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Introduction
RAN4 officially completed the core requirements for latency reduction enhancements for NR positioning measurements in RAN4#102-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#102-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


The above agreement 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. If the UE sets its RxAGC assuming the condition holds but it doesn’t then the first collected sample may not be valid. E.g. if PRS power is much stronger than expected, the first sample could be saturated and unusable even for Rx AGC. In our view, if the conditions are not satisfied the UE may consume up to four samples (the default in Rel-16) to process and report the measurement. We would also propose to keep the ±6 dB as tentative (inside square brackets) until the requirement is further clarified.
Proposal 1: 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
· the difference between the serving cell SS-RSRP and neighbor cell/TRP PRS-RSRP is within [6] dB.
· If the condition on the power difference is not satisfied, the UE may consume up to four samples to report the measurements.
Reduced Rx beam sweeping factor
RAN4 is discussing measurement requirements for a UE that indicates support of the new RAN1 capability to perform positioning measurements with a reduced Rx beam sweeping factor. In RAN4#102-e the question was raised of whether such a UE is always expected to use a reduced Rx beam sweeping factor or only if it is requested by the LMF. RAN4 sent an LS to RAN1 to get their input on this question [3].
Agreements:
· FFS on whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor?
· Option 1: 
· Yes
· Option 2: 
· No
· A  LS can be send to RAN1 to check whether LMF needs to request UE to perform PRS measurements with a reduced Rx beams sweeping factor in FR2.

We expect that RAN4 will receive a response from RAN1 during RAN4#103-e. 
Based on previous RAN4 agreements, if the UE indicates that it supports a reduced Rx beam sweeping factor, a shorter measurement period would be expected without any relaxation in measurement accuracy requirements [4]. i.e. the LMF can expect the same accuracy with a shorter reporting delay. Even though no impact will be reflected in the accuracy requirements, in practice the UE may be able to achieve better accuracy when it uses a larger number of Rx beams. If the UE does not receive a request for a reduced Rx beam sweeping factor from the LMF, the UE assumes that measurement requirements with the default Rx beam sweeping factor from Rel-16 apply.
Proposal 2: The LMF should indicate use of a reduced Rx beam sweeping factor explicitly in the location request, otherwise the default Rx beam sweeping factor is assumed by the UE.
PRS measurements without measurement gaps
In RAN4#102-e, the following agreements were reached regarding core requirements for PRS measurements without gaps [1]. 
Issue 1-2-1A: 
Agreements:
· ” is the time duration of available PRS in the positioning frequency layer i to be measured during , and is calculated in the same way as PRS duration K defined in clause 5.1.6.5 of TS 38.214. For calculation of , only unmuted PRS resource instances that meet the applicability conditions and fully or partially overlapped with PRS processing window are considered.”
Issue 1-2-1B: 
Agreements:
·  is based on existing PRS measurement requirements in Rel-16
Issue 1-2-1C: Applicable number of PFLs´
Candidate options:
· Option 1: Intel, Vivo, QC, HW
· 1 PFL
· Option 2: E///, Nokia, CATT
· Multiple PFLs
Agreements:
· Send LS to RAN1 to check applicable number of PFLs for measurement without gaps.
· R4-2207098: LS on applicable number of PFL for gapless PRS measurement
Issue 1-2-1D: Applicable number of samples (N)
Agreements:
· Without reduced number of samples follow legacy requirements i.e. N=4.
· For reduced number of samples follow the agreement under issue 1-1-4.
Issue 1-2-1E: Approach on the calculation of multiple positioning frequency layers
Agreements:
· Related to issue 1-2-1C. Postpone the discussion until receiving RAN1 feedback on supported number of PFLs.
Issue 1-2-1F: Requirement applicability conditions
Agreements:
· PRS is within PPW.
· PRS do not overlapped with other signals/channels of higher priority.
· Receive timing difference between the serving cell and a neighbor cell PRS ≤ Threshold; Threshold =FFS.
· SCS of PRS within PPW and SCS of DL active BWP are the same.
Issue 1-2-1G: CSSF outside MG
Agreements:
· CSSF design for PRS measurements without gaps is related to priority between PRS and SSB when PRS and SSB collide within PPW is under discussion in RAN1 (related issue 1-2-1I). 
· Postpone the discussion on CSSF outside MG until RAN1 concludes on the above issue.


Issue 1-2-1H: Scheduling restriction
Agreements:
· Scheduling restriction for PRS measurements without gaps is under discussion in RAN1. 
· Postpone the discussion on scheduling restriction requirements until RAN1 concludes on the above issue.
Issue 1-2-1I: PRS/SSB collision within PPW
Agreements:
· Priority between PRS and SSB when PRS and SSB collide within PPW is under discussion in RAN1. 
· Postpone the discussion on impact on PRS measurement requirements until RAN1 concludes on the above issue.
Issue 1-2-1J: MG/PPW reconfiguration/activation
Agreements:
· Reconfiguration of PPW impacts PRS measurement period:
· PRS measurement period is extended if PPW is reconfigured during the PRS measurement period.
· MG reconfiguration does not impact PRS measurement without gaps.
Issue 1-2-1K:   calculation
Agreements:
· When calculating  , only consider PRS resources that meet the applicability conditions for PRS measurements within the PRS processing window.

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. According to the description of Feature Group 27-3-3 (DL PRS Processing Capability outside MG - buffering capability), it comprises three components:
1. DL PRS buffering capability
a) Type 1 – sub-slot/symbol level buffering
b) Type 2 – slot level buffering
2. [Maximum duration of DL PRS symbols N in units of ms a UE can process in the first part of a PRS processing window assuming maximum DL PRS bandwidth in MHz, such that the UE is capable of reporting the measurements T-N ms after the last PRS symbol]
3. Max number of DL PRS resources that UE can process in a slot under it
Although the second component of the capability has not been finalized, our view is that the proposed text would be applicable to UEs that signal support of PRS measurements within PPW with capability type 1A and/or 1B. Based on the description above, a PPW is divided in two parts: a first (front) part in which PRS resources are received, and a one second (back) part, where processing of the resources is completed, within the last T-N ms. Therefore, a necessary condition for PRS measurements within PPW is that the PRS resources must overlap with the front portion of the PPW, excluding the last T-N ms.
Observation 1: For UEs that support PRS measurements within PPW with capability 1A and/or 1B, the PRS resources measured within each PRS processing window instance must overlap with the front portion of the window, excluding the last T-N ms.
Observation 2: For UEs that support PRS measurements within PPW with capability 1A and/or 1B, processing of PRS resources measured within each PRS processing window instance must be completed within the PRS processing window instance.
Proposal 3: For UEs that support PRS measurements within PPW with capability 1A and/or 1B, the calculation of  considers only unmuted PRS resource instances that meet the applicability conditions and are fully or partially overlapped with the first part of a PRS processing window, excluding the last T-N ms.
RAN1 has clarified that the gNB can configure one PPW per BWP per CC [8]. Therefore, there can be at most one active PPW per CC. Furthemore, ff multiple PPWs (corresponding to active BWPs on different CCs) are active at the same time, PPW instances do not overlap in time.
Agreement
· The PRS processing window is configured per DL BWP.
· Processing type, to be selected from 1A, 1B and 2, will be provided associated with the PRS processing window if and only if multiple processing types per band in the UE capability signaling is supported.
· No need to provide band ID and CC ID associated with the PRS processing window.
· A single priority indicator is provided for a PRS processing window, which applies to all PRS within the PRS processing window for the corresponding DL BWP.
· The maximum number of activated PRS processing windows per DL BWP is 1.
· The maximum number of activated PRS processing windows across all active DL BWPs is 4.
· The maximum number of activated PRS processing windows overlapping in time across all active DL BWPs is 1

Observation 3: If multiple PPWs (corresponding to active BWPs on different CCs) are active at the same time, the PPW instances cannot overlap in time.
Regarding the number of applicable PFLs for each PPW, RAN4 sent an LS to RAN1 to get clarification on this question [5]. RAN4 needs a response from RAN1 before finalizing requirements for PRS measurements without gaps.
Since the applicability of PRS measurements within a PPW depends on the relative priority of PRS vs. other DL signals and channels that may or may not be present in each PPW instance, it is not practical to specify detailed measurement period requirements covering all possible scenarios. We propose to introduce measurement period requirements applicable for scenarios in which PRS has higher priority than all other signals present within PPWs during the measurement period.
Additionally, RAN1 sent a LS providing clarification about the relative priority of PRS vs. other DL signals/channels for capabilities 1B and 2 in scenarios where the UE is configured to receive DL signals/channels in multiple bands in FR2 [6]. RAN1 requests that RAN4 define the prioritization rules for such scenarios.
	UE capability
	PPW in FR1
	PPW in FR2

	1A
	PRS is processed if it has higher priority than all other DL signals/channels per UE
	PRS is processed if it has higher priority than all other DL signals/channels per UE

	1B
	PRS is processed if it has higher priority than all other DL signals/channels in the same band (including when the UE is in FR1-FR2 NR-DC)
	For UEs supporting IBM, PRS is processed if it has higher priority than all other DL signals/channels in the same band (in FR2).
For UEs supporting CBM, PRS is processed if it has higher priority than all other DL signals/channels in FR2.

	2
	PRS is processed if it has higher priority than all other DL signals/channels in the same CC, that overlap in time with PRS symbols.
	For UEs supporting IBM, PRS is processed if it has higher priority than all other DL signals/channels in the same band (in FR2).
For UEs supporting CBM, PRS is processed if it has higher priority than all other DL signals/channels in FR2.


Table 1: Prioritization rules within PPW
Proposal 4: For UEs supporting Capability 1B or 2, and supporting IBM, PRS in FR2 is processed if it has higher priority than all other DL signals/channels in the same band.
Proposal 5: For UEs supporting Capability 1B or 2, and supporting CBM, PRS in FR2 is processed if it has higher priority than all other DL signals/channels in FR2.
Proposal 6: For UEs supporting Capability 1A, RAN4 will specify measurement period requirement for the case when PRS has higher priority than all other signals/channels (per UE) present inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (per UE) are present inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 7: For UEs supporting Capability 1B, RAN4 will specify measurement period requirement for the case when PRS in FR1 has higher priority than all other signals/channels (in the same band) present inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (in the same band) are present inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 8: For UEs supporting Capability 2, RAN4 will specify measurement period requirement for the case when PRS in FR1 has higher priority than all other signals/channels (in the same CC) that overlap in time with PRS symbols inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (in the same CC) overlap in time with PRS symbols inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 9: For UEs supporting Capability 1B or 2, and supporting IBM, RAN4 will specify measurement period requirement for the case when PRS in FR2 has higher priority than all other signals/channels (in the same band) present inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (in the same band) are present inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 10: For UEs supporting Capability 1B or 2, and supporting CBM, RAN4 will specify measurement period requirement for the case when PRS in FR2 has higher priority than all other signals/channels (in FR2) present inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (in FR2) are present inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 11: If PRS resources in the DL-PRS assistance data consistently overlap with other DL signals/channels that have higher priority, the measurement requirements do not apply.
The options that RAN1 has defined to indicate the relative priority of PRS vs. other DL signals/channels within a PPW do not include SSB [7]. Regarding the priority between SSB and PRS within a PRS processing window, RAN1 concluded that RAN4 should define it [8].
Conclusion
RAN1 understand that the priority between SSB and PRS is up to RAN4 to define.

Proposal 12: SSB is prioritized over PRS in case of collisions between SMTC and PRS within a processing window.
Condition on Rx timing difference for PRS measurements without measurement gaps 
RAN4 reached the following agreement regarding the Rx timing difference between the serving cell and a neighbor cell/TRP [1]:
Issue 1-2-2: Related to RAN1 LS on condition of PRS measurement outside the MG
Agreements:
· Introduce UE capability for the maximum Rx timing difference in MG-less PRS measurement 
· Option 1: two values {CP length, 0.5 slot}
· Other options are not precluded
· LS reply sent to RAN1/RAN2: 
· R4-2206981: LS reply on condition of PRS measurement outside the MG

According to the agreement, a UE capability will be introduced to signal the maximum Rx timing difference supported by the UE. The candidate values are not yet finalized.
One key question that remains unanswered is: what are the timing reference points to calculate the Rx timing difference? Is it the difference between the closest subframe boundaries, slot boundaries or symbol boundaries? This question is relevant to determine the range of the Rx timing difference. E.g. if the Rx timing difference refers to the difference between slot boundaries, then the range would be ± ½ slot, and if the Rx timing difference refers to the difference between symbol boundaries, then the range would be ± ½ symbol length (half of the maximum symbol length within a slot).
Between the three choices mentioned above for evaluating the Rx timing difference (symbol-level, slot-level and subframe-level), slot-level is sufficient because it provides a large enough range for the Rx timing difference (0.5 ms for SCS = 15 kHz, corresponding to a difference in propagation distance of 150 km), and it is attractive from the point of view of limiting the timing difference in proportion to numerology (contrary to subframe length).
In the above agreement, two candidate values (CP length and 0.5 slot) are proposed for the threshold of the Rx timing difference. If the Rx timing difference is calculated as the difference between the two closest slots, then a UE that signals a threshold equal to 0.5 slot would indicate that it does not need any restriction on the Rx timing difference between serving cell and neighbor cell/TRP. Therefore, if the only values that can be signaled by the UE are CP length and 0.5 slot, effectively there would be only one threshold (CP length), and 0.5 slot would mean “no threshold needed.”
A threshold equal to one CP length may be needed by some UE implementations but it is quite small in terms of equivalent propagation distance, especially for higher SCS. In our view, there should be room for an intermediate threshold value, on the order of the symbol length.
Proposal 13: The applicability condition on Rx timing difference between the serving cell and a neighbor cell/TRP for PRS measurements within a PPW is , where
·  is the time difference between the start of a slot containing PRS from the neighbor cell/TRP and the start of the closest slot from the serving cell, and
·  is the selected threshold.
Proposal 14: The UE capability to signal the threshold of the applicability condition on Rx timing difference between serving cell and neighbor cells/TRPs for PRS measurements within a PPW includes the values: CP length, ¼ symbol length and ½ slot length.
Conclusions
Proposal 1: 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
· the difference between the serving cell SS-RSRP and neighbor cell/TRP PRS-RSRP is within [6] dB.
· [bookmark: _GoBack]If the condition on the power difference is not satisfied, the UE may consume up to four samples to report the measurements.
Proposal 2: The LMF should indicate use of a reduced Rx beam sweeping factor explicitly in the location request, otherwise the default Rx beam sweeping factor is assumed by the UE.
Observation 1: For UEs that support PRS measurements within PPW with capability 1A and/or 1B, the PRS resources measured within each PRS processing window instance must overlap with the front portion of the window, excluding the last T-N ms.
Observation 2: For UEs that support PRS measurements within PPW with capability 1A and/or 1B, processing of PRS resources measured within each PRS processing window instance must be completed within the PRS processing window instance.
Proposal 3: For UEs that support PRS measurements within PPW with capability 1A and/or 1B, the calculation of  considers only unmuted PRS resource instances that meet the applicability conditions and are fully or partially overlapped with the first part of a PRS processing window, excluding the last T-N ms.
Observation 3: If multiple PPWs (corresponding to active BWPs on different CCs) are active at the same time, the PPW instances cannot overlap in time.
Proposal 4: For UEs supporting Capability 1B or 2, and supporting IBM, PRS in FR2 is processed if it has higher priority than all other DL signals/channels in the same band.
Proposal 5: For UEs supporting Capability 1B or 2, and supporting CBM, PRS in FR2 is processed if it has higher priority than all other DL signals/channels in FR2.
Proposal 6: For UEs supporting Capability 1A, RAN4 will specify measurement period requirement for the case when PRS has higher priority than all other signals/channels (per UE) present inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (per UE) are present inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 7: For UEs supporting Capability 1B, RAN4 will specify measurement period requirement for the case when PRS in FR1 has higher priority than all other signals/channels (in the same band) present inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (in the same band) are present inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 8: For UEs supporting Capability 2, RAN4 will specify measurement period requirement for the case when PRS in FR1 has higher priority than all other signals/channels (in the same CC) that overlap in time with PRS symbols inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (in the same CC) overlap in time with PRS symbols inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 9: For UEs supporting Capability 1B or 2, and supporting IBM, RAN4 will specify measurement period requirement for the case when PRS in FR2 has higher priority than all other signals/channels (in the same band) present inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (in the same band) are present inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 10: For UEs supporting Capability 1B or 2, and supporting CBM, RAN4 will specify measurement period requirement for the case when PRS in FR2 has higher priority than all other signals/channels (in FR2) present inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (in FR2) are present inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 11: If PRS resources in the DL-PRS assistance data consistently overlap with other DL signals/channels that have higher priority, the measurement requirements do not apply.
Proposal 12: SSB is prioritized over PRS in case of collisions between SMTC and PRS within a processing window.
Proposal 13: The applicability condition on Rx timing difference between the serving cell and a neighbor cell/TRP for PRS measurements within a PPW is , where
·  is the time difference between the start of a slot containing PRS from the neighbor cell/TRP and the start of the closest slot from the serving cell, and
·  is the selected threshold.
Proposal 14: The UE capability to signal the threshold of the applicability condition on Rx timing difference between serving cell and neighbor cells/TRPs for PRS measurements within a PPW includes the values: CP length, ¼ symbol length and ½ slot length.
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