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Introduction
The revised WID for NR positioning enhancement [1] was approved in the RAN#91-e meeting.  One of the objectives is to discuss the latency reduction of positioning measurement.

	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]


In the RAN4#101-e meeting, the latency reduction of positioning measurement was discussed and some agreements were captured in [2]. There are several issues to be further discussed:

· Number of measurement samples for latency reduction
· Rx beam sweeping factor
· Measurement gaps
· Gapless PRS measurement
· MG enhancement feature
In this contribution, we will provide our further discussion on the remaining issues regarding latency reduction of positioning measurement.
[bookmark: OLE_LINK5]Discussion
Number of measurement samples excluding sample for AGC
In the last meeting, the agreements related to number of measurement samples were captured as follows:
	· Agreements:
· Number of samples w/o AGC: M1 = 1
· FFS how to address the cases M1 = 2, 3
· PRS Ês/Iot (dB): FFS
· Option 1: Reuse Rel-16 side conditions
· Option 2: Higher side conditions
· Option 2A: [0; -6] dB
· Propagation conditions: FFS
· Option 1: Reuse Rel-16 conditions
· Option 2: LOS TDL-D, DS = 30ns, Doppler = 5 Hz
· PRS BW: FFS
· Option 1: Reuse Rel-16
· Option 2: Subset of Rel-16 PRS BW
· PRS repetition: FFS
· Number of samples and associated parameters are determined based on link simulations:
· The above input parameters are used in link simulation assumptions in R4-2120330.



In the meeting, we perform the simulation based on the link simulation assumptions in R4-2120330. And based on the simulation results [3], the observations are copied as follows:
	Observation 1: For AWGN channel, the difference of UE Rx-Tx time difference between 1 sample or 2 samples and 4 samples can be guaranteed within 30Tc for most cases when the side condition is -3dB or -6dB.
Observation 2: For TDL-A and TDL-C channel, the difference of UE Rx-Tx time difference between 1 sample or 2 samples and 4 samples can be guaranteed within 30Tc except some small PRS RBs (e.g., 24RBs) when the side condition is -3dB or -6dB.
Observation 3: For TDL-D channel, whether in FR1 or FR2, the UE Rx-Tx time difference measurement accuracy is similar to that of AWGN channel.
Observation 4: For AWGN channel, the PRS RSTD between 1 sample or 2 samples and 4 samples can be guaranteed within 15Tc except the case of 24RBs when the side condition is (-3, -6) dB.
Observation 5: For TDL-A channel and TDL-C channel, the PRS RSTD between 1 sample or 2 samples and 4 samples can be guaranteed within 30Tc except the case of 24RBs when the side condition is (-3, -6) dB.
Observation 6 For TDL-D channel, whether in FR1 or FR2, RSTD measurement accuracy is slightly worse than that of AWGN channel under the most cases.
Observation 7: For AWGN channel, the PRS-RSRP measurement accuracy is not sensitive to side condition and sample numbers in all cases.
Observation 8: For Fading channel, the PRS-RSRP measurement accuracy of 1 sample is slightly worse than that of 2 samples and 4 samples in most cases.



As agreed in the last meeting, there are several factors to impact the measurement accuracy:
· Number of PRS samples w/o AGC
· PRS RB
· SNR condition
· Channel models
For number of PRS samples w/o AGC, from the perspective of latency reduction, we propose 1 sample is feasible to perform PRS measurement. For PRS RB, from the simulation results, we can see that in the case of 24RBs, 15kHz and -6dB, 1 sample has a significant reduction in measurement accuracy compared with 4 samples. Therefore, we propose the PRS RB may need to consider no less than 48.
As for SNR conditions, the minimum is -13dB in the current requirements. From the simulation results in the [4], it can be observed that when the side condition is -13dB, whether the sample number is 1 or 2, the measurement accuracy has a significant reduction for Fading Channel. And from the above observations, for the side condition of -3dB or -6dB, the UE Rx-Tx time difference can be guaranteed within a reasonable value when the sample number is 1. So we recommend that the higher SNR may need to be considered (e.g., -6dB) for latency reduction.
As for channel model, from the observation 3, for TDL-D channel, the UE Rx-Tx time difference measurement accuracy is similar to that of AWGN channel. However, in our opinion, in the practical case, most of them belong to NLOS channel model. So we understand that it may be not reasonable to define the sample number based on the LOS channel model. We propose to reuse the Rel-16 channel model for R17 positioning measurement.
Proposal 1: The PRS RB for R17 positioning measurement should be considered no less than 48.
Proposal 2: The higher side condition should be considered (e.g., -6dB) for R17 positioning measurement compared with R16.
Proposal 3: The channel model for R16 should be reused in R17 positioning measurement.
AGC
Another issue is to discuss in what case, the additional samples for AGC for PRS measurement are not required. The conclusions in the last meeting were captured as follows:
	· Agreements
· Additional samples for AGC for PRS measurements are not required in case at least one of the following conditions is met
· Condition #1: 
· 1A) PRS bandwidth is within the active BWP and 
· FFS: 1B) Certain power difference between serving and neighbor cell signal power is maintained
· Option 1: Target PRS Es/Iot side condition is ≥ -6dB
· Option 2: Difference between serving and neighboring cell Es/Iot is within X dB
· FFS: Additional conditions 2-3 under which AGC is not needed are:
· Condition 2: QC, CMCC
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Condition 2a (QC):
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain
· Condition 3: QC, CATT
· Based on PRS configuration parameters:
· Condition 3a: QC, OPPO
· PRS resource repetitions (in different slots) within one PRS instance. Number of repetitions is FFS
· Condition 3b: CATT
· For the PRS measurement with small periodicity or the PRS measurement with resources having multiple PRS symbols in one sample or for the UE which have higher processing capability



For Condition 1, we think Option 1 in Option 1B is more reasonable. If the side condition of Es/Iot ≥ -6dB is agreeable for latency reduction, there is no need to consider AGC anymore when PRS bandwidth is within the active BWP. 
Proposal 4: For Condition 1, Option 1 (e.g., Target PRS Es/Iot side condition is ≥ -6dB) in Option 1B is recommendable.
As for Condition 2-3, we think there may be some issues. For Condition 2a, when UE is provided with the QCL information of the PRS which may be configured to be ‘QCL-Type-C’ or/and ‘QCL-Type-D’ with a SSB from the serving cell or non-serving cell, as we mentioned in the section 2.3, the Rx-beam sweeping may be not needed any more. However, the additional sample for AGC for is stilled needed. The details related to the QCL-Info is specified in 38.214 as follows:
	[bookmark: _Hlk500800106][bookmark: _Hlk500784100]The quasi co-location types corresponding to each DL RS are given by the higher layer parameter qcl-Type in QCL-Info and may take one of the following values:
-	'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread}
-	'QCL-TypeB': {Doppler shift, Doppler spread}
-	'QCL-TypeC': {Doppler shift, average delay}
-	'QCL-TypeD': {Spatial Rx parameter}



It can be observed that the power information for SSB may be reused for PRS if UE is provided with the QCL-Type D information of the PRS. UE may not need additional samples to adjust AGC. Therefore, we propose that the additional sample for AGC is not needed when UE is provided with the QCL-Type D information of the PRS.
Observation 1: The power information for SSB may be reused for PRS if UE is provided with the QCL-Type D information of the PRS.
Proposal 5: The additional sample for AGC is not needed when UE is provided with the QCL-Type D information of the PRS.
For condition 3b, we understand based on UE capabilities, the AGC setting may be implemented at the symbol level instead of the sample level. However, from the perspective of positioning, the symbols which are used to adjust AGC may be not used for positioning measurement. Therefore, the positioning accuracy may be affected. We suggest that the additional sample for AGC is stilled needed even the AGC setting can be implemented at the symbol level for condition 3b.
Observation 2: The symbols which are used to adjust AGC may be not used for positioning measurement and the positioning accuracy may be affected.
Proposal 6: The additional sample for AGC is stilled needed even the AGC setting can be implemented at the symbol level for condition 3b.
Rx beam sweeping factor
A LS [5] was sent form RAN1 to RAN4 regarding to lower Rx beam sweeping factor for latency improvement.
	1. Overall Description:
RAN1#106b-e reached the following agreement on lower Rx beam sweeping factor for the purpose of PRS measurement latency reduction for FR2 positioning frequency layers.

	Agreement:
Introduce a new UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers.
· Send an LS to RAN4 to confirm.




2. Actions:
To RAN4
ACTION: 	RAN1 respectfully requests RAN4 to take above agreement into account in their future work and to confirm if the feature can be supported by RAN4 in Rel-17.

3. Date of Next TSG-RAN WG1 Meetings:
TSG-RAN WG1 Meeting #107bis-e	17 – 25 January 2022	E-Meeting
TSG-RAN WG1 Meeting #108-e	21 February – 03 March 2022	E-Meeting




In the RAN4 #101e meeting, the following conclusions for Reducing Rx beam sweeping factor were reached [2].
	Reducing Rx beam sweeping factor
· Introduce a new UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers under certain conditions. Conditions are FFS.
· FFS: Options for conditions:
· Condition 1:
· RX beam sweeping is reduced if UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Other conditions not precluded



In our understanding, RAN1 has agreed to introduce a new UE capability on reducing Rx beam sweeping factor. RAN4 need to study that what new UE capability can achieve the goal of reducing the beam sweeping factor without affecting the existing positioning measurement accuracy. However, for condition 1, even for UE without new capabilities, if the UE is provided with the QCL information, the Rx beam sweeping factor can be reduced. In other words, condition 1 is not relevant to new UE capability. The details related to dl-PRS-QCL-Info are captured in 37.355 and 38.214 as follows:
	dl-PRS-QCL-Info
This field specifies the QCL indication with other DL reference signals for serving and neighbouring cells and comprises the following subfields:
-	ssb indicates the SSB information for QCL source and comprises the following sub-fields:
-	pci specifies the physical cell ID of the cell with the SSB that is configured as the source reference signal for the DL-PRS. The UE obtains the SSB configuration for the SSB configured as source reference signal for the DL-PRS by indexing to the field nr-SSB-Config with this physical cell identity.
-	ssb-Index indicates the index for the SSB configured as the source reference signal for the DL-PRS.
-	rs-Type indicates the QCL type.
-	dl-PRS indicates the PRS information for QCL source reference signal and comprises the followings sub-fields:
-	qcl-DL-PRS-ResourceID specifies DL-PRS Resource ID of the DL-PRS resource used as the source reference signal.
-	qcl-DL-PRS-ResourceSetID indicates the DL-PRS Resource Set ID of the DL-PRS Resource Set used as the source reference signal.
dl-PRS-QCL-Info-r16 defines any quasi-colocation information of the DL PRS resource with other reference signals. The DL PRS may be configured to be 'QCL-Type-D' with a DL PRS or SS/PBCH Block from a serving cell or a non-serving cell. The DL PRS may be configured to be 'QCL-Type-C' with a SS/PBCH Block from a serving or non-serving cell. If the DL PRS is configured as both 'QCL-Type-C' and 'QCL-Type-D' with a SS/PBCH Block then the SSB index indicated should be the same.



It can be observed that if the DL PRS is configured as both 'QCL-Type-C' and 'QCL-Type-D' with a SS/PBCH Block, the SSB index of PRS and SSB for a serving cell or a non-serving cell is the same. That is, if QCL information of a PRS is associated to serving cell SSB, no Rx beam sweeping is needed at all. In addition, if QCL information of a PRS is associated to neighbour cell SSB and the neighbour cell has been searched/measured by UE before, the Rx beam sweeping is also not needed. Therefore, we propose the Rx beam sweeping factor can be reduced from 8 to 1 for FR2 positioning frequency layers if QCL information of PRS is configured with a SS/PBCH Block when the neighbour cell is known to UE.
Observation 3: For condition 1, even for UE without new capabilities, if QCL information of PRS is configured with a SS/PBCH Block for FR2, the Rx beam sweeping may be not needed when the neighbour cell is known to UE.
Proposal 7: Condition 1 is not relevant to new UE capability. 
Proposal 8: The Rx beam sweeping factor can be reduced from 8 to 1 for FR2 positioning frequency layers if QCL information of PRS is configured with a SS/PBCH Block when the neighbour cell is known to UE.
If UE is not provided with QCL information of the PRS, a new UE capability needs to be introduced to reduce the PRS positioning latency. In the existing requirements, in order to guarantee the spherical coverage of the UE, 8 Rx beams are needed. In our understanding, the introduction of new UE capabilities would not negatively affect the current positioning accuracy. Therefore, the scanned Rx beams cannot be reduced. However, if the UE is able to scan two beam directions at the same time, the Rx beam sweeping factor can be reduced from 8 to 4. We understand this depends on UE implementation. We propose to introduce a new UE capability which is able to scan two beam directions simultaneously to reduce the PRS positioning latency.
Observation 4: The introduction of new UE capabilities would not negatively affect the current positioning accuracy and the scanned Rx beams (e.g., 8) cannot be reduced.
Observation 5: If the UE is able to scan two beam directions at the same time, the Rx beam sweeping factor can be reduced from 8 to 4.
Proposal 9: A new UE capability which is able to scan two beam directions simultaneously need to be introduced to reduce the PRS positioning latency and the Rx beam sweeping factor can be reduced from 8 to 4.
Based on the above analyse, we replied the draft LS to RAN1 in the Appendix.
[bookmark: _Hlk85011555]Gapless PRS measurement
In the RAN1 107 meeting, RAN1 further studied the gapless PRS measurement and the following agreements were copied:
	Agreement
The following options are supported subject to UE capability for priority handling of PRS when PRS measurement is outside MG.
0. Option 1: UE may indicate support of two priority states.
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
0. State 2: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
0. Option 2: UE may indicate support of three priority states
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
0. State 2: PRS is lower priority than PDCCH and URLLC PDSCH and higher priority than other PDSCH/CSI-RS
0. Note: The URLLC channel corresponds a dynamically scheduled PDSCH whose PUCCH resource for carrying ACK/NAK is marked as high-priority.
0. State 3: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
0. Option 3: UE may indicate support of single priority state
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
Note: SSB is a separate issue.
Agreement
For the purpose of determining conditions for measuring the PRS outside of a MG, the expected Rx timing difference between the PRS from the non-serving cell and that from the serving cell is determined by expected RSTD and expected RSTD uncertainty in the assistance data.
Send an LS to request RAN4 study and determine the threshold, which is used to be compared against with the Rx timing difference to determine whether the PRS from the non-serving cell satisfy the condition of PRS measurement outside MG.
0. Examples for the threshold: CP length, 50% of the OFDM symbol, 1ms
0. Other options can also be considered by RAN4
0. Note: the requirement on whether UE needs to calculate the expected Rx time difference and/or compare against the threshold is also a part of the study request
 
Agreement
At least the following parameters for PRS processing window from the gNB to the UE are supported.
0. Starting slot
0. Periodicity
0. Duration/length
0. Cell and SCS information associated with the above parameters
Discuss during the maintenance phase on the necessity of other parameters including but not limited to
0. Processing type (associated with the corresponding UE capability 1A/1B/2)
0. Band/CC-ID as needed depending on each scenario on which the PRS processing window is applied
0. The above cell and SCS information to determine where/when the PRS processing window is applied
Note: Indication of processing type does not suggest UE indication of multiple capabilities among (1A/1B/2) is already supported, which is a separate discussion.
Note: Some of the parameters above may not be mandatory for a PRS processing window
Agreement
The priority of PRS for UE supporting two priority states and three priority states can at least be indicated in RRC.
Agreement
0. For capability 1A as per working assumption made in RAN1#106-e, the DL signalings/channels in a per UE fashion (i.e. both across NR & LTE) inside the PRS processing window are dropped if the DL PRS is determined to be higher priority.
0. For capability 1B as per working assumption made in RAN1#106-e, only the DL signalings/channels from a certain band inside the PRS processing window are dropped if the DL PRS is determined to be higher priority.
0.  
	Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
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. 
FFS: band or CC
Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window 
A UE shall be able to declare a PRS processing capability outside MG. 
FFS: Details of capability signalling (e.g., per UE or per band, etc.)



Agreement
PRS processing window request to the gNB by the LMF is supported from RAN1 perspective.
0. It is up to RAN3 to design the necessary information to be transferred in the NRPPa message.
0. Note: It is up to gNB to determine the usage of measurement gap or PRS processing window
0. Include it in the LS to RAN2 and RAN3.
 
Agreement
For PRS processing window configuration and indication, at least the following mechanism is supported
0. RRC (pre-)configuration for PRS processing window configuration and DL MAC CE activation for PRS processing window, respectively.
Include it in the LS to RAN2 and request RAN2 to decide whether DL MAC CE is feasible for this indication.



In the last meeting, the issue related to the gapless PRS measurement was discussed. The conclusions as follows were reached:
	Work needed for PRS measurements without gaps
· MGRP is not needed in the PRS measurement period. 
· Following list of potential additional parameters/aspects in the PRS measurement requirements for gapless measurements are for further studies:
	No.
	Parameters/issues

	1
	 

	2
	

	3
	 

	4
	Applicable number of PFLs

	5
	Applicable number of samples

	6
	Approach on the calculation of multiple positioning frequency layers

	7
	PRS processing window

	8
	Requirement applicability

	9
	CSSF outside MG






It can be observed that the details of gapless PRS measurement are still under discussion in RAN1, including the priority of PRS in the PRS processing window and the starting slot, periodicity and duration/length of PRS processing window. Based on the different states, the priority of PRS and other signals is also different. In addition, we notice that there are many DL signals including measurement reference signals (SSB or CSI-RS) and RLM reference signals (SSB or CSI-RS) which are not within the scope of RAN1 discussion. From RAN4 respective, RLM, BFD and L1/L3 measurement is very critical for UE. So we suggest that RLM, BFD and L1/L3 measurement is higher priority than PRS measurement which has less impact on 38.133.
Proposal 10: RLM, BFD and L1/L3 measurement is higher priority than PRS measurement.
As for , the specific value of the starting slot, periodicity and duration of PRS processing window is not clear yet. In our view, the measurement gap can be used as a reference for the design of PRS processing window. So we propose that  should be defined as the least common multiple between  and the periodicity of PRS processing window.
Proposal 11:  is defined as the least common multiple between  and the periodicity of PRS processing window.
For , in our understanding, the existing definition may be reused for gapless PRS measurement. For sample numbers, we suggest 4 samples can be used as baseline until there is clear conclusions for reduced PRS sample for latency reduction. 
Proposal 12: The existing definition of  is reused for gapless PRS measurement, e.g.,  =  .
Proposal 13: For sample numbers of gapless PRS measurement, 4 samples can be used as baseline until there is clear conclusions for reduced PRS sample for latency reduction.
Per-FR MG for PRS measurement
Another issue is whether RAN4 to define support of per-FR MG for PRS measurement. In the Rel-16, only per-UE MG for PRS measurement is supported. In our opinion, similar to RRM measurement, it is also feasible for UE to use per-FR MG to perform PRS measurement. And then UE can perform Tx/Rx data transmission in a different FR when the PRS measurement is performed.
Proposal 14: Per-FR MG for PRS measurement can be supported.
Conclusion
Proposal 1: The PRS RB for R17 positioning measurement should be considered no less than 48.
Proposal 2: The higher side condition should be considered (e.g., -6dB) for R17 positioning measurement compared with R16.
Proposal 3: The channel model for R16 should be reused in R17 positioning measurement.
Proposal 4: For Condition 1, Option 1 (e.g., Target PRS Es/Iot side condition is ≥ -6dB) in Option 1B is recommendable.
Observation 1: The power information for SSB may be reused for PRS if UE is provided with the QCL-Type D information of the PRS.
Proposal 5: The additional sample for AGC is not needed when UE is provided with the QCL-Type D information of the PRS.
Observation 2: The symbols which are used to adjust AGC may be not used for positioning measurement and the positioning accuracy may be affected.
Proposal 6: The additional sample for AGC is stilled needed even the AGC setting can be implemented at the symbol level for condition 3b.
Observation 3: For condition 1, even for UE without new capabilities, if QCL information of PRS is configured with a SS/PBCH Block for FR2, the Rx beam sweeping may be not needed when the neighbour cell is known to UE.
Proposal 7: Condition 1 is not relevant to new UE capability. 
Proposal 8: The Rx beam sweeping factor can be reduced from 8 to 1 for FR2 positioning frequency layers if QCL information of PRS is configured with a SS/PBCH Block when the neighbour cell is known to UE.
Observation 4: The introduction of new UE capabilities would not negatively affect the current positioning accuracy and the scanned Rx beams (e.g., 8) cannot be reduced.
Observation 5: If the UE is able to scan two beam directions at the same time, the Rx beam sweeping factor can be reduced from 8 to 4.
Proposal 9: A new UE capability which is able to scan two beam directions simultaneously need to be introduced to reduce the PRS positioning latency and the Rx beam sweeping factor can be reduced from 8 to 4.
Proposal 10: RLM, BFD and L1/L3 measurement is higher priority than PRS measurement.
Proposal 11:  is defined as the least common multiple between  and the periodicity of PRS processing window.
Proposal 12: The existing definition of  is reused for gapless PRS measurement, e.g.,  =  .
Proposal 13: For sample numbers of gapless PRS measurement, 4 samples can be used as baseline until there is clear conclusions for reduced PRS sample for latency reduction.
Proposal 14: Per-FR MG for PRS measurement can be supported
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1. Overall Description: 
RAN4 thanks RAN1 for the LS on “lower Rx beam sweeping factor for latency improvement” and has reviewed the agreements made in RAN1. RAN4 concludes that
· The Rx beam sweeping factor can be reduced from 8 to 1 for FR2 positioning frequency layers if QCL information of PRS is configured with a SS/PBCH Block when the neighbour cell is known to UE.
· A new UE capability which is able to scan two beam directions simultaneously need to be introduced to reduce the PRS positioning latency and the Rx beam sweeping factor can be reduced from 8 to 4.
2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly asks RAN1 to take the above information into account in the further specification work.

3. References:
4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #101-e		February 21 – March 3, 2022				Electronic Meeting
3GPP
