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Introduction
In this paper, we discuss the remaining RRM issues for R17 NCSG and NR_pos_enh [1, 7].
NCSG
When UE perform measurement without gap for inter-RAT LTE measurement and UE indicated nogap-noncsg via NeedForNCSG-InfoEUTRAN, we may consider the non-DRx reporting delay, which is based on gap pattern #0 or #1 and corresponding Tinter1 as a reference for delay requirement. However, network may not configure a gap pattern to UE when UE can perform gapless measurement on inter-RAT target cells . Note that the gapless measurement implementation implies higher power consumption from squeezing all the turning on RF chain and baseband programming procedure within CP, or extending the turning on procedure to achieve zero interruption. While gapless measurement can improve throughput, both implementation methods may consumes more power. To achieve throughput gain with reasonable power consumption, we propose to define the gapless inter-RAT to LTE measurement for non-DRx based on inter-RAT to LTE measurement with GP #1, i.e., 80ms MGRP. We envision the application scenario of gapless measurement to have throughput prioritized over measurement delay, and if network wants to prioritize measurement delay over throughput, it can still configure shorter gap or NCSG period to achieve it. Therefore, we propose to define inter-RAT to LTE gapless delay requirement under non-DRX based on  corresponding to gap pattern #1 as: 
,
Observation 1: Non-DRX may be considered for inter-RAT LTE measurement without gap when UE indicate nogap-noncsg via NeedForNCSG-InfroEUTRAN.
Observation 2: Gapless measurement may require higher power consumption from implementing RF tune/programming procedure to achieve zero interruption.
Observation 3: To prioritize achieving throughput gain with reasonable power consumption, longer measurement delay based on NCSG gap pattern #1 is suitable under non-DRX.
Proposal 1: For inter-RAT LTE measurement without gap requirements under non-DRX, Tinter1 = 30ms based on NCSG gap pattern #1 is used for .
NR Positioning
 Latency reduction
 Reduced number of samples for AGC
RAN4 continued discussing conditions under which the UE may be able to perform positioning measurements without requiring measurement samples for Rx AGC. The latest related agreement from RAN4#103-e is shown below for reference [3].
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 problem 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. That is what the FFS portion above tries to address.
The remaining issue concerning the applicable number of samples when the power difference condition between SSB and PRS is not satisfied was discussed again in RAN4#104-e [1, 2]. A new proposal (option 2) was set forth to try to address the issue only in scenarios where the default assumption of two samples may not work. Below we provide justification for the new proposal.
Issue 1-1-1: Number of samples (Ns) if the condition on the power difference is not satisfied
· Option 1: CATT, CMCC, E///, HW, OPPO, vivo, Nokia
· Ns = 2
· Option 2: Qualcomm, MTK
· 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.


In Rel-17, the LMF may request a UE that supports FG 27-3-1 (for connected state) or FG 14-2 (for inactive state) to perform M-sample positioning measurements, by including requestedDL-PRS-ProcessingSamples in the location request. As highlighted in the feature description, the requested number of samples does not account for any extra samples for Rx AGC. i.e. the LMF does not tell the UE whether it can skip the sample for Rx AGC. In other words, the LMF does not inform the UE whether the conditions for single-sample measurements are satisfied.
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 much 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.

	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



	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 (V2X WI only)”.

	14
NR_pos_enh
	14-2
	PRS measurement for reduced sample in RRC_inactive state
	Capability of supporting reduced number of samples (M=1, 2) for PRS measurement in RRC_inactive state
	27-17
	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

	The reduced number of  samples (M=1,2) for PRS measurement in RRC_inactive state cannot be supported. The UE is assumed to support M=4 only.
	Per UE
	No
	No
	N/A
	
	Optional with capability signaling




Proposal 2:
· If the UE that supports M-sample positioning measurements (FG 27-3-1 and/or FG 14-2) 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.
 Measurement period for multiple PFLs
RAN1 confirmed in a recent LS reply to RAN4 that only a single PFL is expected to be measured across all time instances of a PPW [4]. The implication is that in order to measure multiple PFLs without measurement gaps (in connected mode) multiple PPWs must be activated; one PPW for each PFL to be measured.
In RAN4#104-e, two similar proposals were set forth to define requirements for multiple PFLs measured without measurement gaps [1, 2]. 
Issue 1-2-3: Measurement period for multiple PFLs
· Proposal 1: QC
· 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 2: HW
· If there are more than one PFLs within an active BWP, it is up to UE implementation to choose one PFL to measure, and no measurement requirements would apply.
· Define requirements for multiple PFLs as 
· sum(Tmeas,i) + (L-1)*max(Teffect,i), if multiple PFLs are in Case 1 (same as measurement within MG)
· max(Tmeas,i + Tuncertainty,i), if multiple PFLs are in Case 2, where Tuncertainty,i is the time from the start of the first PPW occasion for PFL#i to the start of measurement period.


In our view, the two proposals are very similar. The main point of the proposals is that when the UE is capable of measuring multiple PFLs with multiple PPWs, such that each measurement sample for each PFL is processed completely within a corresponding PPW instance, then it is possible to define the requirement based on the maximum measurement delay across the layers. That would be possible only when all the activated PPWs support component 2b in the DL PRS Processing Capability outside MG (27-3-3). Otherwise, the measurement period requirement would be defined using the sum approach.
Proposal 2 includes some details of the formulas, which can be finalized as part of a CR discussion. To address the different time alignment of PPW instances (Tuncertainty,i), we would propose to upper-bound it using the maximum periodicity (PPWRP) across the activated PPWs.
Another difference is that Proposal 2 clarifies that no requirements apply if more than one of the multiple PFLs overlaps with a single PPW. It would be reasonable to add such clarification. 
Proposal 3: When the UE is configured to measure multiple PFLs without measurement gaps,
· If multiple PFLs overlap in time/frequency with an activated PPW, no measurement requirements apply. It is up to UE implementation which PFL is measured within the PPW.
· If each PFL overlaps with exactly one activated PPW and 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.
· The formula for the measurement period can be: max(Tmeas, i) + max(PPWRPi)
· Otherwise, the measurement period requirement is based on the sum-approach as for measurements within gap.
 Scheduling restriction for measurements within PPW
RAN4 reached the below agreement regarding scheduling restrictions associated with PRS measurements without gaps [1].
Issue 1-2-5: Scheduling restriction 
Agreement:

· When PRS is lower priority than the DL signals/channels the following applies for cap1A and 1B UEs:
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS in the PPW no later than [N symbol/T ms] before the start of the PPW, UE expects to receive the DL signals/channels and drop all DL PRS in the PPW.
· 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.

· When PRS is lower priority than the DL signals/channels the following applies for cap 2 UEs:
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS on a PRS symbol no later than [N symbol/T ms] before the PRS symbol, UE expects to receive the DL signals/channels and drop the PRS symbol.
· 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.

· For inter-band case for FR2 for the DL signals/channels from a different FR2 band than the FR2 band of the DL PRS, if the same Rx beam is used for both FR2 bands and the DL PRS is determined to be higher priority, capability 1B and 2 UEs are not expected to receive the DL signals/channels.

The remaining issue is the actual value of “N symbols/T ms” in the agreement. For that purpose, we refer to the RAN1 agreements shown below.
Agreement
· With regards to the action time for the PRS prioritization over other DL channels
· Alt.1: support N = N2 (clause 6.4 of TS 38.214) for the subcarrier spacing of the PDCCH.

Agreement
Revise the previous agreement as follows:
· With regards to the action time for the PRS prioritization over other DL channels
· Alt.1: support N = N2 (clause 6.4 of TS 38.214) for the subcarrier spacing of the PRS.

R1-2208218         Draft CR on completing the PPW processing timeline       Moderator (Huawei), Qualcomm, ZTE, Nokia
Agreement
Final CR is agreed in R1-2208239.



Proposal 4: In the RAN4 agreement on scheduling restriction associated with PRS measurements within PPW, set N = N2 based on the subcarrier spacing of DL-PRS, where N2 is given by TS 38.211, Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2, respectively. 
 Priority of measurements with and without gaps
The last open issue concerns how to prioritize measurements with gaps vs. measurements without gaps. The relevant agreements from RAN4#104-e are shown below [1].
Issue 1-2-6: Applicability of PRS measurements without gaps under gap configuration/activation
Agreements:
· For PRS measurement outside MG, the measurement requirements apply provided that no MG is activated during the measurement period. 
· Where MG includes pre-configured gap for positioning and any other measurement gaps used for positioning.
FFS PRS measurement within gap
No agreement: candidate options on measurement within gap:
· Proposal 1: QC
· 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.
· Proposal 2: HW
· RAN4 to define requirements for the scenario where one group of PFLs are measured outside MG while another group of PFLs are measured with MG: the total measurement delay is defined as the sum of measurement delays of each group
Issue 1-2-7: Collision between PPW and gap
Agreements:
· PRS measurement requirements apply provided that the PPW occasions do not overlap with measurement gaps.



The first agreement (issue 1-2-6) implies that requirements for PRS measurements without MG do not apply when a MG is configured/activated for positioning measurements. The second agreement (issue 1-2-7) states that PRS measurement requirements apply provided PPW occasions and measurement gaps do not overlap. In that case, since both a PPW and a MG are active at the same time, the applicable requirements must be those for measurements within MG, according to the agreement in issue 1-2-6. In our view, the same prioritization can be extended to cases where MG and PPW overlap. i.e. measurement gaps should be prioritized.
Proposal 5: If the network configures/activates measurement gaps applicable for positioning measurements and activates PPWs simultaneously 
· Measurement requirements within measurement gaps apply, regardless of whether the measurement gaps overlap with PPWs.
· Measurement period requirement for measurements with gaps applies.

Positioning measurements in RRC_INACTIVE
 PRS measurement window
Another open issue for positioning in RRC_INACTIVE is whether to introduce an applicability condition based on measurement windows. The WF from RAN4#104-e is shown below [4].
Issue 1-2-2 PRS measurement window in RRC_INACTIVE state
Way forward:
· Requirements for PRS measurement in INACTIVE apply provided that all PRS resources within a PFL are configured within up to [2] separate windows within [Tavailable], where each window is up to [5 or 10] ms.
· FFS on the location of windows.
· FFS on whether there is impact on signalling

The WF suggests that requirements would apply when “all PRS resources within a PFL are configured within up to [2] separate windows within [Tavailable].” However, by definition  whereas the PRS configuration is generally independent of the DRX cycle length . 
It should be clarified in the WF whether all PRS resources occurring within a time period  need to be confined to at most two separate windows within that period. E.g. let’s say  ms,  s and all PRS resources fit within a single window of 10 ms within . Then  s and there would be at least 8 windows containing PRS resources within . In this example, there would be multiple PRS occasions within each  time period but the UE would not be required to measure all of them (only one occasion is counted in ) . We understand that requirements should still apply in that case but it’s not clear based on the current wording of the WF. The wording should be clarified by replacing Tavailable with TPRS.
Regarding the two FFS bullet points in the WF, our view is that no additional restrictions on the location of the windows is needed. Likewise, no additional signaling needs to be introduced to configure measurement windows. Requirements would apply so long as the DL-PRS assistance data fulfils the applicability condition.
Proposal 6: 
· Requirements for PRS measurements in RRC_INACTIVE apply provided that all PRS resources in a PFL are configured within up to [2] separate windows within TPRS, where the length of each window is up to [10] ms.
· No additional restrictions on the location of the windows.
· No network signaling is needed to configure the windows.
 PRS collisions with PDSCH
RAN4 has been discussing the issue of how to resolve collisions between PRS and dynamically-scheduled DL signals/channels in inactive state. The status of the discussion after RAN4#104-e is captured below [4].
Issue 1-2-1 PRS collision with PDSCH in RRC_INACTIVE state
Way forward:
· Option 1: (CMCC, Huawei)
· For PRS collision with PDSCH in RRC inactive state, in order not to miss paging, UE shall wait for receiving the PDSCH symbols other than retuning to PRS resources even the DCI is too close to the PRS symbols, 
· and the PRS measurement period can be extended when there is collision with PDSCH
· Option 2: (Qualcomm)
· When the UE is performing positioning measurements in inactive state, if the UE determines that other higher priority DL signals/channels collide with PRS (as defined previously by RAN4) later than [N symbol/T ms] before the collision starts, the UE is not required to receive the other higher priority DL signals/channels and may receive the PRS resources (RAN1 conclusion)

 Option 1 proposes to drop any PRS that is “too close” to a PDCCH monitoring occasion. The definition of “too close” is not provided in Option 1 but presumably it could mean that PDCCH could be as close to PRS as possible without causing a collision (as defined previously by RAN4). If so, when the PDCCH monitoring occasion is very close to PRS, the UE would have to decide very quickly whether there is a collision between PRS and a PDSCH scheduled by DCI received in that PDCCH monitoring occasion.
Although we agree with option1 that paging should be prioritized, we would like to propose an alternate solution. First, option 1 suggests that a PRS that is “too close” to PDCCH should be dropped always even though there is no collision with PDCCH according to the current RAN4 definition of collision. Another issue is that “too close” is not well defined in option 1.
Both issues above can be addressed if collisions between PDCCH and PRS in inactive state are redefined as shown in Figure 1 and Figure 2.  By extending the collision region (shaded red) to the right by N symbols it can be clarified that a PDCCH that is closer than N symbols actually collides with PRS. Therefore, PRS should be dropped regardless of whether there is a DCI. N should be chosen so that the UE has enough time if there would be another collision with PDSCH scheduled via DCI.



[bookmark: _Ref118025626]Figure 1: Collision between PDCCH and PRS within initial BWP in inactive state


[bookmark: _Ref118718553]Figure 2: Collision between PDCCH and PRS outside initial BWP in inactive state
Proposal 7:
· In inactive state, if the UE is configured to receive PDCCH on any symbol that ends closer than N symbols before the start of a collision with a PRS resource (as defined previously by RAN4), the UE is expected to drop the PRS resource.
· Set N = N2 based on the downlink subcarrier spacing  of the initial BWP, where N2 is given by TS 38.211, Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2, respectively. 

Simulation results for PRS-RSRPP accuracy in FR2
In this section we provide results of PRS-RSRPP measurement accuracy in FR2 according to the agreed simulation assumptions [6].
Simulated accuracy for the two-tap channel model (38.101-4 Annex B.2.4) with parameters a = 1,  µs and  Hz is shown in the tables below for FR2 with SCS = 60 kHz and 120 kHz. The reported accuracy does not include RF impairment margin.

	FR
	PRS BW (PRBs)
	SCS (kHz)
	sample rate(Tc)
	Num. samples
	Num. repetitions
	Accuracy [5%, 95%] (dB)

	
	
	
	
	
	
	SINR = -3 dB
	SINR = -6 dB
	SINR = -13 dB

	FR2
	24
	60
	64
	1
	1
	±1.6
	±1.6
	±3.3

	
	
	
	
	4
	1
	±0.8
	±0.8
	±2.3

	
	64
	
	32
	1
	1
	±0.8
	±1.6
	±2.5

	
	
	
	
	4
	1
	±0.7
	±1.6
	±1.8

	
	132
	
	16
	1
	1
	±0.8
	±0.8
	±1.8

	
	
	
	
	4
	1
	±0.8
	±0.8
	±1.4


[bookmark: _Ref118621191]Table 1: PRS-RSRPP simulation results for FR2, SCS = 60 kHz, 2-tap channel.


	FR
	PRS BW (PRBs)
	SCS (kHz)
	sample rate(Tc)
	Num. samples
	Num. repetitions
	Accuracy [5%, 95%] (dB)

	
	
	
	
	
	
	SINR = -3 dB
	SINR = -6 dB
	SINR = -13 dB

	FR2
	32
	120
	32
	1
	1
	±1.6
	±1.6
	±2.7

	
	
	
	
	4
	1
	±1.5
	±1.6
	±2.5

	
	64
	
	16
	1
	1
	±1.3
	±1.4
	±1.9

	
	
	
	
	4
	1
	±1.3
	±1.4
	±1.6

	
	128
	
	8
	1
	1
	±1.3
	±1.4
	±1.5

	
	
	
	
	4
	1
	±1.3
	±1.4
	±1.4


[bookmark: _Ref118621194]Table 2: PRS-RSRPP simulation results for FR2, SCS = 120 kHz, 2-tap channel.



Conclusions
Proposals/observations for NCSG:
Observation 1: Non-DRX may be considered for inter-RAT LTE measurement without gap when UE indicate nogap-noncsg via NeedForNCSG-InfroEUTRAN.
Observation 2: Gapless measurement may require higher power consumption from implementing RF tune/programming procedure to achieve zero interruption.
Observation 3: To prioritize achieving throughput gain with reasonable power consumption, longer measurement delay based on NCSG gap pattern #1 is suitable under non-DRX.
Proposal 1: For inter-RAT LTE measurement without gap requirements under non-DRX, Tinter1 = 30ms based on NCSG gap pattern #1 is used for .

Proposals for NR_pos_enh:
Proposal 2:
· If the UE that supports M-sample positioning measurements (FG 27-3-1 and/or FG 14-2) 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 3: When the UE is configured to measure multiple PFLs without measurement gaps,
· If multiple PFLs overlap in time/frequency with an activated PPW, no measurement requirements apply. It is up to UE implementation which PFL is measured within the PPW.
· If each PFL overlaps with exactly one activated PPW and 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.
· The formula for the measurement period can be: max(Tmeas, i) + max(PPWRPi)
· Otherwise, the measurement period requirement is based on the sum-approach as for measurements within gap.
Proposal 4: In the RAN4 agreement on scheduling restriction associated with PRS measurements within PPW, set N = N2 based on the subcarrier spacing of DL-PRS, where N2 is given by TS 38.211, Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2, respectively. 
Proposal 5: If the network configures/activates measurement gaps applicable for positioning measurements and activates PPWs simultaneously 
· Measurement requirements within measurement gaps apply, regardless of whether the measurement gaps overlap with PPWs.
· Measurement period requirement for measurements with gaps applies.
(continued)

Proposal 6: 
· Requirements for PRS measurements in RRC_INACTIVE apply provided that all PRS resources in a PFL are configured within up to [2] separate windows within TPRS, where the length of each window is up to [10] ms.
· No additional restrictions on the location of the windows.
· No network signaling is needed to configure the windows.
Proposal 7:
· In inactive state, if the UE is configured to receive PDCCH on any symbol that ends closer than N symbols before the start of a collision with a PRS resource (as defined previously by RAN4), the UE is expected to drop the PRS resource.
· Set N = N2 based on the downlink subcarrier spacing  of the initial BWP, where N2 is given by TS 38.211, Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2, respectively. 

Simulation results for PRS-RSRPP accuracy in FR2-2 provided in Table 1 and Table 2.
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