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Introduction
RAN4 continued discussing core requirements for latency reduction enhancements for NR positioning in RAN4#103-e. Agreements and remaining issues were documented in a WF [1]. 
In this paper we will address open issues related to the following topics:
· Reduced number of samples for AGC
· Reduced Rx beam sweeping factor
· [bookmark: _Hlk84778842]PRS measurements without measurement gaps
· Condition on Rx timing difference for PRS measurements without measurement gaps
Reduced number of samples for AGC
In RAN4#103-e, RAN4 continued discussing conditions under which the UE may be able to perform positioning measurements without requiring measurement samples for Rx AGC. The following agreement was captured in the WF [1].
One or more conditions under which samples for AGC is reduced or not required for PRS measurements
Agreements:
· Additional samples for AGC for PRS measurements are not required in case the following conditions are met: 
· PRS bandwidth is within the active BWP and 
· Difference between the serving cell SS-RSRP and neighbor cell/TRP PRS-RSRP is within [6] dB
· FFS: Number of samples if the condition on the power difference is not satisfied:
· Option 1 (QC):
· Nsample = 4
· Option 2 (Intel, HW, CATT, OPPO, vivo, E///):
· Nsample = 2


The first three bullet points above (excluding the FFS) capture a prior RAN4 agreement. One issue we pointed out with that prior agreement is that it does not specify what happens if the condition on the difference between serving cell SS-RSRSP and neighbor cell/TRP PRS-RSRP is not satisfied. This is what the FFS portion above tries to address.
In Rel-17, the LMF may request a UE that supports FG 27-3-1 (below) to perform M-sample positioning measurements, by including requestedDL-PRS-ProcessingSamples in the location request. As indicated in the feature description, the requested number of samples does not include any extra samples for Rx AGC. That is, the LMF does not inform the UE whether the conditions for single-sample measurements, according to the above agreement, are satisfied.

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.

	27. NR_pos_enh
	27-3-1
	M-sample measurements
	The capability to support reporting a measurement based on measuring M=1 samples (instances) of a DL PRS resource set
	13-1
	No
	



	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	If the UE does not provide the capability, the UE is assumed to support M=4 only
	per band
	n/a
	n/a
	n/a
	The candidate values are {1 [FFS others]}

Need for location server to know if the feature is supported

Note: The sample number M=1 does not account for the potential AGC sample

Note: this feature is supported for both UE-assisted and UE based positioning
	Optional with capability signaling



Since the UE does not know whether the condition on the difference between serving cell SS-RSRSP and neighbor cell/TRP PRS-RSRP is satisfied, it needs to make an assumption prior to collecting the first sample of the measurement. If the UE assumes that the condition is satisfied but it turns out that the neighbor cell PRS power is higher than expected, the first sample may be saturated and unusable for either Rx AGC or for the positioning measurement. In that case, the UE would need at least two extra samples to perform the measurement. i.e. the total number of samples would be three. 
Ideally, the UE should have been provided additional information in the location request. E.g. if the LMF cannot guarantee that all the conditions for single-sample (no extra sample for Rx AGC) are met it could request measurements with two samples. In the absence of additional information, our view is that if the UE receives a location request with requestedDL-PRS-ProcessingSamples = 1, it is reasonable to assume that it does not need an extra sample for Rx AGC. However, if it turns out that assumption is incorrect, then the UE should be given more time to complete the measurement.
Proposal 1:
· If the UE that supports M-sample positioning measurements (FG 27-3-1) receives a location request with requestedDL-PRS-ProcessingSamples = 1, the UE assumes that it does not need an extra sample for Rx AGC.
· In that case, if the neighbor cell PRS RSRP is more than [6] dB higher than the serving cell SSB RSRP, the UE is allowed two extra samples (Nsample = 3) to complete the measurement.
Reduced Rx beam sweeping factor
RAN4 continued discussing measurement requirements for UEs that indicate support of the new RAN1 capability to perform positioning measurements with a reduced Rx beam sweeping factor. In RAN4#102-e, RAN4 sent an LS to RAN1 asking whether such a UE is always expected to use a reduced Rx beam sweeping factor or only if it is requested by the LMF [2]. There was no progress on this issue in the previous RAN4 meeting [1].
Now RAN1 has sent a reply LS informing RAN4 of agreements that address the question above [3].
Agreement
Support the LMF to request the Rx beam sweeping factor.

Agreement
The request from LMF on the Rx beam sweeping factor is a single bit per positioning method, which can take two values.
· Value 1: Equal to the UE’s reported Rx beam sweeping factor in the corresponding capability for the band UE supports the feature, and equal to 8 for the FR2 bands that UE does not support the feature.
· Value 2: Equal to 8 (default assumption) for FR2 bands.
· The bit value should be set to the same across DL-TDOA, DL-AoD, and Multi-RTT for hybrid positioning.

Based on the RAN1 agreements, the measurement requirement would be based on the reduced Rx beam sweeping factor indicated by the UE (if it supports the capability) if the LMF explicitly requests it, otherwise the default Rx beam sweeping factor from Rel-16 applies.
Proposal 2: For a UE that supports positioning measurements in FR2 with a reduced Rx beam sweeping factor,
· the measurement requirement is based on the reduced Rx beam sweeping factor supported by the UE only when the LMF requests it explicitly in the location request;
· otherwise, the default Rx beam sweeping factor applies.
PRS measurements without measurement gaps
RAN4 reached various agreements concerning PRS measurements without gaps in RAN4#103-e [1]. In this section, we discuss the following open issues:
· Dependence of measurement requirements on PPW type (1A/1B/2)
· Measurement period for multiple PFLs
· Scheduling restriction
· Collisions with SSB
Dependence of measurement requirements on PPW type 1A/1B/2
RAN1 has introduced a new UE PRS processing capability for measurements performed within PPW [2]. RAN4 should clarify the requirements for PRS measurements within PPW taking into account the new capability.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.

	27. NR_pos_enh
	27-3-3
	DL PRS Processing Capability outside MG - buffering capability
	1. DL PRS buffering capability
a)   Type 1 – sub-slot/symbol level buffering
b)   Type 2 – slot level buffering
 
2a. 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 .
 
2b. Duration of DL PRS symbols N2 in units of ms a UE can process inT2 ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE .
 
3. Max number of DL PRS resources that UE can process in a slot under it
	27-3-2
	No
	 



	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	DL PRS measurement outside MG and in a PRS processing window is not supported
	Per band
	n/a
	n/a
	n/a
	Component 1 candidate values: {Type 1, Type 2}
 
Component 2a candidate values:
1. T: {1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
1. N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms
 
[Candidate 2b component values:
a)   N2: {0.125, 0.25, 0.5, 1, 2, 3, 4, 5, 6, 8, 12} ms
b)   T2: {N+4, N+5, N+6, N+8} ms]
 
Component 3 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS : 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS : 60kHz, 120kHz
 
Need for location server to know if the feature is supported
 
Note 1:The (N, T) UE capabilities are interpreted as legacy (N, T) in FG 13-1, and the UE is expected to receive the PRS within the PRS processing window and but the processing of the received PRS may be outside a PRS processing window.
 
The (N2, T2) UE capabilities are interpreted such that the UE is capable of measuring up to N2 ms PRS within a PPW and is capable of completing the PRS processing within the PPW, e.g., if the time duration from the last symbol of the measured PRS resource(s) inside the PPW, to the end of PPW is not smaller than T2 ms
 
[Note 3: UE shall support either or both of component 2a and component 2b]
 
Note 4: A UE may shall declare PRS processing capabilities of each of the supported Type-1A, Type-1B, Type-2” capabilities in case it supports multiple types in a band
 
A UE that supports FG 27-3-2 must indicate this FG is supported
	Optional with capability signaling



According to the description of FG 27-3-3, a UE that reports component 2b “is capable of measuring up to N2 ms PRS within a PPW and is capable of completing the PRS processing within the PPW, e.g., if the time duration from the last symbol of the measured PRS resource(s) inside the PPW, to the end of PPW is not smaller than T2 ms.” In that case, the total maximum buffering and processing time would be N2 + T2. i.e. the UE can process at most N2 ms duration of PRS in N2 + T2 ms. In addition, it should be clarified the PRS resources cannot be measured in the last T2 ms of the PPW.

Observation 1: A UE that supports FG 27-3-3 with component 2b is capable of processing at most N2 ms duration of PRS in N2 + T2 ms.
Observation 2: For UEs that support FG 27-3-3 with component 2b, PRS resources cannot be measured in the last T2 ms of the PPW.
Proposal 3: For a UE that supports FG 27-3-3 with component 2a, the measurement period formulas apply with  and .
Proposal 4: for a UE that supports FG 27-3-3 with component 2b, the measurement period formulas apply with  and .
Proposal 5: For UE that supports FG 27-3-3 with component 2b,  excludes PRS resource instances that overlap with the last T2 ms of a PPW instance.

Measurement period for multiple PFLs
RAN4 sent an LS to RAN1 requesting clarification on the number of applicable PFLs for a PPW. RAN1 has provided the response below [5].
On the applicable number of PFLs for the gapless PRS measurement

· RAN1 already agreed in RAN1#108-e that inside each single instance of a PRS processing window, a single PFL can be measured. This is applicable to all Types of MG-less PRS processing.
· In addition, it is RAN1 understanding that the applicable number of positioning frequency layers for the gapless PRS measurement within a PRS processing window is one across all instances of the PRS processing window.

Proposal 6: When the UE is configured to measure multiple PFLs without measurement gaps,
· If the UE supports DL-PRS processing component 2b (N2, T2) on all the activated PPWs. the measurement period is the maximum measurement period across layers
· The starting point of the measurement period for each PFL would be different depending on the corresponding PPW slot offset (activated PPWs cannot overlap in time)
· The overall measurement period ends when the measurement periods for all the PFLs have ended.
· Otherwise, the measurement period requirement is based on the sum-approach as for measurements within gap.

Collisions with SSB
The agreement below defines the priority of SSB vs. PRS measurements within PPW [1]. However, the agreement does not distinguish between different types of PPW. For PPW type 1A/1B the UE is not expected to process PRS if any other higher-priority DL signals overlap with the PPW instance. On the other hand, for PPW type 2 the prioritization is done at the symbol level. The agreement should be clarified to reflect these differences.
PRS/SSB collision within PPW 
Agreements:
· SSB is prioritized over PRS in case of collisions between SMTC and PRS within a processing window.
· If a PRS resource is overlapped any symbol for SSB measurement, no measurement period requirement would apply for the PRS resource.
· Otherwise, the measurement period requirements apply for this PRS resource without CSSF.
· For defining collision between PRS and SSB, all symbols used for SSB based BM or RRM measurement on all the CCs and all the MOs should be considered.

Proposal 7: Clarify the prioritization of SSB vs. PRS within PPW as follows
· For PPW type 1A/1B, SSB is prioritized over PRS in case of collisions between SMTC and PPW.
· For PPW type 2, SSB is prioritized over PRS only in the symbols where SSB and PRS collide within the PPW.

Scheduling restriction
RAN1 has reached an initial agreement defining timelines to resolve collisions between PRS and other dynamically scheduled DL signals/channels, in the context of positioning measurements within PPW [7]. The timelines are different for type 1A/1B and type 2 PPWs, and the parameter N is still undefined.
Agreements:
The PRS collision detection timeline for the case when PRS is lower priority than the DL signals/channels is define as following.
· For a type 1A and type 1B PRS processing window
o If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS in the PPW later than [N symbol/T ms] before the start of the PPW, UE is not required to receive the other DL signals/channels except SSB of higher priority and may receive the DL PRS in the PPW.
· For a type 2 PRS processing window considered active
o If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS on a PRS symbol later than [N symbol/T ms] before the PRS symbol, UE is not required to receive the other DL signals/channels except SSB of higher priority and may receive the PRS symbol.
· Note 1: This implies that if the scheduling of other DL signals/channels of higher priority arrives too late, UE may consider the PRS as higher priority than the other DL signals/channels.
· Note 2: If the scheduling of other DL signals/channels of higher priority arrives too late, it is up to UE implementation whether to receive the other DL signals/channels.

Observation 3: RAN1 will define timelines to resolve collisions between PRS and other dynamically scheduled DL signals/channels, dependent on PPW type (1A/1B/2). 
Proposal 8: RAN4 should add a reference to the RAN1 rules for resolving collisions between PRS and other dynamically scheduled DL signals/channels in 38.133, section 9.9.1.2 (General aspects of Gapless Measurements). No additional requirements/clarifications are needed.



Priority of measurements without gaps vs measurements with gaps
The last open issue is about how to prioritize measurements with gaps vs. measurements without gaps.
· FFS: For PRS measurement outside MG, the PRS requirements apply provided that no POS MG is activated during the measurement period.


Proposal 9: If the network configures/activates measurement gaps applicable for positioning measurements and activates PPWs simultaneously 
· Positioning measurements within measurement gaps are prioritized over measurements within PPW.
· Measurement period requirement for measurements with gaps apply.
· Measurement period for gapless measurements is extended by an unspecified amount of time.

Conclusions
Proposal 1:
· If the UE that supports M-sample positioning measurements (FG 27-3-1) receives a location request with requestedDL-PRS-ProcessingSamples = 1, the UE assumes that it does not need an extra sample for Rx AGC.
· In that case, if the neighbor cell PRS RSRP is more than [6] dB higher than the serving cell SSB RSRP, the UE is allowed two extra samples (Nsample = 3) to complete the measurement.
Proposal 2: For a UE that supports positioning measurements in FR2 with a reduced Rx beam sweeping factor,
· the measurement requirement is based on the reduced Rx beam sweeping factor supported by the UE only when the LMF requests it explicitly in the location request;
· otherwise, the default Rx beam sweeping factor applies.
Observation 1: A UE that supports FG 27-3-3 with component 2b is capable of processing at most N2 ms duration of PRS in N2 + T2 ms.
Observation 2: For UEs that support FG 27-3-3 with component 2b, PRS resources cannot be measured in the last T2 ms of the PPW.
Proposal 3: For a UE that supports FG 27-3-3 with component 2a, the measurement period formulas apply with  and .
Proposal 4: for a UE that supports FG 27-3-3 with component 2b, the measurement period formulas apply with  and .
Proposal 5: For UE that supports FG 27-3-3 with component 2b,  excludes PRS resource instances that overlap with the last T2 ms of a PPW instance.
Proposal 6: When the UE is configured to measure multiple PFLs without measurement gaps,
· If the UE supports DL-PRS processing component 2b (N2, T2) on all the activated PPWs. the measurement period is the maximum measurement period across layers
· The starting point of the measurement period for each PFL would be different depending on the corresponding PPW slot offset (activated PPWs cannot overlap in time)
· The overall measurement period ends when the measurement periods for all the PFLs have ended.
· Otherwise, the measurement period requirement is based on the sum-approach as for measurements within gap.
Proposal 7: Clarify the prioritization of SSB vs. PRS within PPW as follows
· For PPW type 1A/1B, SSB is prioritized over PRS in case of collisions between SMTC and PPW.
· For PPW type 2, SSB is prioritized over PRS only in the symbols where SSB and PRS collide within the PPW.
Observation 3: RAN1 will define timelines to resolve collisions between PRS and other dynamically scheduled DL signals/channels, dependent on PPW type (1A/1B/2). 
Proposal 8: RAN4 should add a reference to the RAN1 rules for resolving collisions between PRS and other dynamically scheduled DL signals/channels in 38.133, section 9.9.1.2 (General aspects of Gapless Measurements). No additional requirements/clarifications are needed.
Proposal 9: If the network configures/activates measurement gaps applicable for positioning measurements and activates PPWs simultaneously 
· Positioning measurements within measurement gaps are prioritized over measurements within PPW.
· Measurement period requirement for measurements with gaps apply.
· Measurement period for gapless measurements is extended by an unspecified amount of time.
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