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Introduction
In this contribution open issues on latency reduction of positioning measurement identified in RAN4#101-bis-e meeting are addressed [1]. In section 2 each FFS item is evaluated. In section 3 a summary of discussion is presented.
Discussion
Additional samples for AGC for PRS measurements are not required in case at least one of the following conditions is met.
RAN4#101-bis-e agreed on following condition under which samples for AGC is reduced or not required for PRS measurement.
Condition #1: 
· 1A) PRS bandwidth is within the active BWP and 
· 1B) Difference between the serving and neighboring cell [total] RX power is within [6] dB. 
· FFS on the detailed RX power definition.
On Rx power definition, two options were identified. Option 1 refers to the difference between serving cell SSB and neighboring cell PRS Rx EPRE within [6] dB to Rx power definition. In contrast to option 2, where no reference serving cell signal is defined, in our view option 1 shall be supported to clarify definition of Rx power as a complementary condition to condition 1A.
In addition to condition 1, the following conditions were identified for FFS:
Condition 2: QCL
· Condition 2a: 
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Condition 2b: 
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain
· Condition 2c: 
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain, and
· the UE was previously configured to measure the reference SSB and measured the reference SSB within X ms (FFS) of the start of the PRS measurement period.
Condition 3: PRS configuration parameters:
· PRS resource repetitions (in different slots) within one PRS instance. Number of repetitions is FFS
In our view, QCL information does not give any power related information to UE, but UE can benefit from the spatial information, such as PRS transmitted with typeD QCLed with SSB, to perform an appropriate beamforming for PRS reception. Therefore, condition 2 must also be supported as one of the additional conditions to condition 1. Moreover, knowing the PRS configuration, especially PRS repetitions, helps UE to perform positioning measurements when coverage is an issue but not to avoid requiring additional sample for AGC. Therefore condition 3 shall not be supported as one of the conditions under which additional samples for AGC for PRS measurements are not required by UE.
Proposal #1.a: Support option 1 of condition 1B on Rx power definition.
Proposal #1.b: In addition to condition 1 also support condition 2 as a complementary condition under which samples for AGC is reduced or not required for PRS measurements.
Applicability conditions for reduced Rx beam sweeping factor (<8) capability
In RAN4#101-bis-e applicability conditions for reduced Rx beam sweeping factor (<8) were discussed and the following agreements were reached:
Agreements:
· Reduced Rx beam sweeping factor (<8) capability can be applicable without any additional conditions
· No impact on positioning measurement accuracy requirements for UEs supporting the capability
· Positioning measurement period requirements will be reduced for UEs supporting the capability
· FFS whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor
It was further agreed to define the Rx beam sweeping factor as a UE capability and the supported numbers are {1, 2, 4, 6}. Configuring a UE to perform measurement with Rx beam sweeping factor that is lower than its capability will have an impact on the achievable positioning accuracy. As it is understood that there is no relaxation on accuracy requirement for UEs supporting reduced Rx beam sweeping factor, LMF should not therefore configure UE to perform measurements with Rx beam sweeping factor lower than its capability. 
Proposal #2: LMF should not configure UE to perform measurements with Rx beam sweeping factor that is lower than the beam sweeping factor supported by UE as its capability.
Definition of parameters related to PRS measurement requirements for PRS measurements without gaps
Agreements on the following parameters that have an impact on gapless PRS measurement period requirement were reached in RAN4#101-bis-e. 
· PRS measurements without gaps are performed within PRS processing window (PPW).
· PPW is based on RAN1 agreements.
· Tavailable_PRS,i = LCM(TPRS,i, PPWRP).
· Scheduling restriction is required based on RAN1 agreements.
Definition and potential values of the remaining parameters that have an impact on gapless PRS measurement period requirement was FFS. In this section we evaluate and present our view on each of the remaining parameters. 
# Applicable number of PFLs: For PRS measurement outside MG, subject to capability, a UE is expected to measure DL PRS inside the active DL BWP that has the same numerology as the active DL BWP and is within the DL PPW. Furthermore, DL PRS resource sets that belong to same PFL must have same value of dl-PRS-ResourceBandwidth. Since multiple configurations of PRS bandwidth within an active BWP is possible, a UE shall therefore measure on multiple PFLs during gapless PRS measurement period. The number of PFLs to measure shall be based on RAN1 agreement.
# Approach on the calculation of multiple PFLs: The measurement period extends with the number of PFL that UE is supposed to measure. Therefore, in our view sum-based approach shall be considered to derive measurement period requirement for UEs capable of performing gapless PRS measurement.
# Applicable number of samples: RAN4#101-bis-e agreed to reduce number of samples excluding sample(s) for AGC to 1 for PRS measurement. The agreement further states conditions that are associated to 1 sample measurement. For gapless PRS measurement period requirement similar approach shall be considered. 1 sample based PRS measurement shall be supported when the associated conditions are met.
# Lavailable_PRS,i: In last meeting it was agreed that Tavailable_PRS,i = LCM(TPRS,i, PPWRP)In Rel. 16 Lavailable_PRS,i is defined as the time duration of available PRS in the PFL i to be measured during Tavailable_PRS,iIn our view, this part of the definition should not be changed. However, we agree that the part corresponding to calculation of Lavailable_PRS,i in Rel. 16 shall be updated to consider unmuted and fully or partially overlapped with PPW for gapless PRS measurement.
# Teffect,i: RAN4#101-bis-e agreed to not review/revisit UE processing capability {N,T}. Based on the agreement we do not see a need to change the definition of Teffect,i from Rel. 16.
# Scheduling restriction: Following are the UE capabilities for gapless PRS measurement:
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside PPW.
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside PPW.
In addition, following options are supported for priority handling of PRS when PRS measurement is performed outside MG:
· Option 1: UE may indicate support of two priority states.
· State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS.
· State 2: PRS is lower priority than all PDCCH/PDSCH/CSI-RS.
· Option 2: UE may indicate support of three priority states
· State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS.
· State 2: PRS is lower priority than PDCCH and URLLC PDSCH and higher priority than other PDSCH/CSI-RS. Note: The URLLC channel corresponds a dynamically scheduled PDSCH whose PUCCH resource for carrying ACK/NAK is marked as high priority.
· State 3: PRS is lower priority than all PDCCH/PDSCH/CSI-RS.
· Option 3: UE may indicate support of single priority state
· State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS.

Based on these agreements, scheduling restriction of UEs performing gapless PRS measurement can be formulated as shown in Table.1 and is also capture in our companion paper [2].
Table 1. Scheduling restriction of UE performing gapless PRS measurement.
	Capability
	Priority state(s)
	State
	Scheduling restrictions

	Cap. 1A
	Option 1
Option 2
Option 3
	State 1
	Not expected to measure DL signals and channels inside PPW.

	Cap. 1A
	Option 1
	State 2
	No scheduling restriction.

	Cap. 1A
	Option 2
	State 2
	Not expected to measure PDSCH/CSI-RS inside PPW. But is expected to measure PDCCH and URLLC PDSCH inside PPW.

	Cap. 1A
	Option 2
	State 3
	No scheduling restriction.

	Cap. 1B
	Option 1
Option 2
Option 3
	State 1
	Not expected to measure DL signals and channels in the same band as DL PRS inside PPW.

	Cap. 1B
	Option 1
	State 2
	No scheduling restriction.

	Cap. 1B
	Option 2
	State 2
	Not expected to measure PDSCH/CSI-RS in the same band as DL PRS inside PPW. But is expected to measure PDCCH and URLLC PDSCH in the same band as DL PRS inside PPW.

	Cap. 1B
	Option 2
	State 3
	No scheduling restriction.

	Cap. 2
	Option 1
Option 2
Option 3
	State 1
	Not expected to measure DL signals and channels on overlapped symbols with DL PRS inside PPW.

	Cap. 2
	Option 1
	State 2
	No scheduling restriction.

	Cap. 2
	Option 2
	State 2
	Not expected to measure PDSCH/CSI-RS on overlapped symbols with DL PRS inside PPW. But is expected to measure PDCCH and URLLC PDSCH on overlapped symbols with DL PRS inside PPW.

	Cap. 2
	Option 2
	State 3
	No scheduling restriction.



Moreover, scheduling restriction has no impact on measurement period requirement.
# PRS/SSB collision: RAN1 has not decided on prioritization of PRS over SSB or vice-versa. Moreover, this issue is more relevant to scheduling restriction discussion and has no impact on measurement period requirement.
# Requirement applicability: The measurement period requirement for gapless PRS measurement shall be applicable to UEs (capability 1 and capability 2) when PRS has higher priority over other DL signals and channels.
# CSSFPRS,i: CSSF that applies to gapless PRS measurement period requirement shall be equivalent to CSSFoutside,i and chapter 9.1.5 of TS38.133 shall be updated to also include CSSFoutside_gap,i for NR PRS-based positioning measurement. 
# MG/PPW reconfig/activation: A UE capable of performing gapless measurement will be configured to do the PRS measurement during PPW and no MG for positioning measurement will be configured to that UE. Therefore, in our view discussion on MG reconfig/activation is not relevant to measurement period requirement discussion for gapless PRS measurement. In addition, the measurement period requirement should not change provided a PPW is re-activated. However, we understand that a change in PPWRP might have an impact on measurement period requirement as captured in the agreement where Tavailable_PRS,i = LCM(TPRS,i, PPWRP).
Proposal #3:
	Parameter
	Proposal

	Applicable number of PFLs
	Based on RAN1 agreement.

	Approach on the calculation of multiple PFLs
	Sum-based

	Applicable number of samples
	4 and 1. 1 sample when the associated side conditions are met.

	Lavailable_PRS,i
	Option 2.

	Teffect,i
	Option 1.

	Requirement applicability
	Option 3.

	CSSFPRS,i 
	Option 3.

	Scheduling restriction
	No impact on measurement period requirement. Follow RAN1 agreement on PRS priority within PPW.

	PRS/SSB collision
	No impact on measurement period requirement. More relevant to scheduling restriction discussion.

	MG/PPW reconfig/activation
	# No MG configured for positioning for a UE capable of performing PRS measurements without gap. 
# Measurement period requirement should not change provided a PPW is re-activated.
# Change in PPWRP might have an impact on measurement period requirement as captured in the agreement where Tavailable_PRS,i = LCM(TPRS,i, PPWRP).



Condition of PRS measurement outside the MG
In RAN4#101-bis-e 4 potential values for threshold to determine if Rx time difference (RTD) of PRS from the non-serving cell satisfy the condition of gapless PRS measurement were discussed. The candidate values are CP length, half of the symbol, half of the slot, and 1 ms. In this section we have presented our evaluation and have summarized our understanding on Rx time difference threshold candidate values.
# CP length: CP length in NR depends on numerology. The shortest CP is 0.29 ms long and the longest CP is 5.2 ms long. Assuming that this is the duration within which PRS from the serving and non-serving has to arrive to UE for gapless measurement, then the distance between the serving and non-serving cell can be at least 87m and at most 1.5 km. Gapless PRS measurement is mainly devised for low latency positioning to support IIoT use cases where distance between serving and non-serving TRPs are typically within this range. Therefore, in our view CP length as RTD threshold shall be supported. In addition, CP length threshold allows multiplexing of PRSs from both serving and non-serving cell on same symbol. This becomes important mainly to support capability 2 devices for gapless PRS measurement.
# Half of the symbol: RTD threshold corresponding to the duration of half of the symbol was also brought up to the discussion. Half symbol duration as RTD, depending on numerology, allows serving and non-serving TRPs to be at least 22.5 km apart, assuming 120 kHz SCS. With this long distance the reception quality of PRSs become useless to maintain accuracy requirement. Moreover, data symbols from serving cell might collide with PRS from non-serving cell due to long RTD threshold creating interference to PRS reception. 
# Half of the slot/1ms: Half of the symbol duration RTD, RTD corresponding to half of the slot duration and 1ms will have an impact on PRS reception quality due to both large distance between serving and non-serving TRPs and collision of data symbol from serving cell with PRS from non-serving cell.
In RAN4#101-bis-e it was also discussed to define support of RTD value as a UE capability. In our understanding large RTD values offer flexibility to also support gapless positioning in a wider geographic area, but the performance can be limited due to interference and hearability of the cells for PRS measurement. For optimum handling of the RTD during gapless measurement we therefore are in a favor of network-based approach. After UE reports its capability of gapless measurement, network can then configure RTD threshold along with the PPW. The UE based on the assistance data will perform the RSTD measurements and report them to the network to derive a positioning fix. 
Proposal #4: Network based threshold shall be supported.
Optimization of PRS measurements with gaps
In RAN4#101-bis-e two options to optimize PRS measurements with gaps were discussed. Among the two options, we are in favor of option 1. From the description, option 2 seems to be more relevant for the case when the Nsample = 1. For this specific case, an agreement has already been reached and we do not see a need to do double agreement to solve the same problem. However, in option 1 the applicability to multiple PFLs shall be clearly mentioned.
Proposal #5: Support option 1 with its applicability to multiple PFLs. 
Summary
Based on the analysis presented in the previous section, following proposals are made to summarize our view on the addressed issues.
Proposal #1.a: Support option 1 of condition 1B on Rx power definition.
Proposal #1.b: In addition to condition 1 also support condition 2 as a complementary condition under which samples for AGC is reduced or not required for PRS measurements.
Proposal #2: LMF should not configure UE to perform measurements with Rx beam sweeping factor that is lower than the beam sweeping factor supported by UE as its capability.
Proposal #3:
	Parameter
	Proposal

	Applicable number of PFLs
	Based on RAN1 agreement.

	Approach on the calculation of multiple PFLs
	Sum-based

	Applicable number of samples
	4 and 1. 1 sample when the associated side conditions are met.

	Lavailable_PRS,i
	Option 2.

	Teffect,i
	Option 1.

	Requirement applicability
	Option 3.

	CSSFPRS,i 
	Option 3.

	Scheduling restriction
	No impact on measurement period requirement. Follow RAN1 agreement on PRS priority within PPW.

	PRS/SSB collision
	No impact on measurement period requirement. More relevant to scheduling restriction discussion.

	MG/PPW reconfig/activation
	# No MG configured for positioning for a UE capable of performing PRS measurements without gap. 
# Measurement period requirement should not change provided a PPW is re-activated.
# Change in PPWRP might have an impact on measurement period requirement as captured in the agreement where Tavailable_PRS,i = LCM(TPRS,i, PPWRP).



Proposal #4: Network configured threshold shall be supported.
Proposal #5: Support option 1 with its applicability to multiple PFLs.
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