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1	Introduction
In the latest version of WID for R18 POS, the objective for alignment between (e)DRX and PRS is described as below [1].
	· Specify solutions for alignment between (e)DRX in RRC_INACTIVE and PRS configurations [RAN2].



Also, at RAN2#123, the following agreements were made for alignment between (e)DRX and PRS.
	- 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.



This contribution provides our views on some remaining issues on alignment between (e)DRX and PRS. 
2	Discussion
2.1	Alignment between (e)DRX and PRS configuration
According to the updated objective in the latest WID, RAN2 needs to discuss the potential solutions to align target UE’s (e)DRX configuration and DL-PRS configuration. There are the following two general options we can consider for this.
Option 1. (e)DRX alignment with configured/fixed DL-PRS.
Option 2. DL-PRS alignment with configured/fixed eDRX.
In option 1, the gNB/AMF can adjust the target UE’s (e)DRX configuration considering DL-PRS configuration. For that, the LMF can provide the DL-PRS configuration to gNB/AMF. However, in general, UE’s (e)DRX configuration (e.g., (e)DRX cycle) should be determined based on the general service requirement (e.g., delay, energy consumption …). Thus, it seems unreasonable to adjust the (e)DRX configuration to DL-PRS configuration only for POS in LPHAP. Moreover, the paging occasion of a certain UE is determined not only by the UE-specific parameters (e.g., UE specific DRX cycle, UE_ID, …) but also by the cell-specific parameters (e.g., paging frame offset, number of paging occasion per paging frame, …). So it is infeasible to adjust the target UE’s paging occasion to the fixed DL-PRS Tx timing.  
In option 2, the LMF can adjust the DL-PRS configuration considering the target UE’s (e)DRX configuration. For that, the exisiting on-demand PRS procedure can be reused. The UE can determine the preferred DL-PRS characteristics based on its (e)DRX configuration in RRC_INACTIVE and provide the information to LMF via LPP RequestAssistanceData. Then, the LMF can request gNBs to generate/modify DL-PRS configuration based on it.
At the last meeting, regarding which option to use, RAN2 agreed to support at least alignment of PRS to fixed (e) DRX (i.e., option 2 above), but did not make any decision on whether to support the alignment of (e)DRX to fixed PRS (i.e., option 1 above). Considering the discussion on the option 1 above and the remaining time (i.e., only two meetings until the functional freeze), we would like to propose the following.
Proposal 1: RAN2 to support only alignment of DL-PRS to fixed (e)DRX (i.e., (e)DRX alignment to fixed DL-PRS is not supported at least in Rel-18).
For the DL-PRS alignment to fixed (e)DRX, we can consider either UE-initiated or LMF-initiated on-demand PRS request procedure. In the UE-initiated case, the UE can determine the preferred charactertistics (e.g., periodicity, start offset, duration, …) of DL-PRS transmission based its (e)DRX configuration and deliver it to the LMF via LPP message, which seems clearly within the scope of RAN2 discussion. On the other hand, for LMF-initiated case, the gNB and/or AMF should provide UE’s (e)DRX configuration for the LMF by using N2 or NRPPa message, which does not have any RAN2 spec. impact and needs discussion in RAN3. 
Based on the discussion above, we would like to propose the following.
Proposal 2: RAN2 to discuss only UE-initiated on-demand DL-PRS procedure for the DL-PRS alignment with configured/fixed (e)DRX. (i.e., The LMF-initiated procedure will not be discussed in RAN2 anymore. It can be further discussed in RAN3 if needed.)  
2.2	Potential enhancement on LPP on-demand PRS request 
At the last RAN#100 meeting, the objective for alignment between (e)DRX and PRS is revised to clarify that it is only for UE in RRC_INACTIVE state. In RRC_INACTIVE, (e)DRX configuration for CN paging and (e)DRX configuration for RAN paging can coexist together. Now we can consider the following three cases of UE’s (e)DRX operation in RRC_INACTIVE state according to the modified objective for LPHAP.
· Case 1: Both (e)DRX cycle for CN paging and (e)DRX cycle for RAN paging are below 10.24 sec
· Case 2: (e)DRX cycle for CN paging is above 10.24sec and (e)DRX cycle for RAN paging is below 10.24 sec
· Case 3: Both (e)DRX cycle for CN paging and (e)DRX cycle for RAN paging are above 10.24 sec
In case 1, the UE wakes up to receive paging message during PO which occurs every (e)DRX cycle as in Figure 1 below. 


Figure 1. Both (e)DRX Both (e)DRX cycle for CN paging and (e)DRX cycle for RAN paging are below 10.24 sec
In Figure 1, the (e)DRX cycle is minimum value of CN (e)DRX cycle and RAN (e)DRX cycle and the start point & length of PO is determined by combination of many network configurations. To align the DL-PRS configuration with the PO, the UE can provide the preferred periodicity, start offset, and duration of DL-PRS transmission to LMF via nr-on-demand-DL-PRS-Request within LPP RequestAssistanceData. However, the existing on-demand-DL-PRS-Information IE can include only the requrested DL-PRS resource set periodicity per frequency layer. Thus, there seems the need of introducing new fields to indicate the requested DL-PRS resource set start offset and duration. 
Proposal 3: RAN2 to support UE to include requested DL-PRS resource set duration/start offset associated with each requested periodicity to align with Paging Ocassion timing. 
(The TP for P3 in Annex can be used for baseline.)
In case 2, there will be PTW (Paging Time Window) configured for CN paging as depicted in Figure 2 below.


Figure 2. (e)DRX cycle for CN paging is above 10.24sec and (e)DRX cycle for RAN paging is below 10.24 sec
 Inside the PTW, the UE peforms the paging monitoring with the periodicity that is minimum value of CN DRX cycle and RAN (e)DRX cycle. On the other hand, the UE performs the paging monitoring with RAN DRX cycle outside the PTW. Thus, the UE can have two different wake up cycles and this can be the motivaition of having two different sets of the requested DL-PRS information in NR-On-Demand-DL-PRS-Request IE. 
On the other hand, the DL-PRS transmission within the PTW needs to be activated and deactivated with a certain periodicity (e.g., PTW cycle) when the positioning procedure continues for a long time. With the current LPP, the UE can use the IE dl-prs-StartTime-and-Duration to indicate the requested start time and duration (from 1 sec to 24 hours in unit of one sec) of the DL-PRS transmission. The existing procedure can be reused for the periodic activation/deactivation of DL-PRS transmission in the PTW. However, in that case, the UE should go to RRC_CONNECTED state or trigger SDT procedure to request the start of transmission every PTW cycle, which leads to more energy consumption at the UE side. Thus, there seems the need of introducing new fields to indicate the requested activation periodicity/start offset/duration of the requested DL-PRS transmission.

In case 3, two different PTWs will be configured for CN and RAN paging separately as depicted in Figure 3 below.


Figure 3. Both (e)DRX cycle for CN paging and (e)DRX cycle for RAN paging are above 10.24 sec
In Rel-18, eDRX cycle (over 10.24 sec) for RAN paging in RRC_INACTIVE will be introduced by eRedCap WI. According to the agreements in eRedCap session until now, two separate PTWs for CN and RAN paging can be configured by the network and the UE performs paging monitoring with different DRX cycle in different PTWs. Thus, as in the case 2 above, there seems the need of having two different sets of the requested DL-PRS information in NR-On-Demand-DL-PRS-Request IE. Also, in that case, each requested DL-PRS information can be associated with different sets of activation periodicity/start offset/duration values.
Based on the discussion above, we would like to propose the following.
Proposal 4: RAN2 to support the UE to include two separate requested DL-PRS information in the on-demand PRS request, considering the case 2 (i.e., two different DRX cycle for inside and outside the PTW) and the case 3 (i.e., two different DRX cycle for CN PTW and RAN PTW.).
Proposal 5. RAN2 to support the UE to include requested DL-PRS transmission activation periodicity/start offset/duration associated with each requested DL-PRS information to align with periodic PTW timing.
(The TP for P4, P5 in Annex can be used for baseline.)
The TP to support the proposal 3, 4, 5 is included in Annex part below.
3	Conclusion
Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: RAN2 to support only alignment of DL-PRS to fixed (e)DRX (i.e., (e)DRX alignment to fixed DL-PRS is not supported at least in Rel-18).
Proposal 2: RAN2 to discuss only UE-initiated on-demand DL-PRS procedure for the DL-PRS alignment with configured/fixed (e)DRX. (i.e., The LMF-initiated procedure will not be discussed in RAN2 anymore. It can be further discussed in RAN3 if needed.). 
Proposal 3: RAN2 to support UE to include requested DL-PRS resource set duration/start offset associated with each requested periodicity to align with Paging Ocassion timing. 
(The TP for P3 in Annex can be used for baseline.)
Proposal 4: RAN2 to support the UE to include two separate requested DL-PRS information in the on-demand PRS request, considering the case 2 (i.e., two different DRX cycle for inside and outside the PTW) and the case 3 (i.e., two different DRX cycle for CN PTW and RAN PTW.).
Proposal 5. RAN2 to support the UE to include requested DL-PRS transmission activation periodicity/start offset/duration associated with each requested DL-PRS information to align with periodic PTW timing.
(The TP for P4, P5 in Annex can be used for baseline.)
4	Reference
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5	Annex
The TP for P3 
[bookmark: _Toc139050911]–	NR-On-Demand-DL-PRS-Information
The IE NR-On-Demand-DL-PRS-Information defines the requested on-demand DL-PRS.
-- ASN1START

NR-On-Demand-DL-PRS-Information-r17 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
														NR-On-Demand-DL-PRS-PerFreqLayer-r17

NR-On-Demand-DL-PRS-PerFreqLayer-r17 ::= SEQUENCE {
	dl-prs-FrequencyRangeReq-r17			ENUMERATED { fr1, fr2, ...},
	dl-prs-ResourceSetPeriodicityReq-r17	ENUMERATED { p4, p5, p8, p10, p16, p20, p32, p40,
													p64, p80, p160, p320, p640, p1280, p2560,
													p5120, p10240, p20480, p40960, p81920, ...}
																					OPTIONAL,
	dl-prs-ResourceBandwidthReq-r17			INTEGER (1..63)							OPTIONAL,
	dl-prs-ResourceRepetitionFactorReq-r17	ENUMERATED {n2, n4, n6, n8, n16, n32, ...}
																					OPTIONAL,
	dl-prs-NumSymbolsReq-r17				ENUMERATED {n2, n4, n6, n12, ...}		OPTIONAL,
	dl-prs-CombSizeN-Req-r17				ENUMERATED {n2, n4, n6, n12, ...}		OPTIONAL,
[bookmark: _GoBack]	dl-prs-QCL-InformationReqTRPlist-r17	DL-PRS-QCL-InformationReqTRPlist-r17	OPTIONAL,
	...
	[[
	dl-prs-ResourceSetOffsetReq-r18			DL-PRS-ResourceSetOffsetReq-r18			OPTIONAL,
	dl-prs-ResourceSetDurationReq-r18		INTEGER (1..256)    						OPTIONAL
	]]
}

DL-PRS-QCL-InformationReqTRPlist-r17 ::= SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
													DL-PRS-QCL-InformationReqPerTRP-r17

DL-PRS-QCL-InformationReqPerTRP-r17 ::= SEQUENCE {
	dl-PRS-ID-r17						INTEGER (0..255),
	nr-PhysCellID-r17					NR-PhysCellID-r16							OPTIONAL,
	nr-CellGlobalID-r17					NCGI-r15									OPTIONAL,
	nr-ARFCN-r17						ARFCN-ValueNR-r15							OPTIONAL,
	dl-prs-QCL-InformationReqSet-r17	SEQUENCE (SIZE (1..nrMaxSetsPerTrpPerFreqLayer-r16)) OF
													DL-PRS-QCL-InfoReq-r17,
	...
}

DL-PRS-QCL-InfoReq-r17 ::= SEQUENCE {
	nr-DL-PRS-ResourceSetID-r17			NR-DL-PRS-ResourceSetID-r16,
	dl-prs-QCL-InformationReq-r17		CHOICE {
					dl-prs-QCL-InfoRecPerResourceSet-r17	DL-PRS-QCL-Info-r16,
					dl-prs-QCL-Info-requested-r17			NULL
					},
	...,
	[[
	dl-prs-QCL-InfoRecPerResource-r17	SEQUENCE  (SIZE (1..nrMaxResourcesPerSet-r16)) OF
														DL-PRS-QCL-Info-r16			OPTIONAL
	]]
}

DL-PRS-ResourceSetOffsetReq-r18 ::= SEQUENCE {
	dl-prs-ResourceSetStartSlotOffsetReq-r18  	CHOICE {
													scs15-r18		INTEGER (0..10239),
													scs30-r18 		INTEGER (0..20479),
													scs60-r18 		INTEGER (0..40959),
													scs120-r18 		INTEGER (0..81919),
													...
	},
	dl-prs-ResourceSetStartSymbolOffsetReq-r18 	INTEGER (0..13)     OPTIONAL,
}

-- ASN1STOP

	NR-On-Demand-DL-PRS-Information field descriptions

	dl-prs-FrequencyRangeReq
This field specifies the frequency range for which the on-demand DL-PRS is requested.

	dl-prs-ResourceSetPeriodicityReq
This field specifies the requested periodicity of the DL-PRS Resource Set in slots. The periodicity depends on the subcarrier spacing (SCS) and takes values 
slots, where for SCS of 15, 30, 60 and 120 kHz respectively. μ refers to the target devices current primary cell.

	dl-prs-ResourceBandwidthReq
This field specifies the requested number of PRBs allocated for the DL-PRS Resource (allocated DL-PRS bandwidth) in multiples of 4 PRBs. Integer value 1 corresponds to 24 PRBs, value 2 corresponds to 28 PRBs, value 3 corresponds to 32 PRBs and so on.

	dl-prs-ResourceRepetitionFactorReq
This field specifies the requested DL-PRS Resource repetition. Enumerated values n2, n4, n6, n8, n16, n32 correspond to 2, 4, 6, 8, 16, 32 resource repetitions, respectively.

	dl-prs-NumSymbolsReq
This field specifies the requested number of symbols per DL-PRS Resource within a slot.

	dl-prs-CombSizeN-Req
This field specifies the requested Resource Element spacing in each symbol of the DL-PRS Resource.

	dl-prs-QCL-InformationReqTRPlist
This field specifies the recommended or requested QCL indication with other DL reference signals.
-	dl-PRS-ID indicates the DL-PRS ID of the TRP for which the QCL information is recommended.
-	nr-PhysCellID indicates the physical Cell-ID of the TRP for which the QCL information is recommended, as defined in TS 38.331 [35].
-	nr-CellGlobalID indicates the NCGI, the globally unique identity of a cell in NR, of the TRP for which the QCL information is recommended, as defined in TS 38.331 [35].
-	nr-ARFCN indicates the NR-ARFCN of the TRP's CD-SSB (as defined in TS 38.300 [47]) corresponding to nr-PhysCellID.
-	dl-prs-QCL-InformationReqSet indicates the recommended QCL information per DL-PRS Resource Set.
-	nr-DL-PRS-ResourceSetID indicates the DL-PRS Resource Set ID for which the QCL information is recommended.
-	dl-prs-QCL-InformationReq
-	dl-prs-QCL-InfoRecPerResourceSet indicates a single recommended QCL source for the DL-PRS Resource Set.
-	dl-prs-QCL-Info-requested indicates that the UE requests to provide the QCL information in the assistance data.
-	dl-prs-QCL-InfoRecPerResource indicates a list of recommended QCL sources for the DL-PRS Resource Set. If this field is present, the dl-prs-QCL-InformationReg shall be ignored by the receiver.

	dl-prs-ResourceSetOffsetReq
This field specifies the requested start time offset of the DL-PRS Resource Set with respect to the closest previous SFN#0 slot#0 of the target UE’s primary cell and comprises the following subfields:
-	dl-prs-ResourceSetStartSlotOffsetReq specifies the slot offset of the requested start time offset.
	The offset corresponds to the slot offset with respect to SFN #0 slot #0 for the target UE’s primary cell (i.e. slot where the first DL-PRS Resource of DL-PRS Resource Set occurs).
-	dl-prs-ResourceSetStartSymbolOffsetReq specifies the symbol offset of the requested start time offset.	
The offset corresponds to the starting symbol of the DL-PRS Resource Set (i.e. symbol where the first DL-PRS Resource of DL-PRS Resource Set occurs within a slot determined by dl-prs-ResourceSetStartSlotOffsetReq).

	dl-prs-ResourceSetDurationReq
This field specifies the requested duration of the the DL-PRS Resource Set in slot. (i.e., duration from the slot for the first DL-PRS Resource of DL-PRS Resource Set to the slot of the last DL-PRS Resource of DL-PRS Resource Set).




The TP for P4, P5
[bookmark: _Toc139050912]–	NR-On-Demand-DL-PRS-Request
The IE NR-On-Demand-DL-PRS-Request is used by the target device to request on-demand DL-PRS from a location server.
-- ASN1START

NR-On-Demand-DL-PRS-Request-r17 ::= SEQUENCE {
	dl-prs-StartTime-and-Duration-r17			DL-PRS-StartTime-and-Duration-r17		OPTIONAL,
	nr-on-demand-DL-PRS-Information1-r17			NR-On-Demand-DL-PRS-Information-r17		OPTIONAL,
	dl-prs-configuration-id-PrefList-r17		SEQUENCE (SIZE (1..maxOD-DL-PRS-Configs-r17)) OF 
													DL-PRS-Configuration-ID-r17			OPTIONAL,
	...
	[[
	nr-on-demand-DL-PRS-Information2-r17			NR-On-Demand-DL-PRS-Information-r17		OPTIONAL,
	dl-prs-Activation-Information1-r18			DL-prs-Activation-Information-r18         OPTIONAL,
	dl-prs-Activation-Information2-r18			DL-prs-Activation-Information-r18         OPTIONAL
	]]
}

DL-PRS-StartTime-and-Duration-r17 ::= SEQUENCE {
	dl-prs-start-time-r17		INTEGER (1..1024)						OPTIONAL,
	dl-prs-duration-r17			SEQUENCE {
									seconds-r17		INTEGER (0..59)		OPTIONAL,
									minutes-r17		INTEGER (0..59)		OPTIONAL,
									hours-r17		INTEGER (0..23)		OPTIONAL,
									...
								}										OPTIONAL,
	...
}

DL-prs-Activation-Information-r18 ::= SEQUENCE {
	dl-prs-ActivationPeriodicityReq-r18			ENUMERATED { 20.48 sec, 40.96 sec. 81.92 sec, 163.84 sec, 163.84 sec, 327.68 sec, 655.36 sec, 1310.72 sec, 2621.44 sec, 5242.88 sec, 10485.76 sec ...},
	dl-prs-ActivationStartSFNReq-r18        INTEGER (0..1023),
	dl-prs-ActivationDurationReq-r18	ENUMERATED { 1.28 sec, 2.56 sec, 3.84 sec, 5.12 sec, 6.4 sec, 7.68 sec, 8.96 sec, 10.24 sec, 11.52 sec, 12.8 sec, 14.08 sec, 15.36 sec, 16.64 sec, 17.92 sec, 19.20 sec, 20.48 sec, 21.76 sec, 23.04 sec, 24.32 sec, 25.6 sec, 26.88 sec, 28.16 sec, 29.44 sec, 30.72 sec, 32 sec, 33.28 sec, 34.56 sec, 35.84 sec, 37.12 sec, 38.4 sec, 39.68 sec, 40.96 sec ...}
}
-- ASN1STOP
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