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1.  Introduction
This discussion paper discusses some remaining issues in Rel-18 LPP specification.
2.  Discussion
Alignment of PRS to fixed (e)DRX
There is an open issue of PRS/DRX alignment:
	Topic
	Open issues
	Clause Number
	Comments

	LPHAP
	1) Specify the UE-initiated on-demand PRS mechanism to support alignment of PRS to fixed (e)DRX
	6.4.3      Common NR Positioning Information Elements
	Will discuss based on contribution



RAN2#123[1] has the following agreement:
	At least alignment of PRS to fixed (e)DRX is supported.
At least UE-initiated on-demand PRS request procedure is supported for the alignment of the PRS configuration to the fixed (e)DRX configuration.


The percentage of PF/PO time occupation within one DRX/eDRX cycle is rather small. For example, normally one PO can last 4ms, while the smallest DRX paging cycle is even 320ms. Therefore if UE wants to request some PRS configuration/parameter to suit the current PO location, when UE’s on-demand PRS request only contains requested PRS periodicity to be aligned with DRX/eDRX cycle periodicity, the PRS and DRX are not actually aligned, which will not have any power saving gain. Therefore, UE should also request the PRS time offset to LMF. The PRS time offset is associated with the requested PRS periodicity, with the unit of subframe or slot. The PRS time offset can indicate the start time of the PF, PO or the first MO in a paging cycle, where the UE wants the PRS to be located in, to save power.
Observation 1: Since the percentage of PF/PO time occupation within one DRX/eDRX cycle is rather small, when UE’s on-demand PRS request only contains requested PRS periodicity to be aligned with DRX/eDRX cycle periodicity, the PRS and DRX are not actually aligned, which will not have any power saving gain.
Note that UE’s requested PRS periodicity is not necessarily the same with the DRX/eDRX cycle. For power saving purpose, UE should request a PRS periodicity larger or equal to the DRX/eDRX cycle value:
· If UE requests a PRS periodicity larger than the DRX cycle value, since one PRS period may contain multiple DRX cycles, UE should also request more than one PRS time offset values regarding to the requested PRS periodicity, where each PRS time offset corresponds to a paging location in one DRX/eDRX cycle. 
· If UE requests a PRS periodicity same as the paging cycle value, since UE only monitor one PO in a DRX cycle, if requested PRS periodicity is the same as DRX value, requesting one PRS time offset is enough. Figure 1 gives an example of requested PRS periodicity is larger than DRX cycle. In this case, 2 PRS time offset values should be associated with a requested PRS periodicity.
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Figure 1. Example of UE’s PRS request when PRS periodicity is larger than DRX cycle
Proposal 1: In LPP on-demand PRS request message, support UE to request one or more PRS time offset(s) associated with each requested PRS periodicity, to better align the actual paging location.
For the case that UE is in RRC_INACTIVE, eDRX for CN paging(and/or eDRX for RAN paging) is configured and is on, and eDRX paging cycle value is longer than 1024 radio frames, there will be PTW(paging time window). Currently UE is configured with one PTW within one eDRX cycle for CN paging. 
· In RRC_IDLE, since there is no RAN paging, UE can only receive CN initiated paging during the PTW. 
· In RRC_INACTIVE, there is a case that eDRX cycle for CN paging and eDRX cycle for RAN paging coexists, at this case if eDRX cycle for CN paging is larger than 1024 radio frames, UE should maintain 2 paging cycles/periodicities for indise-PTW and outside-PTW, respectively.
As analysed above, UE may have different paging cycle value inside PTW and outside the PTW, resulting in different periodicities of PF/PO/MO location. However in Rel-17 on-demand PRS procedure, UE is only able to request one PRS resource set periodicity value per frequency layer, indicating the UE wants the PRS to have a certain single PRS periodicity. If PTW is enabled by UE, the UE should request more than 1 PRS periodicity values in an on-demand PRS request for the alignment of paging cycle inside the PTW and outside the PTW, respectively. An example is provided in figure 2 where UE is enabled with a PTW.
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Figure 2. Example of UE’s PRS request when having a PTW
Proposal 2: In LPP on-demand PRS request message, support UE to request separate PRS periodicities per PFL in order to align with the paging cycle inside-PTW and outside-PTW, respectively.
For NRPPa design, LMF requests the PRS transmission characteristics to the serving gNB and neighbor gNBs in the NRPPa PRS CONFIGURATION REQUEST message. As analysed above, UE may request more than one PRS periodicities or PRS time offset values. These should also be included in the NRPPa PRS CONFIGURATION REQUEST, too. If it is agreed, LS to RAN3 is needed.
Proposal 3: Support LMF to include UE’s requested PRS periodicities or PRS time offsets in the NRPPa PRS CONFIGURATION REQUEST message. Send LS to RAN3 to inform the NRPPa impact.

CPP measurement window 
Current 37.355-i10 specifies the measurement time window configuration as follows:
	–	NR-DL-PRS-MeasurementTimeWindowsConfig
[bookmark: _Hlk158211501]The IE NR-DL-PRS-MeasurementTimeWindowsConfig provides a set of indicated time window(s) which is configured for the target device to perform measurements on indicated DL-PRS Resource Set(s) occurring within indicated time window(s).
-- ASN1START
NR-DL-PRS-MeasurementTimeWindowsConfig-r18 ::=
									SEQUENCE (SIZE(1..2)) OF
										NR-DL-PRS-MeasurementTimeWindowsConfigElement-r18
NR-DL-PRS-MeasurementTimeWindowsConfigElement-r18 ::= SEQUENCE {
	nr-StartSFN-TimeWindow-r18		INTEGER (0..1023),
	nr-PeriodicityAndSlotOffsetTimeWindow-r18
									NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16
																			OPTIONAL, -- Need ON
	nr-SymbolOffsetTimeWindow-r18	INTEGER (0..13)							OPTIONAL, -- Need ON
	nr-DurationTimeWindow-r18		ENUMERATED { n1, n2, n4, n6, n8, n12, n16, ... },
	nr-SelectedDL-PRS-FrequencyLayerIndex-r18	INTEGER (0..nrMaxFreqLayers-1-r16),
	nr-SelectedDL-PRS-IndexListPerFreq-r18
									SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
										NR-SelectedDL-PRS-IndexPerTRP-r18	OPTIONAL, --Need OP
	...
}
NR-SelectedDL-PRS-IndexPerTRP-r18 ::= SEQUENCE {
	nr-SelectedTRP-Index-r18				INTEGER (0..nrMaxTRPsPerFreq-1-r16),
	dl-SelectedPRS-ResourceSetIndexList-r18	SEQUENCE (SIZE (1..nrMaxSetsPerTrpPerFreqLayer-r16)) OF
						INTEGER (0..nrMaxSetsPerTrpPerFreqLayer-1-r16)		OPTIONAL, --Need OP
	...
}
-- ASN1STOP


RAN1#113[2]’s agreement is:
	Agreement
To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.
FFS: the maximum number of the windows


The agreement means the window can be configured as one-shot or periodic. However current signaling nr-PeriodicityAndSlotOffsetTimeWindow-r18 is an option IE with need ON, which means if the window is configured as periodic once, it can not be changed to one-shot via the absence of the IE. So the first correction is to change need ON to need OR for nr-PeriodicityAndSlotOffsetTimeWindow-r18. 
Second issue is, the nr-PeriodicityAndSlotOffsetTimeWindow-r18 determines the window periodicity and slot offset of the window. This IE is optional, i.e., if this is not present, the window should be one-shot configuration. However if the IE is not present, the slot offset is also not present, therefore one shot window will not have a slot offset indication. So the second correction is to add a slot offset IE dedicated for one-shot window configuration.
Taking the above into consideration, an example TP is provided as below:
	–	NR-DL-PRS-MeasurementTimeWindowsConfig
The IE NR-DL-PRS-MeasurementTimeWindowsConfig provides a set of indicated time window(s) which is configured for the target device to perform measurements on indicated DL-PRS Resource Set(s) occurring within indicated time window(s).
-- ASN1START
NR-DL-PRS-MeasurementTimeWindowsConfig-r18 ::=
									SEQUENCE (SIZE(1..2)) OF
										NR-DL-PRS-MeasurementTimeWindowsConfigElement-r18
NR-DL-PRS-MeasurementTimeWindowsConfigElement-r18 ::= SEQUENCE {
	nr-StartSFN-TimeWindow-r18		INTEGER (0..1023),
	nr-PeriodicityAndSlotOffsetTimeWindow-r18
									NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16
																	OPTIONAL, -- Need ONR
	nr-SymbolOffsetTimeWindow-r18	INTEGER (0..13)					OPTIONAL, -- Need ON
	nr-SlotOffsetTimeWindow-r18	::= CHOICE {
	    scs15-r16                      INTEGER (0..10239),
	    Scs30-r16                      INTEGER (0..20479),
	    Scs60-r16                      INTEGER (0..40959),
	    Scs120-r16                      INTEGER (0..81919)
},                                                                                OPTIONAL, -- Need OR
	nr-DurationTimeWindow-r18		ENUMERATED { n1, n2, n4, n6, n8, n12, n16, ... },
	nr-SelectedDL-PRS-FrequencyLayerIndex-r18	INTEGER (0..nrMaxFreqLayers-1-r16),
	nr-SelectedDL-PRS-IndexListPerFreq-r18
									SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
										NR-SelectedDL-PRS-IndexPerTRP-r18	OPTIONAL, --Need OP
	...
}
NR-SelectedDL-PRS-IndexPerTRP-r18 ::= SEQUENCE {
	nr-SelectedTRP-Index-r18				INTEGER (0..nrMaxTRPsPerFreq-1-r16),
	dl-SelectedPRS-ResourceSetIndexList-r18	SEQUENCE (SIZE (1..nrMaxSetsPerTrpPerFreqLayer-r16)) OF
						INTEGER (0..nrMaxSetsPerTrpPerFreqLayer-1-r16)		OPTIONAL, --Need OP
	...
}
-- ASN1STOP
	NR-DL-PRS-MeasurementTimeWindowsConfig field descriptions

	nr-StartSlotOffsetTimeWindow
This field specifies the slot offset with respect to the SFN in IE nr-StartSFN-TimeWindow slot #0 for the TRP where the DL-PRS Resource Set is configured. If nr-PeriodicityAndSlotOffsetTimeWindow-r18 is present, this field should be absent.





Proposal 4: In NR-DL-PRS-MeasurementTimeWindowsConfig, change need ON to need OR for the IE nr-PeriodicityAndSlotOffsetTimeWindow-r18, and add a slot offset IE dedicated for one-shot window configuration. Take the corresponding TP.
RedCap total bandwidth request
RAN1’s LS R1-2401801[3] has clarified the UE hopping behaviour when receiving nr-DL-PRS-RxHoppingTotalBandwidth-r18:
	Agreement
For a RedCap UE receiving nr-DL-PRS-RxHoppingTotalBandwidth in location information request, clarify that for each DL-PRS resource, the RedCap UE performs PRS Rx frequency hopping to a bandwidth of min {the requested bandwidth in request location information, the configured DL-PRS bandwidth in the provided assistance data}.


This should be correspondingly captured in the field description. An example TP is shown below:
	nr-DL-PRS-RxHoppingTotalBandwidth
This field, if present, indicates the total bandwidth of all hops in MHz. For each DL-PRS resource, the target device shall perform PRS Rx frequency hopping to a bandwidth of min {the requested bandwidth via this field, the configured DL-PRS bandwidth in the provided assistance data}.


Proposal 5: Add the UE hopping behaviour in the field description of nr-DL-PRS-RxHoppingTotalBandwidth-r18. Take the corresponding TP.

3.  Conclusion
In this contribution, we propose the following observation and proposals:
Observation 1: Since the percentage of PF/PO time occupation within one DRX/eDRX cycle is rather small, when UE’s on-demand PRS request only contains requested PRS periodicity to be aligned with DRX/eDRX cycle periodicity, the PRS and DRX are not actually aligned, which will not have any power saving gain.
Proposal 1: In LPP on-demand PRS request message, support UE to request one or more PRS time offset(s) associated with each requested PRS periodicity, to better align the actual paging location.
Proposal 2: In LPP on-demand PRS request message, support UE to request separate PRS periodicities per PFL in order to align with the paging cycle inside-PTW and outside-PTW, respectively.
Proposal 3: Support LMF to include UE’s requested PRS periodicities or PRS time offsets in the NRPPa PRS CONFIGURATION REQUEST message. Send LS to RAN3 to inform the NRPPa impact.
Proposal 4: In NR-DL-PRS-MeasurementTimeWindowsConfig, change need ON to need OR for the IE nr-PeriodicityAndSlotOffsetTimeWindow-r18, and add a slot offset IE dedicated for one-shot window configuration. Take the corresponding TP.
Proposal 5: Add the UE hopping behaviour in the field description of nr-DL-PRS-RxHoppingTotalBandwidth-r18. Take the corresponding TP.
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