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Introduction
During RAN4 #101-e meeting, several methods to reduce the positioning measurement latency were discussed and some initial conclusions were achieved [1]. This paper will provide our considerations and proposals on latency reduction of positioning measurements.
Discussion
Reduced PRS samples 
	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 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


Last meeting discussed the conditions to reduce ACG samples and the above conclusions were reached. Between the two options for Es/Iot conditions in 1B, option 2 is more stringent and can be supported from our perspective. Typically serving cells can achieve higher Es/Iot side condition like -3dB, which means option 1 can also be met by option 2 with small power difference X. Moreover, UE does not need to tune the Rx power amplifier in option 2 and it would be helpful to maintain the positioning performance without AGC samples.
Proposal 1: For the condition 1B to reduce ACG samples, support option 2: Difference between serving and neighboring cell Es/Iot is within X dB.
In addition, at least condition 3 can be supported. Our proposal in the last meeting is to perform AGC by multiple PRS repetitions or symbols. But we are open to further discuss other PRS configuration parameters. For the QCL information in condition 2 and 2a, we are not clear about UE behaviour when multiple PRS resources associated with different QCL information are FDMed in the same symbol. Even with QCL information, UE may need to process different QCLed PRS resources in sequential and AGC tuning is required. 
Proposal 2: Further study condition 3: reduce AGC sample based on PRS configuration parameters.
	Agreement [RAN4]:
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
Agreement [RAN1]:
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.


RAN1 discussed the new UE capability on lower Rx beam sweeping factor and sent a LS [2] asking for the confirmation in RAN4. Since a similar conclusion was reached during the last meeting, we think RAN4 can confirm this new UE capability. For the additional conditions such as QCL information, we do not think it is necessary. For example, a UE may be equipped with two independent Rx panels so that it can search two Rx beams in parallel. 
Proposal 3: Confirm to introduce a new UE capability on lower Rx beam sweeping factor and no additional conditions is needed.  
PRS measurements outside gaps
	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





This section will give our considerations on some parameters to calculate PRS measurement period outside gap.
·  represents the available time interval of PRS within MG. For gapless based measurement, MG is not considered and instead PRS processing window will be configured. Intuitively, MGRP could be replaced by the periodicity of PRS processing window. 
·  represents the available PRS length to be measured. In Rel-16, only PRS resources unmuted and overlapped within MG are considered. Similarly, only PRS resources unmuted and overlapped within PRS processing window should be considered in Rel-17. The calculation method can be up to RAN1 discussion.  
·  represents the effective time interval considering PRS processing capability of UE. But Rel-16 PRS processing capability is defined for gap based measurement and new capability is expected for outside gap measurement. If the form of PRS processing capability outside gap is the same as the legacy {N, T}, then Rel-16 method could be reused. 
· Number of samples: Based on RAN1 agreements, PRS resource inside active DL BWP and configured with the same numerology as active DL BWP can be measured outside MG. The restriction is aligned with intra-frequency measurement layer. For SSB or CSI-RS based measurement, the samples for intra-frequency measurement are less than that for inter-frequency MG based measurement due to AGC. So we think PRS samples for outside gap could be reduced to 3 assuming the 1 PRS sample for AGC is not necessary. 
· PRS processing window: The impacts of PRS processing window are reflected on  ,   and . RAN4 can further study how to modify these parameter once further conclusions from RAN1 are reached.
· CSSF outside MG: We agree to take PRS measurement into account of CSSF outside MG as defined in clause 9.1.5.1 of TS 38.133. 
In summary, the following proposal is given. 
Proposal 4: For PRS measurements outside gap:
·  : MGRP could be replaced by the periodicity of PRS processing window. 
·  : only PRS resources unmuted and overlapped within PRS processing window should be considered in Rel-17. The calculation method can be up to RAN1 discussion.  
·  : reuse Rel-16 method by considering PRS processing capability outside gap. 
· Number of samples: PRS samples for outside gap could be reduced to 3 assuming the 1 PRS sample for AGC can be reduced. 
· PRS processing window: The impacts of PRS processing window are reflected on  ,   and . RAN4 can further study how to modify these parameter once further conclusions from RAN1 are reached.
· CSSF outside MG: agree to take PRS measurement into account of CSSF outside MG as defined in clause 9.1.5.1 of TS 38.133. 
	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.
· Examples for the threshold: CP length, 50% of the OFDM symbol, 1ms
· Other options can also be considered by RAN4
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


Another condition for measuring PRS outside MG is the timing difference between PRS from the non-serving cell and that from the serving cell. In the LS [3], RAN1 asked RAN4 to study and determine the threshold. For PRS resource with comb-N structure in the frequency domain, N peaks will be observed during OFDM symbol after correlation at UE side, as shown in figure below. If single FFT window is assumed for serving cell data reception and PRS detection, the ToA will be ambiguous when Rx timing difference exceeds [OFDM symbol / N]. To be on the safe side, we think CP length can be considered as the threshold for Rx timing difference between the PRS from the non-serving cell and that from the serving cell.
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Figure-1, Correlation for comb-4 PRS resource
Proposal 5: Consider CP length as the threshold for Rx timing difference between the PRS from the non-serving cell and that from the serving cell. 
Optimization of PRS measurement within gap
	[bookmark: _Hlk87477133]Optimization of PRS measurements with gaps
· FFS: Options for optimization of PRS measurements with gaps
· Option 1: QC
· For a low-latency PFL i with ,  and , set  in the measurement period requirement if all the PRS resources in  are contained within a single measurement gap instance.
· Option 2: OPPO
· Discuss the following rules to achieve the alignment among PRS configuration, MG configuration and UE processing capability
· The time offset difference between PRS resources in the same positioning frequency layer should be small so that all PRS resources could be covered by MGL.
· The periodicity of PRS resources and MG should be configured as the same value, and they should be very close to, but no shorter than the UE capability T. 
· The time duration of available PRS in the positioning frequency layer i should be no larger than the UE capability . 
· The number of PRS resources in each slot in the positioning frequency layer i should be no larger than the UE capability . 
· Option 3: HW
· Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe.


Among the candidate options above, we prefer option 2 as discussed in our previous contribution [4]. But we are not opposite to option 1 and option 3 since they are kind of aligned. With the restrictions for PRS, MG configuration and UE capability in option 2,  in option 1 and Tlast = T+MGL in option 3 can be achieved. In our view, option 1 and option 3 are the optimization targets and option 2 is one method to achieve them. We can compromise to use option 1 as the starting point and further discuss how to achieve it by reasonable PRS/MG configuration as suggested by option 2.
Proposal 6: Use option 1 as the starting point and further discuss how to achieve it by reasonable PRS and MG configuration as suggested by option 2. 
Conclusion
In this contribution, our views on the latency reduction for positioning measurements and the following proposals are given.
Proposal 1: For the condition 1B to reduce ACG samples, support option 2: Difference between serving and neighboring cell Es/Iot is within X dB.
Proposal 2: Further study condition 3: reduce AGC sample based on PRS configuration parameters.
Proposal 3: Confirm to introduce a new UE capability on lower Rx beam sweeping factor and no additional conditions is needed.
Proposal 4: For PRS measurements outside gap:
·  : MGRP could be replaced by the periodicity of PRS processing window. 
·  : only PRS resources unmuted and overlapped within PRS processing window should be considered in Rel-17. The calculation method can be up to RAN1 discussion.  
·  : reuse Rel-16 method by considering PRS processing capability outside gap. 
· Number of samples: PRS samples for outside gap could be reduced to 3 assuming the 1 PRS sample for AGC can be reduced. 
· PRS processing window: The impacts of PRS processing window are reflected on  ,   and . RAN4 can further study how to modify these parameter once further conclusions from RAN1 are reached.
· CSSF outside MG: agree to take PRS measurement into account of CSSF outside MG as defined in clause 9.1.5.1 of TS 38.133. 
Proposal 5: Consider CP length as the threshold for Rx timing difference between the PRS from the non-serving cell and that from the serving cell.
Proposal 6: Use option 1 as the starting point and further discuss how to achieve it by reasonable PRS and MG configuration as suggested by option 2.
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