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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, only requesting PRS periodicity may not be enough, 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.
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.
[image: 图片1]
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 for UE and PRU (RILs Z003, Q002)
	[RIL]: Z003 [Delegate]: ZTE (Yu Pan) [WI]: Pos [Class]: 1 [Status]: ToDo [TDoc]: No [Proposed Conclusion]: 
[Description]: R1’s agreement is:
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource sets occurring within indicated time window(s).
· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.

The window is used for simultaneous transmission for UE and PRU. This should be reflected here
[Proposed Change]: proposed change in red: The IE NR-DL-PRS-MeasurementTimeWindowsConfig provides a set of indicated time window(s) which is configured from server to target UE orand PRU to perform measurements simultaneously on indicated DL PRS resource set(s) occurring within indicated time window(s) for DL CPP, DL-TDOA, Multi-RTT and DL-AoD.
[Comments]: [Apple] “or” shall remain. From the feature perspective it is of course “and” as the feature is supported both for regular UEs and PRUs. However, a single message goes to either a UE or a PRU, not both at the same time. [CATT]: From UE’s perspective, the message comes to either target UE or PRU. Or is needed here. Simultaneous is also from network’s perspective and target UE and PRU have no idea on it. Usually we don't specify network’s behaviour in protocol.
[MediaTek]: Agree with Apple CATT that “or” is correct. We could accept some explanation of the purpose (e.g., “to support performing measurements simultaneously by the target UE and the PRU(s)”).


This is commented by several companies, we would like to support MediaTek’s comments that “or” should not be changed from stage-3 signaling perspective, but the intention should be added in the paragraph. Example TP can be seen as follows (also adopt proposed change in Q002):
	–	NR-DL-PRS-MeasurementTimeWindowsConfig
The IE NR-DL-PRS-MeasurementTimeWindowsConfig provides a set of indicated time window(s) which is configured from server to target UE or PRU to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s) for DL CPP, DL-TDOA, Multi-RTT and DL-AoD., to support performing measurements simultaneously by the target UE and the PRU(s).


Proposal 4: For NR-DL-PRS-MeasurementTimeWindowsConfig, adopt the above TP which is to add indication of the intention of introducing the window, i.e., the window is to support performing measurements simultaneously by the target UE and the PRU(s).
PRS BW aggregation reporting 
Additional measurement reporting (RILs H024)
	[RIL]: H024 [Delegate]: Huawei (Yinghao Guo) [WI]: POS  [Class]: 1 [Status]: ToDisc [TDoc]: R2-24xxxxx [Proposed Conclusion]: v002
[Description]: if the main measurement is obtained from aggregated resources, is it possible for the additional measurement to be obtained not from aggregated resoruces or from different aggregated resources?
[Proposed Change]: Clarify the issue with RAN1. If the additional measurement can only be obtained from the same aggregated resource, the two fields are here not needed
[Comments]: [CATT]: We can try to send LS to RAN1 if majority companies think this is unclear and need to check with RAN1.


Additional measurement has the same TRP pair but different resource (set) pair with the main measurement. The fact is, different resource (set) pair of a TRP pair will be very likely to have different aggregation status. There are two cases:
· In one TRP, there may be up to two PFL aggregations, that is to say, one TRP may have up to 2 resource set combinations. Therefore, it is possible that main measurement reports aggregation of this TRP with one of the resource set combinations, and additional measurement reports aggregation of this TRP with the other one of the resource set combinations.
· In one TRP, there may be only one resource set combinations. It is possible that main measurement reports aggregation of this TRP with the resource set combinations, but additional measurement reports measurements of this TRP based on PRS resource set that is not configured with any linkage.
Although RAN1’s parameter list does not mention whether the aggregation status of main measurement and additional measurement should be same or can be different, but to our understanding, this issue is not ambiguous, i.e., additional measurement can have different aggregation indication compared to main measurement. 
Proposal 5: For measurement reporting, additional measurement can have different aggregation indication compared to main measurement.
Linked PRS resource set reporting (RILs H003, Z002, Z009, Z001)
	[RIL]: Z009 [Delegate]: ZTE (Yu Pan) [WI]: Pos [Class]: 1 [Status]: ToDo [TDoc]: No [Proposed Conclusion]: 
[Description]: this IE only indicates resource set level link. So the ‘resource ID’ can be deleted
[Proposed Change]: delete ‘and the PRS resource IDs’
[Comments]: [CATT]: RSTD measurement is based on resource because we assume that measurement report per resource is the common understanding in RAN2 according to the previous email discussion, even though RAN1 doesn't specify the resource ID should be reported in RRC parameter list. Please also refer to the comments on Z001 (NR-AggregatedDL-PRS-ResourceSetID-Element-r18). If we are not comfortable to report resource id when BW, RAN2 can send an LS to RAN1 for confirm.


LMF can request to UE whether to make measurements on aggregated PFLs, further, LMF can request to UE whether UE should use 2 or 3 aggregated PFLs to make measurements. In response, UE reports the measurement with 2 or 3 aggregated resource set IDs, which represents the 2 or 3 aggregated PFLs. 
UE knows the DL-PRS resource linkage by implicit way, i.e., in the configured PRS resource set linage, if two PRS resources have some same parameters, UE can determine the two PRS resources are linked.
It can be seen that, in the feature of DL-PRS BW aggregation, LMF does not need the information on which PRS resources are linked in the linked PRS resource set. LMF only cares the frequency ranges/total bandwidth that the UE is measuring on, to ensure the accuracy. Furthermore in legacy, PRS resource set ID and PRS resource ID are not mandatorily reported. So we think in UE’s measurement report, there is no need to report aggregated DL PRS resource ID, since it is useless to LMF. 
Proposal 6: Stick to RAN1’s parameter list, and delete aggregated DL PRS resource ID in UE’s measurement report.
	[RIL]: Z001 [Delegate]: ZTE (Yu Pan) [WI]: Pos [Class]: 2 [Status]: ToDo [TDoc]: No [Proposed Conclusion]: 
[Description]: there is no need to include dl-PRS-ID here since this whole IE is under each measurement element, where there is already associated dl-PRS-ID
[Proposed Change]: delete the dl-PRS-ID here
[Comments]: Qualcomm: Without DL-PRS-ID, the DL-PRS Resource ID (and the missing DL-PRS Resource Set ID) would be ambiguous.
HW This is also related to H023. Under the same TRP, there might be multiple DL-PRS ID from which resource are aggregated
CATT the dl-PRS-ID here should be deleted, and the nr-DL-PRS-ResourceSetID should be added here. As for the concern of the ambiguous of the resource ID and resource set ID, the dl-PRS-ID which all of the aggregated PRS resources and resource sets are associated is already indicated in the NR-DL-TDOA-SignalMeasurementInformation for DL-TDOA and in the NR-Multi-RTT-MeasElement for Multi-RTT.
Qualcomm: Not clear how this can work without DL-PRS ID. The DL-PRS Resource Set ID on 2 or 3 PFLs may be the same number. A PFL may have 64 DL-PRS IDs. Not clear how the DL-PRS Resource Set ID alone could unambiguously define the aggregated Resource Sets used for measurements. At multiple places, we currently say: dl-PRS-ID: This field is used along with a DL-PRS Resource Set ID and a DL-PRS Resource ID to uniquely identify a DL-PRS Resource, and is associated to a single TRP.So the DL-PRS ID seems needed to disambiguate the DL-PRS Resource Set ID.
Intel: agree with QC and Huawei
Samsung: Agree with CATT. DL-PRS-ID is already there in NR-DL-TDOA-MeasElement/ NR-Multi-RTT-MeasElement IE which includes this IE. No need to add duplicate information here. Also, nr-DL-PRS-ResourceSetID should be added.
Qualcomm: The problem is that only one DL-PRS ID is included in e.g., NR-DL-TDOA-MeasElement. However, aggregation is across 2 or 3 PFLs. Each PFL can have up to 64 DL-PRS IDs.


Current measurement report structure is as follows (take DL-TDOA for example):
	NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16								OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15										OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15								OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16						OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16						OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-RSTD-r16						CHOICE {
			k0-r16						INTEGER (0..1970049),
			k1-r16						INTEGER (0..985025),
			k2-r16						INTEGER (0..492513),
			k3-r16						INTEGER (0..246257),
			k4-r16						INTEGER (0..123129),
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]			k5-r16						INTEGER (0..61565),
			...,
			kMinus1-r18					INTEGER (0..3940097),
			kMinus2-r18					INTEGER (0..7880193)
	},
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126)								OPTIONAL,
	nr-DL-TDOA-AdditionalMeasurements-r16
									NR-DL-TDOA-AdditionalMeasurements-r16			OPTIONAL,
	...,
	[[
	nr-UE-Rx-TEG-ID-r17					INTEGER (0..maxNumOfRxTEGs-1-r17)			OPTIONAL,
[bookmark: _GoBack]	nr-DL-PRS-FirstPathRSRP-Result-r17	INTEGER (0..126)							OPTIONAL,
	nr-los-nlos-Indicator-r17			CHOICE {
			perTRP-r17						LOS-NLOS-Indicator-r17,
			perResource-r17					LOS-NLOS-Indicator-r17
	}																				OPTIONAL,
	nr-AdditionalPathListExt-r17		NR-AdditionalPathListExt-r17				OPTIONAL,
	nr-DL-TDOA-AdditionalMeasurementsExt-r17
										NR-DL-TDOA-AdditionalMeasurementsExt-r17	OPTIONAL
	]],
	[[
	nr-RSTD-BasedOnAggregatedResources-r18		ENUMERATED {true}					OPTIONAL,
	nr-AggregatedDL-PRS-ResourceSetID-List-r18	SEQUENCE (SIZE (2.. 3)) OF
								NR-AggregatedDL-PRS-ResourceSetID-Element-r18		OPTIONAL,

[bookmark: _Toc156478932]–	NR-AggregatedDL-PRS-ResourceSetID-Element
The IE NR-AggregatedDL-PRS-ResourceSetID-Element is used by the target device to indicate each of the aggregated PRS resource set and the PRS resource to UE.
-- ASN1START

NR-AggregatedDL-PRS-ResourceSetID-Element-r18 ::= SEQUENCE {
	dl-PRS-ID-r18					INTEGER (0..255),
	nr-DL-PRS-ResourceID-r18		NR-DL-PRS-ResourceID-r16
}

-- ASN1STOP


NR-AggregatedDL-PRS-ResourceSetID-Element-r18 is embedded in each NR-DL-TDOA-MeasElement-r16, and each NR-DL-TDOA-MeasElement-r16 is associated with a dl-PRS-ID-r16. So NR-AggregatedDL-PRS-ResourceSetID-Element does not need to contain duplicated dl-PRS-ID again, i.e., when UE reports a measurement element with a dl-PRS-ID-r16 and the measurement is associated with a NR-AggregatedDL-PRS-ResourceSetID-Element, it means that the UE makes the aggregated results based on the resource sets from the TRP indicated by dl-PRS-ID-r16.
Proposal 7: Delete dl-PRS-ID-r18 in NR-AggregatedDL-PRS-ResourceSetID-Element, since each Method-MeasElement is already associated with a dl-PRS-ID-r16.
RedCap total bandwidth request (RILs Z011, N012)
	[RIL]: N012 [Delegate]: Nokia (Mani)  [WI]: POS [Class]: 1 [Status]: ToDo [TDoc]: None [Proposed Conclusion]: 
[Description]: Field description for nr-DL-PRS-RxHoppingTotalBandwidth can be improved.
[Proposed Change]: Update as follows: This field, if present, indicates the total bandwidth in MHz across all hops for the DL PRS measurement.
Question: Is it mandatory to provide the total bandwidth if the UE is requested to use Rx Hopping? If not, what is the UE behavior? How much bandwidth does the UE use? Is there a default bandwidth to be used? If it is mandatory to provide the total bandwidth, make the field conditionally present.
[Comments]: 

	[RIL]: Z011 [Delegate]: ZTE (Yu Pan) [WI]: Pos [Class]: 1 [Status]: ToDo [TDoc]: No [Proposed Conclusion]: 
[Description]: PRS hopping is within each configured PRS resource. So this IE is to describe the total hopping bandwidth per DL-PRS resource. To make the spec reading more clear we suggest to add the clarification here
[Proposed Change]: add the red part: ‘This field, if present, indicates the total bandwidth of all hops within the configured DL-PRS resource in MHz.’
[Comments]: [CATT]: How about this according to RAN1 parameter: ‘This field, if present, indicates the total bandwidth across all frequency hops based on receiving multiple hops of configured DL-PRS in MHz.’
[Nokia]: I don’t follow what is meant by “based on receiving multiple hops of configured DL-PRS”. Is there a specific PRS resource configuration indicated in the request message when it includes nr-DL-PRS-RxHoppingRequest?


Current RedCap positioning allows LMF to indicate UE whether hopping is needed, further, LMF can optionally indicate the total bandwidth of the hopping: 
NR-DL-TDOA-RequestLocationInformation-r16 ::= SEQUENCE {
<omitted>
	nr-DL-PRS-RxHoppingRequest-r18				ENUMERATED { requested }		OPTIONAL, -- Need ON
	nr-DL-PRS-RxHoppingTotalBandwidth-r18		CHOICE {
		fr1											ENUMERATED {mhz40, mhz50, mhz80, mhz100},
		fr2											ENUMERATED {mhz100, mhz200, mhz400}
	}																			OPTIONAL, -- Need ON
<omitted>
}
	nr-DL-PRS-RxHoppingTotalBandwidth
This field, if present, indicates the total bandwidth of all hops in MHz. 


The current two parameters for DL PRS hopping cause some misunderstanding. Also the nr-DL-PRS-RxHoppingTotalBandwidth does not indicate a clear UE behaviour with the current field description.
Here we would like to clarify the UE behaviour on these two fields:
· If LMF only indicates nr-DL-PRS-RxHoppingRequest, but LMF does not indicate nr-DL-PRS-RxHoppingTotalBandwidth, UE should use hopping to receive DL-PRS and make measurements, it is UE implementation to hop total configured bandwidth of a DL-PRS resource, or to hop part of the configured bandwidth of a DL-PRS resource. That is to say, there is no default nr-DL-PRS-RxHoppingTotalBandwidth value indicated to UE;
· If LMF indicates both nr-DL-PRS-RxHoppingRequest and nr-DL-PRS-RxHoppingTotalBandwidth, since these two IEs are both UE-specific (not resource-specific), that means UE should hop the indicated bandwidth for all DL-PRS resources that the UE needs to receive. However here is the issue that, nr-DL-PRS-RxHoppingTotalBandwidth is UE-specific which implies the request is common for all configured DL PRS in assistance data, but different DL-PRS resource may have different configured bandwidth (i.e., DL PRS bandwidth is configured per PFL). so, there may have the following two hopping interpretations for a UE receiving the request:
· Interpretation 1: For each DL-PRS resource, RedCap UE hops to a bandwidth of min {the requested bandwidth in request location information, the configured DL-PRS resource bandwidth in provide assistance data}. If the configured bandwidth of some DL-PRS resources is larger than the requested bandwidth, UE should hop to the requested bandwidth; If the configured bandwidth of some DL-PRS resources is smaller than the requested bandwidth, UE should only hop to the configured bandwidth. 
· Interpretation 2: A RedCap UE is requested to provide measurement result/location information for DL PRS Rx hopping with the requested total hop bandwidth, wherein the requested total bandwidth is measured by the UE within a DL PRS resource. To be specific, if the configured bandwidth of some DL-PRS resources is smaller than the requested bandwidth, the UE is not requested to report measurements for DL PRS resources with bandwidth not meeting LMF’s request; if the configured bandwidth of some DL-PRS resources is larger than or equal to the requested bandwidth, UE should hop to the requested bandwidth;
Based on the above analysis, we support the following proposal:
Proposal 8: For a RedCap UE receiving nr-DL-PRS-RxHoppingTotalBandwidth in location information request, clarify with one of the following interpretations:
· Interpretation 1: For each DL-PRS resource, the RedCap UE hops to a bandwidth of min {the requested bandwidth in request location information, the configured DL-PRS resource bandwidth in provide assistance data}.
· Interpretation 2: A RedCap UE is requested to provide measurement result/location information for DL PRS Rx hopping with the requested total hop bandwidth, wherein the requested total bandwidth is measured by the UE within a DL PRS resource. 
· Note: if the configured bandwidth of a DL-PRS resource is smaller than the requested bandwidth, the UE is not requested to report measurements for the DL PRS resource.
Send LS to RAN1 to confirm these two interpretations if RAN2 has no consensus
3.  Conclusion
In this contribution, we propose the following observation and proposals:
Alignment of PRS to fixed (e)DRX
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.
CPP
Proposal 4: For NR-DL-PRS-MeasurementTimeWindowsConfig, adopt the above TP which is to add indication of the intention of introducing the window, i.e., the window is to support performing measurements simultaneously by the target UE and the PRU(s).
PRS BW aggregation
Proposal 5: For measurement reporting, additional measurement can have different aggregation indication compared to main measurement.
Proposal 6: Stick to RAN1’s parameter list, and delete aggregated DL PRS resource ID in UE’s measurement report.
Proposal 7: Delete dl-PRS-ID-r18 in NR-AggregatedDL-PRS-ResourceSetID-Element, since each Method-MeasElement is already associated with a dl-PRS-ID-r16.

RedCap positioning
Proposal 8: For a RedCap UE receiving nr-DL-PRS-RxHoppingTotalBandwidth in location information request, clarify with one of the following interpretations:
· Interpretation 1: For each DL-PRS resource, the RedCap UE hops to a bandwidth of min {the requested bandwidth in request location information, the configured DL-PRS resource bandwidth in provide assistance data}.
· Interpretation 2: A RedCap UE is requested to provide measurement result/location information for DL PRS Rx hopping with the requested total hop bandwidth, wherein the requested total bandwidth is measured by the UE within a DL PRS resource. 
· Note: if the configured bandwidth of a DL-PRS resource is smaller than the requested bandwidth, the UE is not requested to report measurements for the DL PRS resource.
Send LS to RAN1 to confirm these two interpretations if RAN2 has no consensus
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