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Introduction
In the last RAN1 meeting, remaining issues of low power high accuracy were discussed, and corrections on draft CRs have been approved [1].
In this contribution, we provide our views on the remaining issues of low power high accuracy positioning.

Remaining issues
[bookmark: _Ref31533076]2.1 Larger PRS/SRS periodicities
In RAN1#114 meeting, we have agreed to introduce PRS/SRS periodicities larger than 10.24s and sent an LS to RAN2 asking them to work on specific values and signaling details:
	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.)


In the last RAN1 meeting, the remaining FFS bullet of specification impact on PRS/SRS configuration was discussed in RAN1, but no consensus was reached as companies preferred to wait for RAN2’s progress on the signaling design. 
In the last RAN2 meeting, however, RAN2 sent an LS back to RAN1 that RAN2 do not have enough information to define the signaling and ask RAN1 to provide new values of PRS/SRS periodicities in the RRC parameter list. Therefore, we think that this issue should be resolved in RAN1 in this meeting.
In this Release, use case #6 defined in TS 22.104 has been captured as the objective for LPHAP in the WID, which corresponds to tracking of workpiece (in- and outdoor) in assembly area and warehouse with a target accuracy of <1m, a positioning interval of 15-30 seconds, and a battery life of 6-12 months. Since the positioning interval is required to be 15~30 seconds, in this sense, supporting the periodicity of 20480 ms is sufficient for LPHAP. 
Observation 1: Since the requirement of positioning interval of use case 6 is defined as 15~30 seconds, it is sufficient to support the periodicity of 20480 ms, and no need to consider other larger values.
To support the periodicity of 20480 ms, one alternative is that following the legacy mechanism to configure NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16, SRS-PeriodicityAndOffse-r16, i.e., the candidate values reuse that defined in R16 with largest periodicity of 10240 ms, and an additional indication can be introduced in the higher layer signaling to indicate that the PRS/SRS resources are in the odd or even hyper frame. In such a case, the mapping to physical slot operation in TS 38.211 can be reused as much as possible.


Figure 1: Illustration of periodicity configuration of larger than 10240 ms.
Proposal 1: To support the PRS/SRS periodicity of 20480 ms, introduce an indication field in the higher layer signaling to indicate the PRS or SRS transmissions in the odd or even hyper frame.
· Note: Reuse the candidate values defined in NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16, SRS-PeriodicityAndOffse-r16.
In addition, another alternative is to introduce larger candidate values in the configuration IE  NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16, SRS-PeriodicityAndOffse-r16. Note that in the current TS 38.211, the PRS/SRS slot configuration can only represent RS slot configuration within 10240 ms. By introducing new values of RPS/SRS periodicities, the PRS/SRS slot configuration in TS 38.211 should be revised accordingly. To extend the mapping equation, hyper SFN information, configured by higher layer parameter, can be introduced. For PRS slot configuration, the formula can be updated as:

Similarly, for SRS slot configuration, the formula can be updated as:

where  is the period of hyper SFN,  is the hyper SFN index.
Proposal 2: To introduce new values larger than 10240 ms for PRS and/or SRS periodicity,
· For PRS slot configuration, the formula can be updated as:

· For SRS slot configuration, the formula can be updated as:

[bookmark: _Hlk146543765]where  is the period of hyper SFN,  is the hyper SFN index, which is provided by higher layer signalling.
Based on the above discussion, if new values are introduced for PRS or SRS periodicity, the PRS/SRS slot configuration in TS 38.211 should be revise. Therefore, we propose the following updates to the CR [2].
Proposal 3: Adopt the following TP for TS 38.211 Clause 7.4.1.7.4:
	Reasons for change
	Corrections on mapping to slots in a downlink PRS resource set when PRS periodicity is larger than 10240 ms.

	Summary of change
	Add hyper SFN information to the mapping to slots equation in TS 38.211 for periodicities larger than 10240 ms.

	Consequences if not approved
	The mapping to slots equation for PRS cannot support slot configuration with periodicities larger than 10240 ms.

	Text proposal
	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;
-	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;
where  is the period of hyper SFN,  is the hyper SFN index, which are present if  larger than  slots are configured. For a downlink PRS resource in a downlink PRS resource set configured for RTT-based propagation delay compensation, the UE shall assume the downlink PRS resource being transmitted as described in clause 9 of [6, TS 38.214]; otherwise, the UE shall assume the downlink PRS resource being transmitted as described in clause 5.1.6.5 of [6, TS 38.214].



Proposal 4: Adopt the following TP for TS 38.211 Clause 6.4.1.4.4:
	Reasons for change
	Corrections on mapping to slots in a downlink SRS resource set when SRS periodicity is larger than 10240 ms.

	Summary of change
	Add hyper SFN information to the mapping to slots equation in TS 38.211 for periodicities larger than 10240 ms.

	Consequences if not approved
	The mapping to slots equation for SRS cannot support slot configuration with periodicities larger than 10240 ms.

	Text proposal
	6.4.1.4.4              Sounding reference signal slot configuration


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 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 in a hyper frame,  is the hyper frame index, which are present if  larger than  slots are configured. SRS is transmitted as described in clause 11.1 of [5, TS 38.213].




2.2 Higher layer parameter of NCD-SSB
In RAN1#114 meeting, the following conclusion was achieved:
	Conclusion
For power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, UE can be configured with a CD-SSB as the pathloss RS, or with a CD-SSB or NCD-SSB at least for RedCap UE as the pathloss RS. No specification impact is expected from RAN1 perspective.


It is noted that the existing configuration of NCD-SSB for Redcap UEs is via dedicated signalling, and for LPHAP, such signalling should be included in RRCRelease so that Redcap UEs can support NCD-SSB in RRC_INACTIVE. From this perspective, we propose to add corresponding field in the RRC parameter list.
Proposal 5: Add the following RRC parameter.
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	Required for initial access or IDLE/INACTIVE
	Specification
	Comment

	ncd-SSB-RedCapInitialBWP-pos
	Existing
	
	For power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, NCD-SSB can be configured for RedCap UEs as the pathloss RS.
	Ref. 38.331
	
	In RRCRelease

	Yes, but UE-specific

	38.331
	Conclusion
For power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, UE can be configured with a CD-SSB as the pathloss RS, or with a CD-SSB or NCD-SSB at least for RedCap UE as the pathloss RS. No specification impact is expected from RAN1 perspective.




2.3 TA adjustment
In RAN1#113 meeting, RAN1 sent an LS to RAN4 asking the feasibility of UE autonomous TA adjustment at cell reselection for SRS transmission in multiple cells, as well as the necessary condition and UE behavior. In the last meetings, RAN4 has confirmed the feasibility of the autonomous TA adjustment, and the following condition and UE behavior has been further agreed:
· If the DL timing difference is ≥ CP/4, UE autonomously adjusts the TA based on twice of the DL timing difference.
· If the DL timing difference is < CP/4, UE follows the DL timing of the new camping cell by performing gradual timing adjustment as defined in clause 7.1.2.1 TS 38.133.
During the discussion in the last RAN1 meeting, an issue has been identified when UE is allowed to adjust its TA. When UE adjusts its TA by 2 times of RSTD, as it locates closer to the new camping cell than the old camping cell, the RSTD values is positive, and by subtracting a positive value, the adjusted new TA becomes smaller. With the increase of the number of cell-reselection times, the TA value keep decreasing, which may cause potential UL interference. As illustrated in the following figure, assuming that a UE is released by Cell A with the indicated TA value of 20, then the UE moves from Cell A to Cell B, and then back to the original location at Cell A. In this case, the correct value of TA_3 should be the same as TA_1, however, as aforementioned, with the accumulative errors of subtracting positive RSTD values, the adjusted TA_3 becomes 0.


To solve the issue, we suggest allowing the network to control the total number of TA autonomous adjustment. The most straightforward solution is to allow the UE to adjust the TA for only 1 time in the validity area, if the UE is enabled for autonomous TA adjustment at cell reselection.
Proposal 6: If autonomous TA adjustment at cell reselection is enabled by the network, UE is allowed to adjust the TA for 1 time in the validity area.

Conclusions
In this contribution, we provide our views on remaining issues of LPHAP, and the following proposals are made:
Observation 1: Since the requirement of positioning interval of use case 6 is defined as 15~30 seconds, it is sufficient to support the periodicity of 20480 ms, and no need to consider other larger values.

Proposal 1: To support the PRS/SRS periodicity of 20480 ms, introduce an indication field in the higher layer signaling to indicate the PRS or SRS transmissions in the odd or even hyper frame.
· Note: Reuse the candidate values defined in NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16, SRS-PeriodicityAndOffse-r16.
Proposal 2: To introduce new values larger than 10240 ms for PRS and/or SRS periodicity,
· For PRS slot configuration, the formula can be updated as:

· For SRS slot configuration, the formula can be updated as:

where  is the period of hyper SFN,  is the hyper SFN index, which is provided by higher layer signalling.
Proposal 3: Adopt the following TP for TS 38.211 Clause 7.4.1.7.4:
	Reasons for change
	Corrections on mapping to slots in a downlink PRS resource set when PRS periodicity is larger than 10240 ms.

	Summary of change
	Add hyper SFN information to the mapping to slots equation in TS 38.211 for periodicities larger than 10240 ms.

	Consequences if not approved
	The mapping to slots equation for PRS cannot support slot configuration with periodicities larger than 10240 ms.

	Text proposal
	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;
-	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;
where  is the period of hyper SFN,  is the hyper SFN index, which are present if  larger than  slots are configured. For a downlink PRS resource in a downlink PRS resource set configured for RTT-based propagation delay compensation, the UE shall assume the downlink PRS resource being transmitted as described in clause 9 of [6, TS 38.214]; otherwise, the UE shall assume the downlink PRS resource being transmitted as described in clause 5.1.6.5 of [6, TS 38.214].



Proposal 4: Adopt the following TP for TS 38.211 Clause 6.4.1.4.4:
	Reasons for change
	Corrections on mapping to slots in a downlink SRS resource set when SRS periodicity is larger than 10240 ms.

	Summary of change
	Add hyper SFN information to the mapping to slots equation in TS 38.211 for periodicities larger than 10240 ms.

	Consequences if not approved
	The mapping to slots equation for SRS cannot support slot configuration with periodicities larger than 10240 ms.

	Text proposal
	6.4.1.4.4              Sounding reference signal slot configuration


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 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 in a hyper frame,  is the hyper frame index, which are present if  larger than  slots are configured. SRS is transmitted as described in clause 11.1 of [5, TS 38.213].



Proposal 5: Add the following RRC parameter.
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	Required for initial access or IDLE/INACTIVE
	Specification
	Comment

	ncd-SSB-RedCapInitialBWP-pos
	Existing
	
	For power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, NCD-SSB can be configured for RedCap UEs as the pathloss RS.
	Ref. 38.331
	
	In RRCRelease

	Yes, but UE-specific

	38.331
	Conclusion
For power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, UE can be configured with a CD-SSB as the pathloss RS, or with a CD-SSB or NCD-SSB at least for RedCap UE as the pathloss RS. No specification impact is expected from RAN1 perspective.



Proposal 6: If autonomous TA adjustment at cell reselection is enabled by the network, UE is allowed to adjust the TA for 1 time in the validity area.
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