reasonable. 
Proposal 14: The range of k is {2,3,4,5} in FR1. 
For the report mapping for differential report and additional path report for RSTD and UE Rx-Tx time difference measurement, since the reporting range cannot be divided by granularity exactly, the last internal of the reporting table need to be clarified. The conclusion in last meeting was captured in the WF [1] as below: 
	· 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


For this issue, we slightly prefer option 1. In our understanding, the last internal is not very useful in general case. And the difference of value between the two options is very small and will not cause significant impact. 
Proposal 15: Allow different ranges for different k values for the report mapping of differential report and additional path report for RSTD and UE Rx-Tx time difference measurement. 
3 Summary
In this paper, the requirements of  RSTD measurement are further discussed, and following proposals are given：
Proposal 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. 
Proposal 2: A certain number (X) of PRS occasions and X=4. 
Proposal 3: when T<max{TPRS, MGRP}, the periodicity of PRS occasion should be max{T, TPRS, MGRP} and when T>max{TPRS, MGRP}, the periodicity of PRS occasion should be the overlapping period of {T, TPRS, MGRP}. 
Proposal 4: The sampling and processing time should be T. 
Proposal 5: Measurement period requirements are defined based the type (type 1 or type 2) as UE used to report {N,T}
Proposal 6: Perform RX beam sweeping for the case when the QCL information is available to the UE
Proposal 7: Measurement period is scaled by number of frequency layers. 
Proposal 8: PRS occasion dropping due to SSB collision should not be accounted in measurement period. 
Proposal 9: RAN4 shall not define minimum measurement capability in terms of number of PRS layers, TRPs, resource sets and resources that UE shall be able to measure.
Proposal 10: Side conditions for PRS RSTD measurements in FR2 are defined same as those in FR1, i.e. -13dB for neighbour cell and -6dB for serving cell.
Proposal 11: The accuracy requirements of RSTD measurement is defined based on one sample.
Proposal 12: The accuracy requirements shall be agnostic to comb size when the number of PRS symbols is the same. 
Proposal 13: UE selected parameter k2 is larger than or equal to k1.
Proposal 14: The range of k is {2,3,4,5} in FR1. 
Proposal 15: Allow different ranges for different k values for the report mapping of differential report and additional path report for RSTD and UE Rx-Tx time difference measurement. 
4 References
[1] [bookmark: _Toc229480108][bookmark: _Toc229480095]R4-2008664, WF on requirements for RSTD and UE Rx-Tx time difference measurement, Huawei, HiSilicon
[2] [bookmark: OLE_LINK7][bookmark: OLE_LINK8]R4-2003288, Updated link-level simulation results of PRS RSTD, CATT
[3] Chairman's Notes RAN1#100b-e v030
3GPP
image3.emf
   𝐾 = 1 2 𝜇 ȁ 𝑆 ȁ  


image1.emf
   𝐾 = σ 𝐾 𝑠 𝑠 ∈ 𝑆  


image2.emf
   𝐾 𝑠 = 𝑇 𝑠 𝑒𝑛𝑑 − 𝑇 𝑠 𝑠𝑡𝑎𝑟𝑡  


