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At the RAN#98e meeting, the WID on expanded and improved NR positioning RP-223549 [1] was approved including the following objective related to LPHAP, wherein the part related to RAN1 is marked in red.
	· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].
· [bookmark: _Hlk122087734]SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].


In this contribution, we will present our views on remaining issues on LPHAP.
Potential solutions for LPHAP
Larger PRS periodicities
In RAN1#114 meeting, the following agreement[2] was achieved.
	Agreement
From RAN1 perspective, candidate values larger than 10240 ms for PRS and/or SRS periodicity, e.g., 20480 ms, can be introduced.
· FFS: specification impact on PRS/SRS configuration.
· Send LS to RAN2 asking them to work on the higher layer signalling details (e.g., specific values of periodicity, hyper SFN information in the configuration, etc.)





Figure 1 PRS with a period of 20.48s
One remaining FFS is that specification impact on PRS/SRS configuration if the candidate value of periodicity is larger than 10.24s.
Due to the periodicity of DL PRS is extended larger than 10240ms, the previous ResourceSetSlotOffset may not be enough, since the slot offset for DL PRS resource set with respect to SFN0 slot 0 and it is not clear that ‘SFN0 slot 0’ is associated with which HyperFrame.
	dl-PRS-Periodicity-and-ResourceSetSlotOffset defines the DL PRS resource periodicity and takes values slots, where for dl-PRS-SubcarrierSpacing=15, 30, 60 and 120 kHz respectively and the slot offset for DL PRS resource set with respect to SFN0 slot 0


Therefore, there may be 2 options to address this issue.
· Option 1: Change the definition of ‘slot offset’ for DL PRS resource set, that is, the slot offset for DL PRS resource set is with respect to SFN0 slot 0 of HyperFrame 0.
· Option 2: Keep the definition of ‘slot offset’ for DL PRS resource set, that is, the slot offset for DL PRS resource set is still with respect to SFN0 slot 0. And additionally introduce ‘HyperFrame offset’, which defines the HyperFrame offset for SL PRS resource set with respect to HyperFrame 0.
In our view, Option 1 seems simpler and has less impact on the specification. The corresponding specification update for RAN1 is shown in the following TP. 
Proposal 1: 
· Adopt the following TP into TS38.211 regarding DL PRS periodicity larger than 10240ms.
	
< Unchanged parts are omitted >
[bookmark: _Toc29230407][bookmark: _Toc36026666][bookmark: _Toc45107505][bookmark: _Toc51774174][bookmark: _Toc106014865]7.4.1.7.4	Mapping to slots in a downlink PRS resource set
For a downlink PRS resource in a downlink PRS resource set, the UE shall assume the downlink PRS resource being transmitted when the slot and frame numbers fulfil

and one of the following conditions are fulfilled:
-	the higher-layer parameters dl-PRS-MutingOption1 and dl-PRS-MutingOption2 are not provided;
-	the higher-layer parameter dl-PRS-MutingOption1 is provided with bitmap  but dl-PRS-MutingOption2 with bitmap  is not provided, and bit  is set;
-	the higher-layer parameter dl-PRS-MutingOption2 is provided with bitmap  but dl-PRS-MutingOption1 with bitmap  is not provided, and bit  is set;
-	the higher-layer parameters dl-PRS-MutingOption1 with bitmap  and dl-PRS-MutingOption2 with  are both provided, and both bit  and  are set.
where
-	 is bit  in the bitmap given by the higher-layer parameter dl-PRS-MutingOption1 where  is the size of the bitmap; 
-	 is bit  in the bitmap given by the higher-layer parameter dl-PRS-MutingOption2;
-	 is the number of frames within a HyperFrame and  is the HyperFrame index, which are present only if the periodicity  larger than ; 
-	the periodicity  and the slot offset  are given by the higher-layer parameter dl-PRS-Periodicity-and-ResourceSetSlotOffset;
-	the downlink PRS resource slot offset  is given by the higher-layer parameter dl-PRS-ResourceSlotOffset; 
-	the repetition factor  is given by the higher-layer parameter dl-PRS-ResourceRepetitionFactor;
-	the muting repetition factor  is given by the higher-layer parameter dl-PRS-MutingBitRepetitionFactor;
-	the time gap  is given by the higher-layer parameter dl-PRS-ResourceTimeGap;
< Unchanged parts are omitted >


Proposal 2: 
· Adopt the following TP into TS38.214 regarding DL PRS periodicity larger than 10240ms.
	< Unchanged parts are omitted >
[bookmark: _Hlk39646216]-	dl-PRS-Periodicity-and-ResourceSetSlotOffset defines the DL PRS resource periodicity and takes values slots, where for dl-PRS-SubcarrierSpacing=15, 30, 60 and 120 kHz respectively and the slot offset for DL PRS resource set with respect to SFN0 slot 0 of HyperFrame 0. All the DL PRS resources within one DL PRS resource set are configured with the same DL PRS resource periodicity. For <=, the UE does not expect that the product of DL PRS resource periodicity , the higher layer parameter dl-prs-MutingBitRepetitionFactor and the size of the bitmap of dl-PRS-MutingOption1 exceeds , where for dl-PRS-SubcarrierSpacing=15, 30, 60 and 120 kHz respectively. 
< Unchanged parts are omitted >



0. Larger SRS for positioning periodicities


Figure 2 SRS with a period of 20.48s
Similar to DL PRS, corresponding specification update of SRS periodicity larger than 10240ms is shown in the following TP. 
It should be noted that to align with TS38.331, the new added IE ‘periodicityAndOffset-p-Ext’ and ‘periodicityAndOffset-sp-Ext’ are also included in the TP.
	SRS-PeriodicityAndOffset-r16 ::=        CHOICE {
    sl1                                     NULL,
    sl2                                     INTEGER(0..1),
    sl4                                     INTEGER(0..3),
    sl5                                     INTEGER(0..4),
    sl8                                     INTEGER(0..7),
    sl10                                    INTEGER(0..9),
    sl16                                    INTEGER(0..15),
    sl20                                    INTEGER(0..19),
    sl32                                    INTEGER(0..31),
    sl40                                    INTEGER(0..39),
    sl64                                    INTEGER(0..63),
    sl80                                    INTEGER(0..79),
    sl160                                   INTEGER(0..159),
    sl320                                   INTEGER(0..319),
    sl640                                   INTEGER(0..639),
    sl1280                                  INTEGER(0..1279),
    sl2560                                  INTEGER(0..2559),
    sl5120                                  INTEGER(0..5119),
    sl10240                                 INTEGER(0..10239),
    sl40960                                 INTEGER(0..40959),
    sl81920                                 INTEGER(0..81919),
    ...
}

SRS-PeriodicityAndOffsetExt-r16 ::=     CHOICE {
    sl128                                   INTEGER(0..127),
    sl256                                   INTEGER(0..255),
    sl512                                   INTEGER(0..511),
    sl20480                                 INTEGER(0..20479)
}
periodicityAndOffset-p, periodicityAndOffset-p-Ext
Periodicity and slot offset for this SRS resource. All values are in "number of slots". Value sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, sl1280 and sl2560 cannot be configured. For SRS-PosResource, values sl20480, sl40960 and sl81920 cannot be configured for SCS=15kHz, values sl40960 and sl81920 cannot be configured for SCS=30kHz, and value sl81920 cannot be configured for SCS=60kHz.
When periodicityAndOffset-p-Ext is present, periodicityAndOffset-p shall be ignored by the UE.


So, we propose
Proposal 3: 
· Adopt the following TP into TS38.211 regarding SRS for positioning periodicity larger than 10240ms. 
	< Unchanged parts are omitted >


For an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, a periodicity  (in slots) and slot offset  are configured according to the higher-layer parameter periodicityAndOffset-p or periodicityAndOffset-sp in the SRS-Resource IE, or periodicityAndOffset-p or periodicityAndOffset-sp or periodicityAndOffset-p-Ext or periodicityAndOffset-sp-Ext in the SRS-PosResource IE. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying


[bookmark: _Hlk146270874]where  is the number of frames within a HyperFrame and  is the HyperFrame index, which are present only if the periodicity  larger than  for SRS resource configured by SRS-PosResource.
SRS is transmitted as described in clause 11.1 of [5, TS 38.213].
< Unchanged parts are omitted >


Proposal 4: 
· Adopt the following TP into TS38.214 regarding SRS for positioning periodicity description. 
	< Unchanged parts are omitted >
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource configured by SRS-Resource and of type periodic or semi-persistent, periodicityAndOffset-p and periodicityAndOffset-p-Ext or periodicityAndOffset-sp and periodicityAndOffset-sp-Ext for an SRS resource configured by SRS-PosResource and of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet or SRS-PosResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a list of up to four different available slot offset values from the reference slot n + k to the slot where the aperiodic SRS resource set is transmitted where n is the slot with triggering DCI and k is slotOffset, can be configured by the higher layer parameter availableSlotOffsetList. The parameter availableSlotOffsetList can be configured up to 4 different values. For an SRS-PosResourceSet configured with higher layer parameter resourceType set to 'aperiodic', the slot level offset is defined by the higher layer parameter slotOffset for each SRS resource.
< Unchanged parts are omitted >


Conclusion
In this contribution, we discuss remaining issues on LPHAP with the following proposals.
Proposal 1: 
· Adopt the following TP into TS38.211 regarding DL PRS periodicity larger than 10240ms.
	
< Unchanged parts are omitted >
7.4.1.7.4	Mapping to slots in a downlink PRS resource set
For a downlink PRS resource in a downlink PRS resource set, the UE shall assume the downlink PRS resource being transmitted when the slot and frame numbers fulfil

and one of the following conditions are fulfilled:
-	the higher-layer parameters dl-PRS-MutingOption1 and dl-PRS-MutingOption2 are not provided;
-	the higher-layer parameter dl-PRS-MutingOption1 is provided with bitmap  but dl-PRS-MutingOption2 with bitmap  is not provided, and bit  is set;
-	the higher-layer parameter dl-PRS-MutingOption2 is provided with bitmap  but dl-PRS-MutingOption1 with bitmap  is not provided, and bit  is set;
-	the higher-layer parameters dl-PRS-MutingOption1 with bitmap  and dl-PRS-MutingOption2 with  are both provided, and both bit  and  are set.
where
-	 is bit  in the bitmap given by the higher-layer parameter dl-PRS-MutingOption1 where  is the size of the bitmap; 
-	 is bit  in the bitmap given by the higher-layer parameter dl-PRS-MutingOption2;
-	 is the number of frames within a HyperFrame and  is the HyperFrame index, which are present only if the periodicity  larger than ; 
-	the periodicity  and the slot offset  are given by the higher-layer parameter dl-PRS-Periodicity-and-ResourceSetSlotOffset;
-	the downlink PRS resource slot offset  is given by the higher-layer parameter dl-PRS-ResourceSlotOffset; 
-	the repetition factor  is given by the higher-layer parameter dl-PRS-ResourceRepetitionFactor;
-	the muting repetition factor  is given by the higher-layer parameter dl-PRS-MutingBitRepetitionFactor;
-	the time gap  is given by the higher-layer parameter dl-PRS-ResourceTimeGap;
< Unchanged parts are omitted >


Proposal 2: 
· Adopt the following TP into TS38.214 regarding DL PRS periodicity larger than 10240ms.
	< Unchanged parts are omitted >
-	dl-PRS-Periodicity-and-ResourceSetSlotOffset defines the DL PRS resource periodicity and takes values slots, where for dl-PRS-SubcarrierSpacing=15, 30, 60 and 120 kHz respectively and the slot offset for DL PRS resource set with respect to SFN0 slot 0 of HyperFrame 0. All the DL PRS resources within one DL PRS resource set are configured with the same DL PRS resource periodicity. For <=, the UE does not expect that the product of DL PRS resource periodicity , the higher layer parameter dl-prs-MutingBitRepetitionFactor and the size of the bitmap of dl-PRS-MutingOption1 exceeds , where for dl-PRS-SubcarrierSpacing=15, 30, 60 and 120 kHz respectively. 
< Unchanged parts are omitted >


Proposal 3: 
· Adopt the following TP into TS38.211 regarding SRS for positioning periodicity larger than 10240ms. 
	< Unchanged parts are omitted >


For an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, a periodicity  (in slots) and slot offset  are configured according to the higher-layer parameter periodicityAndOffset-p or periodicityAndOffset-sp in the SRS-Resource IE, or periodicityAndOffset-p or periodicityAndOffset-sp or periodicityAndOffset-p-Ext or periodicityAndOffset-sp-Ext in the SRS-PosResource IE. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying


where  is the number of frames within a HyperFrame and  is the HyperFrame index, which are present only if the periodicity  larger than  for SRS resource configured by SRS-PosResource.
SRS is transmitted as described in clause 11.1 of [5, TS 38.213].
< Unchanged parts are omitted >


Proposal 4: 
· Adopt the following TP into TS38.214 regarding SRS for positioning periodicity description. 
	< Unchanged parts are omitted >
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource configured by SRS-Resource and of type periodic or semi-persistent, periodicityAndOffset-p and periodicityAndOffset-p-Ext or periodicityAndOffset-sp and periodicityAndOffset-sp-Ext for an SRS resource configured by SRS-PosResource and of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet or SRS-PosResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a list of up to four different available slot offset values from the reference slot n + k to the slot where the aperiodic SRS resource set is transmitted where n is the slot with triggering DCI and k is slotOffset, can be configured by the higher layer parameter availableSlotOffsetList. The parameter availableSlotOffsetList can be configured up to 4 different values. For an SRS-PosResourceSet configured with higher layer parameter resourceType set to 'aperiodic', the slot level offset is defined by the higher layer parameter slotOffset for each SRS resource.
< Unchanged parts are omitted >


References
[1] RP-223549, “New WID on Expanded and Improved NR Positioning”
[2] Chairman’s notes for 3GPP TSG RAN WG1 Meeting 114
Microsoft_Visio_Drawing.vsdx
0
1
2
3
4
5
6
7
8
9
Paging 
Hyperframe
(PH)
…
T_PRS=2 PHs
SFN
0
1
…
1021
1022
1023
PRS
…



image2.emf
0 1 2 3 4 5 6 7 8 9

Paging 

Hyperframe

(PH)

Ă

SFN 0 1

Ă

1021 1022 1023

SRS

Ă


Microsoft_Visio_Drawing1.vsdx
0
1
2
3
4
5
6
7
8
9
Paging 
Hyperframe
(PH)
…
T_SRS=2 PHs
SFN
0
1
…
1021
1022
1023
SRS
…



image3.wmf
SRS

T


oleObject1.bin

image4.wmf
offset

T


oleObject2.bin

oleObject3.bin

oleObject4.bin

oleObject5.bin

oleObject6.bin

image1.emf
0 1 2 3 4 5 6 7 8 9

Paging 

Hyperframe

(PH)

Ă

SFN 0 1

Ă

1021 1022 1023

PRS

Ă


