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Introduction
At RAN4 #98e, the discussion on PRS-RSTD measurement period definition was continued. Agreements and items for further study were captured in the WF [1]. Following agreements on PRS-RSTD measurement period were achieved and following items for further study were identified [2].
	RAN4#98e Agreements

Agreements
· Use the least common multiple of PRS periodicities among all PRS resources in the PFL 
· FFS: whether only the PRS resources or resource sets configured within the MGs should be considered

Agreements
· Refer to clause 5.1.6.5 of 38.214 for calculation of Lprs.
· Further clarify the description and notations of Lprs in 38.133 (e.g. account PRS resources within MGs; clarify period of time over which Lprs is counted)

Agreements
· Measurement period of multiple PRS layers is defined as summation of the measurement period in each frequency layer 
· CSSF is only for the MG sharing between PRS and RRM layers. Count only a single PRS layer for a gap occasion in CSSF calculation for both PRS and RRM layers.
· FFS how to capture the equations in the specifications
· Option 1A: 
· 
· 
· Note:  is already defined in the specification
· Option 1B
· TRSTD, Total = 
· Note:  needs to be removed from the specification




On the top of these agreements, further details need to be determined. This contribution treats some of the open issues mentioned in WF [1].
Discussion
[bookmark: _Hlk47565958]Measurement Period with PRS Muting
	

· FFS whether and how to account for muting in measurement period requirements
· Option 1a 
· If muting option 1 is applied, the periodicity of a PRS resource is scaled by 
· where  is X * dl-prs-MutingBitRepetitionFactor, and X is the size of NR-MutingPattern-r16 for mutingOption1-r16
· Option 1b
· If muting option 1 is applied, the periodicity of a PRS resource is scaled by 
· where  is X * dl-prs-MutingBitRepetitionFactor, and X is the [maximum] number of consecutive zeros in NR-MutingPattern-r16 for mutingOption1-r16
· Option 2: 
· Muting is accounted with same approach as in LTE (the current requirements apply when up to ½ of PRS resources can be muted)
· Option 3: 
· Do not define requirements for the case of PRS resource muting in Rel-16




These are options to determine measurement period when PRS is scheduled with a PRS muting pattern. We consider Option 1b is proper. When PRS mute pattern is configured, the measurement process is delayed as long as the muting period. The option 1a is also possible, but it seems too conservative to count the size of the muting pattern. A UE should be able to understand a NR-MutingPattern-r16 to know where measurements should happen or should not happen.

Proposal 1 : Consider option 1b for PRS muting pattern :  the periodicity of a PRS resource is scaled by   where  is X * dl-prs-MutingBitRepetitionFactor, and X is the [maximum] number of consecutive zeros in NR-MutingPattern-r16 for mutingOption1-r16.


Handling different resource periodicities
	· Consideration on different resource periodicities
· Use the least common multiple of PRS periodicities among all PRS resources in the PFL 
· FFS: only the PRS resources or resource sets configured which are fully or partly within the MGs should be considered
· FFS: the need to decide on the order of steps to derive 
· Order for steps to derive 
· Option 1
· The applying order to scale the PRS periodicity should be
· A): The PRS periodicity indicated by “NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16”
· B): Scale the PRS periodicity based on inter-period muting pattern 
· C): Derive the frequency layer specific periodicity () if multiple periodicities are configured in this layer 
· D): Derive the available periodicity within MGs ()
· E): Derive the effective periodicity based on PRS processing time ()
· Other options are not precluded




When multiple PRS configurations have different PRS periodicities, it is agreed to use the least common multiple of PRS periodicities among all PRS resources in the PFL. The MG may overlap fully or partially with PRS, the partial PRS resource within MG is regarded as a corner case. LMF cares about the PRS resource configuration aggregated within MG as much as possible, so the partial PRS resource within MG would seem not to be a common case. Plus, it wouldn’t be easy to consider such partial PRS resource period in the equation of the measurement period requirement.  

Observation 1 : Partial PRS resource in MG will be a corner case, and it wouldn’t be easy to consider it in the measurement period calculation.

2.3. Handling different resource offsets
	· FFS Consideration on different resource offsets in measurement period
· Option 1
· RSTD measurement period of a single PRS frequency layer is extended by T ms if different PRS resources on the PRS frequency layer have different offsets after muting.
· Option 2
· redefine   as  =  +   (currently  =  + )
· Option 3
· No change is needed due to different offsets.
· Option 4
· Avoid PRS configuration with different resource offsets on the same PFL
· FFS if the following parameters are concerned 
· dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16
· dl-PRS-ResourceSlotOffset-r16




The measurement period starts with the first MG and it is the same for all frequencies. This would be a similar case as the different periodicity in 2.2 above. As discussed, if a gNB reasonably sets PRS resource, the slot offsets won’t diverge, PRS resources are grouped and multiplexed with a same slot offset in PFL. So, this consideration on different resource offsets is not so much meaningful to be taken into account for the requirement. 
dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16 is periodicity and slot offset of DL-PRS allocation with respect to SFN slot 0, the offset amount is large up to 81919 slots. So, if this offset is different, it may be expected to impact on the requirement. However, dl-PRS-ResourceSlotOffset-r16 is minor introducing a relatively small offset, we don’t think dl-PRS-ResourceSlotOffset-r16 needs to be considered.
If dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16 offset of a single PFL is configured differently, and the offset causes significant misalignment, we can consider option-1 or option-2 considering the slot offsets, and we prefer option-2 which has clearer definition of the extension time Tms.

Proposal 2 : If dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16 offset of a single PFL is configured differently,  then  the requirement is extended by  =  +   . Otherwise, no change is needed due to dl-PRS-ResourceSlotOffset-r16offsets.
 
2.4. Definition of Lprs
	· 
· Definition of parameter Lprs
· Refer to clause 5.1.6.5 of 38.214 for calculation of Lprs.
· The calculation of Lprs should be based on the type (type 1 or type 2) as UE used to report {N,T}
· Further clarify the description and notations of Lprs in 38.133 (e.g. account PRS resources within MGs; clarify period of time over which Lprs is counted)



Firstly, the definition of Lprs in TS 38.133 spec is not clear. In text, it explains that Lprs is the time duration as defined in clause 5.1.6.5 of TS 38.214. However, the chapter 5.1.6.5 of TS 38.214 does not exactly indicate how to define Lprs . Instead, the chapter explains the duration K msec of DL PRS symbols within P msec window corresponding to the maximum PRS periodicity in a positioning frequency layer. Then, the total duration of PRS resources that UE needs to measure in P ms can be counted from K msec of DL PRS symbols.

Observation 2 : There are notation confusions with Lprs in TS 38.133. The notation of Lprs does not appear in 5.1.6.5 of TS 38.214, somehow TS 38.133 refers to 5.1.6.5 of TS 38.214 regarding Lprs.

	For the case when measurement gap is configured, the UE DL PRS processing capability is defined in [TS 37.355]. For the purpose of DL PRS processing capability, the duration K msec of DL PRS symbols within P msec window corresponding to the maximum PRS periodicity in a positioning frequency layer, is calculated by
-	Type 1 duration calculation with UE symbol level buffering capability

-	Type 2 duration calculation with UE slot level buffering capability

-	S is the set of slots based on the numerology of the DL PRS 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.
-	For Type 1,  is the smallest interval in msec within slot  corresponding to an integer number of OFDM symbols based on the numerology of the DL PRS of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot , where the interval  considers 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 2,  is the numerology of the DL PRS, and  is the cardinality of the set .





In the meantime, we found that  is rather defined in TS38.211 as the size of the downlink PRS resource in the time domain   ∈ 2,4,6,12 given by the higher-layer parameter dl-PRS-NumSymbols. It is true that it is quite confusing about  definition between TS 38.211 and TS 38.214. In conclusion, we have two definitions of   in             TS 38.211 and TS 38.214. The next question is which definition should be relevant for the measurement period requirement in TS 38.133.  Associated with the UE processing capability ‘N’, the total number of PRS symbols for processing is defined in TS 38.214, so it seems the right parameter to refer to the definition is‘K’. 

Proposal 3: TS 38.133 should use the definition of  Lprs  from 5.1.6.5 of TS 38.214, i.e. the total number of symbols of PRS resources in ms that a UE needs to measure in P ms. But the notation needs be changed to avoid confusion (for example : 

Proposal 4: Add additional explanation on how to obtain  to TS 38.133 equation statements. For example,
·  is the total number of DL PRS symbols [ms] that UE needs to measure in P ms can be counted from K msec of DL-PRS symbols derived from 5.1.6.5 of TS 38.214.

Also, it is still unclear about relations between UE processing capability N and . While {N, T} is UE capability combination per band where N is a duration [ms] of DL PRS symbols in ms processed every T ms clause 4.2.7.2 of TS 38.306, and the duration K msec of DL PRS symbols within P msec window. One is from the UE capability report, another is corresponding to the maximum PRS periodicity from the network configurations, it should be clear that the observation window sizes T ms and P ms are matched equally between a network and a UE. In order to use , the both window sizes should be equal.

Observation 3 : In  calculation, it is unclear in the spec that the observation window sizes T ms of the UE processing capability and P ms for total number of processing are equally set for  calculation.

Proposal 5. In order to use the value of , the observation window sizes T ms of the UE processing capability and P ms for total number of processing symbols should be equal. 
· Both the observation window sizes T ms and P ms must be defined from the maximum PRS periodicity from the network configurations.

Lastly, we have concerns that the current measurement period requirement can easily change due to the number of PRS symbol calculation of .  Basically, we wonder how UE venders report UE’s processing capability. If counting the physical number of DL-PRS symbols as the definition, then it may give different numbers depending on BW or numerologies. It is wondering if UE venders report different ‘N’ depending on numerologies, but the UE capability signaling field is single in TS 38.306.

Proposal 6 : Clarify a rule to calculate UE’s processing capability {N,T} from UE venders.

Some companies mentioned a reported buffering capability about N, we understand that‘N’ is purely a UE implementation value, but it has very subjective concept depending on UE implementation. For example of type 1 UE in 5.1.6.5 of TS 38.214,  it means that a UE attempt to buffer N duration RX symbols in K ms of the interval  the smallest interval in msec within slot  based on nr-DL-PRS-ExpectedRSTD. However, the current PRS comb structure provides various buffering approaches of a PRS symbol process per a slot, so we predict various types of UE capability ‘N’ depending on UE strategies.  

[image: ]
Figure 1. Example of UE processing/buffering capability : physical PRS symbol v.s. effective PRS symbols. 
Buffering can be consolidated or sliced up to UE implementation.



	· Measurement period of multiple PLFs – overlapping case
· Measurement period of multiple PRS layers is defined as summation of the measurement period in each frequency layer 
· CSSF is only for the MG sharing between PRS and RRM layers. Count only a single PRS layer for a gap occasion in CSSF calculation for both PRS and RRM layers.
· FFS how to capture the equations in the specifications
· Option 1A: 
· 
· 
· Note:  is already defined in the specification
· Option 1B
· TRSTD, Total = 
· Note:  needs to be removed from the specification




For capturing the equations in the specifications, we prefer Option 1A, which seems clearer.
Proposal 7 : For capturing the equations in the specifications, we prefer Option 1A
· Option 1A: 
· 
· 
· Note:  is already defined in the specification


	· FFS Measurement period of multiple PLFs – non-overlapping case
· Option 1 
· Requirement of non-overlapping case should be the same as for overlapping case, i.e. sum approach
· Option 2
· Measurement period for the non-overlapping case shall be
TRSTD, Total = maxi (TRSTD,i), where
· the measurement period starts with the first MG and it is the same for all frequencies (agreement from RAN4#96-e). Hence, the time to the last sample across all frequencies will correctly determine TRSTD, Total, regardless of the order the frequencies are measured




We see defining separate cases for non-overlapping is complicated. In particular, it is not clear how to determine if there are non-overlapping PRS resources across positioning frequency layers. Also, it is difficult to consider and analyze cases of processing times within MG between frequency layers, when it is non-overlapping.  

Proposal 8 : Requirement of non-overlapping case should be the same as for overlapping case.


	· FFS Measurement period of when configured with PRS-RSRP
· Scenario #1: PRS-RSRP is configured for DL-TDOA but not other positioning methods
· Option 1 
· RSTD measurement period is not impacted by PRS-RSRP measurement.
· Option 2
· UE behavior when RSTD is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for RSTD (configured without RSTD): the RSTD measurement continues over the entire PRS-RSRP measurement period
· Scenario #2: PRS-RSRP is configured for another positioning method but not for DL-TDOA
· Option 1 
· RSTD measurement period is not impacted by the PRS-RSRP measurement configured for the other positioning method
· Option 2 
· RSTD measurement period is impacted by the PRS-RSRP measurement configured for the other positioning method
· Scenario #3: PRS-RSRP measurements are configured for another positioning method and for DL-TDOA ( different PRS resources are used for DL-TDOA and the other method )
· Option 1 
· RSTD measurement period is not impacted by the PRS-RSRP measurement configured for the other positioning method
· Option 2 
· RSTD measurement period is impacted by the PRS-RSRP measurement configured for the other positioning methods
· Scenario #4: PRS-RSRP measurements are configured for another positioning method and for DL-TDOA (identical PRS resources are used for DL-TDOA and the other method)
· Option 1 
· RSTD measurement period is not impacted by the PRS-RSRP measurement configured for the other positioning method
· Option 2 
· RSTD measurement period is impacted by the PRS-RSRP measurement configured for the other positioning methods
· FFS: need to also consider same or different frequency layers




Basically, we note that RSRP measurement and its accuracy are important for all positioning methods. In most of positioning methods, RSRP values should be monitored together for beam correspondence. Considering the UE behaviors, UE behavior when RSTD is configured together with PRS-RSRP (for TDOA), regardless of whether it is configured for AOD,  and the required PRS-RSRP measurement period is longer than that for RSTD. The RSTD measurement continues over the entire PRS-RSRP measurement period.

Observation 4  : PRS-RSRP is a key measurement used for analysis of beam correspondence and measurement accuracy in all kinds of positioning measurements. RSRP measurement behavior of a UE does not change due to other method configurations.
 
Proposal 9 : We support option-2 regarding PRS-RSRP configured for DL-TDOA or other scenarios
· UE behavior when RSTD is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for RSTD (configured without RSTD) : the RSTD measurement continues over the entire PRS-RSRP measurement period.

Conclusion
This contribution has provided our view on some open issues with regard to defining PRS-RSTD measurement period.

Proposal 1 : Consider option 1b for PRS muting pattern :  the periodicity of a PRS resource is scaled by   where  is X * dl-prs-MutingBitRepetitionFactor, and X is the [maximum] number of consecutive zeros in NR-MutingPattern-r16 for mutingOption1-r16.

Observation 1 : Partial PRS resource in MG will be a corner, and it wouldn’t be easy to consider in the measurement period calculation.

Proposal 2 : If dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16 offset of a single PFL is configured differently,  then  the requirement is extended by  =  +   . Otherwise, no change is needed due to dl-PRS-ResourceSlotOffset-r16offsets.

Observation 2 : There are notation confusions with Lprs in TS38.133. The notation of Lprs does not appear  in 5.1.6.5 of TS 38.214, somehow TS38.133 refers to 5.1.6.5 of TS 38.214 regarding Lprs.

Proposal 3: TS 38.133 should use the definition of  Lprs  from 5.1.6.5 of TS 38.214, i.e. the total number of symbols of PRS resources in ms that a UE needs to measure in P ms. But the notation needs be changed to avoid confusion (for example : 

Proposal 4: Add additional explanation on how to obtain  to TS38.133 equation statements. For example,
·  is the total number of DL PRS symbols [ms] that UE needs to measure in P ms can be counted from K msec of DL-PRS symbols derived from 5.1.6.5 of TS 38.214.

Observation 3 : In  calculation, it is unclear in the spec that the observation window sizes T ms of the UE processing capability and P ms for total number of processing are equally set for  calculation.

Propose 5. In order to use the value of , the observation window sizes T ms of the UE processing capability and P ms for total number of processing symbols should be equal. 
· Both the observation window sizes T ms and P ms must be defined from the maximum PRS periodicity from the network configurations.

Proposal 6 : Clarify a rule to calculate UE’s processing capability {N,T} from UE venders.

Proposal 7 : For capturing the equations in the specifications, we prefer Option 1A
· Option 1A: 
· 
· 

Proposal 8 : Requirement of non-overlapping case should be the same as for overlapping case.

Observation 4  : PRS-RSRP is a key measurement used for analysis of beam correspondence and measurement accuracy in all kinds of positioning measurements. RSRP measurement behavior of a UE does not change due to other method configurations.
 
Proposal 9 : We support option-2 regarding PRS-RSRP configured for DL-TDOA or other scenarios
· UE behavior when RSTD is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for RSTD (configured without RSTD) : the RSTD measurement continues over the entire PRS-RSRP measurement period.


References
[1] R4-2104076, " WF on UE PRS measurement requirements", source: Huawei, HiSilicon
[2] R4-2016390, "On UE positioning measurements: RSTD", source: Ericsson
2

image1.png





1


 


 


3GPP TSG


-


RAN WG4 Meeting #


98


-


bis


-


e                     


 


R4


-


210


7181


 


Electronic Meeting, 


April


. 


12


 


-


 


April


. 


20


, 2021


 


 


Source:


 


Nokia, 


Nokia


 


Shanghai Bell


 


Title:


 


O


n


 


PRS


-


RSTD measurement period definition


 


Agenda item:


 


5


.


5


.


1


.


1


 


Document for:


 


Discussion


 


1


 


Intro


ducti


o


n


 


At RAN4 #9


8


e


, 


the discussion on 


PRS


-


RSTD measurement period definition was continued. 


Agreements and items for 


further study were captured in the WF [1]. 


Following agreement


s


 


on


 


PRS


-


RSTD measurement period 


w


ere


 


achieved


 


and 


following 


items for further s


tudy 


were 


identified


 


[2]


.


 


RAN4#98e 


Agreement


s


 


 


Agreements


 


o


 


Use the least common multiple of PRS periodicities among all PRS resources in the PFL 


 


§


 


FFS: whether only the PRS resources or resource sets configured within the MGs should 


be considered


 


 


Agreements


 


o


 


Refer to clause 5.1.6.5 of 38.214 for calculation of Lprs


.


 


o


 


Further clarify the description and notations of Lprs in 38.133 (e.g. account PRS resources within 


MGs; clarify period of time over which Lprs is counted)


 


 


Agreements


 


o


 


Measurement period of multipl


e PRS layers is defined as summation of the measurement period in 


each frequency layer 


 


o


 


CSSF is only for the MG sharing between PRS and RRM layers. Count only a single PRS layer for 


a gap occasion in CSSF calculation for both P


RS and RRM layers.


 


o


 


FFS how to


 


capture the equations in the specifications


 


§


 


Option 1A: 


 


·


 


T


RSTD


,


Total


=


s


T


RSTD


,


i


+


 


?


L


-


1


?


*


max


?


T


effect


,


i


?


 


L


i


=


1


 


·


 


T


PRS


-


RSTD


,


i


=


?


’


CSSF


PRS


,


i


*


??


????????????


,


??


*


?


??


??????


,i


????????


??


'


?


?


??


??????


,i


??


?


*


??


????????????


-


1


?


*


T


effect


,


i


+


T


last


 


·


 


Note: 


T


PRS


-


RSTD


,


i


 


is already defined in the specification


 


§


 


Option 1B


 


·


 


T


RSTD, To


tal


 


= 


s


?


?


’


CSSF


PRS


,


i


*


??


????????????


,


??


*


?


??


??????


,i


????????


??


'


?


?


??


??????


,i


??


?


*


??


????????????


-


1


?


*


T


effect


,


i


+


??


T


last


)


?


+


?


L


-


1


?


*


max


?


T


effect


,


i


?


 


 


·


 


Note: 


T


PRS


-


RSTD


,


i


 


needs to be removed from the specification


 


 


 


On the top of


 


these agreements, further details need to be determined. T


his contribution treats 


some of the 


open issues 


mentioned 


in WF [1]


.


 




1     3GPP TSG - RAN WG4 Meeting # 98 - bis - e                        R4 - 210 7181   Electronic Meeting,  April .  12   -   April .  20 , 2021     Source:   Nokia,  Nokia   Shanghai Bell   Title:   O n   PRS - RSTD measurement period definition   Agenda item:   5 . 5 . 1 . 1   Document for:   Discussion   1   Intro ducti o n   At RAN4 #9 8 e ,  the discussion on  PRS - RSTD measurement period definition was continued.  Agreements and items for  further study were captured in the WF [1].  Following agreement s   on   PRS - RSTD measurement period  w ere   achieved   and  following  items for further s tudy  were  identified   [2] .  

RAN4#98e  Agreement s     Agreements   o   Use the least common multiple of PRS periodicities among all PRS resources in the PFL       FFS: whether only the PRS resources or resource sets configured within the MGs should  be considered     Agreements   o   Refer to clause 5.1.6.5 of 38.214 for calculation of Lprs .   o   Further clarify the description and notations of Lprs in 38.133 (e.g. account PRS resources within  MGs; clarify period of time over which Lprs is counted)     Agreements   o   Measurement period of multipl e PRS layers is defined as summation of the measurement period in  each frequency layer    o   CSSF is only for the MG sharing between PRS and RRM layers. Count only a single PRS layer for  a gap occasion in CSSF calculation for both P RS and RRM layers.   o   FFS how to   capture the equations in the specifications      Option 1A:       T RSTD , Total = T RSTD , i +   L - 1 * max T effect , i   L i = 1      T PRS - RSTD , i = ’ CSSF PRS , i * ?? ???????????? , ?? * ?? ?????? ,i ???????? ?? ' ?? ?????? ,i ?? * ?? ???????????? - 1 * T effect , i + T last      Note:  T PRS - RSTD , i   is already defined in the specification      Option 1B      T RSTD, To tal   =  ’ CSSF PRS , i * ?? ???????????? , ?? * ?? ?????? ,i ???????? ?? ' ?? ?????? ,i ?? * ?? ???????????? - 1 * T effect , i + ?? T last ) + L - 1 * max T effect , i        Note:  T PRS - RSTD , i   needs to be removed from the specification    

  On the top of   these agreements, further details need to be determined. T his contribution treats  some of the  open issues  mentioned  in WF [1] .  

