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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: _Hlk51762863]We have received an LS from R1-2007264[1] indicated:
	RAN WG1 evaluates physical layer latency and its potential reduction for NR Rel-17 positioning solutions. In order to evaluate End-To-End latency of NR positioning solutions the input from RAN WG2 is needed on latency components of NR/NG-RAN/5GC higher layer positioning protocols. RAN WG1 respectfully asks if RAN WG2 can provide a list of latency components with corresponding range of values for the existing and any potential enhanced NR positioning solutions, keeping in mind the End-To-End latency described as desired in the study item description (RP-200928[2])


While in the RP-200928[2], it is defined:
	[bookmark: _Hlk51762921]To address the higher accuracy location requirements resulting from new applications and industry verticals, NR Positioning in Rel-17 should evaluate and specify enhancements and solutions to meet the following exemplary performance targets:
(a) For general commercial use cases (e.g., TS 22.261):
		- sub-meter level position accuracy (< 1 m)
(b) For IIoT Use Cases (e.g., 22.804):
		- position accuracy < 0.2 m
The target latency requirement is < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired. 

For the evaluation of solutions, the Rel-16 scenarios and channel models in TR 38.855 are reused where applicable, and additional scenarios for IIoT use cases should be defined.



To achieve the requirement, enhancement is needed to improve positioning performance for positioning.
In this contribution, we present our views on potential positioning enhancements.
1. Discussion
Aperiodic PRS
Reconfiguration PRS by LMF 
In 8.12.3.2 from TS 38.305 [3], for DL TDOA positioning, the procedure between LMF and gNB only supports the gNB to provide assistance data to the LMF. It doesn't support the LMF to update the PRS configuration information. The procedure is illustrated in Figure 1.


[bookmark: _Ref40196156]Figure 1 LMF-initiated Assistance Data Delivery Procedure
Even many configurations such as the muting pattern, repetition factor, and frequency layer are defined in Rel-16, the LMF still cannot dynamically change these configurations according to the demand because the LMF update procedure to gNB isn’t supported. It will lead to the failure of positioning or measurement. For example, the PRS collision is changed and new interference will be generated because of the drifting of network sync or adding new BS, which maybe lead to the failure of positioning or measurement. 
Also for on-demand PRS mentioned in R2-2009040 [4],on-demand PRS can be configured by LMF in case of LMF initiated PRS and when LMF decide PRS configurations and inform multiple gNBs.


Figure 2 on-demand PRS initiated by LMF
[bookmark: p5]Proposal 1:PRS can be configured by LMF.
Aperiodic positioning measurement report
In current specification TS37.355 [3], there are several reporting methods as below:
· Periodical reporting. The UE may provide periodic location information reports with the same time interval between two consecutive reports. The interval also indicates the response time requirement for the first location information report. The UE report amounts of 1, 2, 4, 8, 16, 32, 64, or infinite/indefinite number and report intervals of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds. 
· Triggered reporting. Triggered reporting is only applicable for ECID. The UE provides requested location information each time the primary cell has changed.
· Immediately reporting. For immediately reporting, the high layer parameter responseTime field indicates the maximum response time as measured between receipt of the RequestLocationInformation and the transmission of a ProvideLocationInformation. the value of responseTime is between 1 and 128 units, the units are 1 second or 10-seconds.
In Rel-17, the target latency requirement is < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired. The target latency can’t be achieved considering the minimum latency is 1s in the current specification.
If the PRS update procedure initiated by LMF is supported, LMF can also help gNB to avoid interference, considering that only LMF knows all the configuration of the neighboring cells. Besides that, the low latency requirement (<10ms) cannot be reached only by the periodic PRS. We would like to support the reconfiguration PRS by LMF for latency.
Therefore, firstly, we think that a finer granularity of the response time for UE can be introduced, so we propose:
[bookmark: p10]Proposal 2:Introduce 10 ms level granularity for the response time and reporting intervals in CommonIEsRequestLocationInformation.
In addition to the above 3 reporting methods, in order to meet the requirement of low latency, aperiodic reporting should be considered. For example, when a UE is configured to provide periodic location information reports, the LMF can maintain the location information reported by the UE in every period. However, if the period is large, once it receives an urgent positioning request, the LMF has to wait for the next periodic location report to obtain positioning information or response immediately with previous positioning information, either increase latency or loss accuracy. Aperiodic reporting may be a solution to this problem. Compared with immediately reporting, the latency of aperiodic reporting in the physical layer is shorter; in addition, aperiodic reporting can be used together with other reporting methods such as periodic reporting, while for immediately reporting method, it cannot be used together with periodic reporting according to current specification. Therefore, to respond to positioning information in time, aperiodic positioning report for NR positioning enhancement should be considered. 
Similar to aperiodic SRS triggering for positioning, for aperiodic positioning report, the LMF may send signaling to indicate the serving gNB with aperiodic report request. Then the gNB triggers aperiodic report via signaling such as DCI. However, unlike aperiodic SRS, the triggering of aperiodic positioning report only involves the signaling interaction between the UE, the serving gNB, and the LMF. It does not involve the interaction with neighboring gNBs, so that from the perspective of signaling latency, aperiodic positioning reporting may be feasible.
Therefore, we propose to support aperiod PRS.
[bookmark: p11]


Figure3 A-periodic PRS
· Step1: LMF inform gNB the updated PRS configuraions whenever it wants to start location information fetching procedure.Confgiuraion to gNB and request to UE can be sent at the same time so that to save the time of measurement and UE doesn’t need to wait for PRS period.
· Step2: gNB immediately start to delivery PRS and doesn’t wait for PRS period.
· Step3: LMF send location request to UE.
· Step4: UE measure the PRS and provide location information to LMF.
Observation 1: Aperiodic positioning measurement report can improve positioning latency.
As we metioned in the above discussion, physical layer latency is calculated by RAN1.
In R1-2007665[5], it is calculated the latency of DL-TDOA is 64ms,among which step6 can be saved if we use aperiodic and on-demand PRS other than period PRS.Therefore about 20ms can be saved for lantecy.
Table 1 the latency component and values range for step 6 of Rel-16 positioning technique and NR enhancement with Aperiodic PRS
	[Case 7], [IIoT/ Commercial], [Frequency Band], [DL-TDOA/AoD VS Aperiodic PRS]

Source [UE]/Destination [UE]
Positioning technique [DL-TDOA/AoD], type [DL], mode [UE-B], 
Initial and Final RRC States [IDLE, INACTIVE, CONNECTED]

	Latency Component
	Rel-16 positioning technique
Value Range
(ms)
	NR enhancement with on-demand PRS/Aperiodic PRS
	Description of Latency Component of NR enhancement with Aperiodic PRS

	6: DL measurement &process delay.

	[22~11514]

Or 
[646~328960]
	2.5-34.5
	· Dynamic Scheduling latency
· Transmission of the PDCCH from the gNB carrying activate aperiodic/on-demand PRS message. Which value less than the DL/UL data transmission time, including  ,  and and smaller than 0.5ms.
· Scheduling offset(TSlot offset)
· The slot offset can be 0-32 slots if the scheduling offset of SRS and PRS are consistent
· Process delay is assumed as 2ms 



Observation 2: DL measurement &process delay will be reduced by On-demand/Aperiodic PRS, and the physical layer latency is reduced by nearly 20ms.
Proposal 3:Aperiodic positioning measurement report can be considered in Rel-17.
Aperiodic SRS
A- SRS 
As know as everyone, aperiod can help to reduce latency. And SRS includes period, semi-persistent, aperoid. It is worth to study how to realize the A-SRS on time.
In R16，we have considered how to announce neighbouring cell to measure A-SRS on time. But there is no conclusion for it, so we suggest reconsider it in R17.For example LMF recommend serving and neighbor gNB with the SRS configuraions and SRS is active by MAC CE.Xn interation may need between serving gNB and neighbor gNB.


Figure 3 Aperiod SRS
· Step 1 LMF recommend the related gNBs with the SRS configuration.
· Step 2 UE is configured by serving gNB configure
· Step 3 LMF inform neighbor gNB to start reiceibing SRS..
· Step 4 LMF inform serving gNB to active SRS.
· Step 5 UE SRS is activated by MAC CE.
· Step 6 UE start to send SRS
· Step 7 Neigbor gNB receives the SRS send from UE.
Proposal 4: How to announce neighbouring cell to measure A-SRS on time should be reconsidered in Rel-17.
Preallocated uplink grant
Preallocated uplink grant
Grant Free UL Transmission enables reduce UL transmission delays and achieve URLLC Reliability targets. For low latency and reliability requirements, it is required to support UL GF transmission with multiple repetitions (i.e. UL data transmission without scheduling request).
If this procedure can be used for PRS period reporting, then signals and multiple configuration latency can be saved. And this pre-allocated grant should adapt to the PRS period, so the best latency result is performed.


Figure 2 configured grant resource adapt PRS repetition period
This configured grant can be defined as positioning use only uplink resources. CG need adopt the positioning window, but gNB doesn't know the offset or the timing of the completed positioning measurement/calculation. So, a new type or separate CG for positioning need to be introduced
Therefore pre-allocated uplink grant should be studied for R17 latency requirement. MAC CE signaling and procedure can be studied by RAN2 and configure grant format can be studied by RAN1.
Proposal 5: Grant-free UL transmission can be used to adapt the PRS period and positioning specific configured grant should be introduced in Rel-17.
Latency of idle/inactive
Email discussion for latency of RAN is concluded in[6],where we defined only UE, gNB,AMF and LMF interactions should be considered for latency analysis.So data transmission between UE and gNB is an most important part for latency analysis. If we only performed positioning when UE in the connection mode,whenever UE need positioning service it need enter connection mode first, which will cost 75-205ms according to the table below.
The latency of the initial access as below:
                        Table 1  latancy of initial access
	Initial connection procedure
	
	The latency

	SSB
	
	20ms

	SIB
	
	20ms

	PRACH
	
	10ms-160ms

	RAR
	
	10ms

	Msg3
	
	5ms+

	Msg4
	
	5ms+

	Msg5
	
	5ms+


If we support idle/inactive positioning process as metiond in R2-2009041[7]UE doesn’t need enter connection mode and positioning report can be sent by EarlyDataReqest or RRCResume, which will save more than 10ms(double 5ms+) for postioning latency.
Proposal 6：Positioning handling in RRC IDLE and INACTIVE will improve latency for UE-based postioning measurement.
2. Conclusion
Based on the discussion in section 2, we propose the following:
Proposal 1:PRS can be configured by LMF.
Proposal 2: Introduce 10 ms level granularity for the response time and reporting intervals in CommonIEsRequestLocationInformation.
Observation 1: Aperiodic and on-demand positioning measurement report can improve positioning latency.
Observation 2: DL measurement &process delay will be reduced by On-demand/Aperiodic PRS, and the physical layer latency is reduced by nearly 20ms.
Proposal 3: Aperiodic positioning measurement report can be considered in Rel-17.
Proposal 4: How to announce neighbouring cell to measure A-SRS on time should be reconsidered in Rel-17.
Proposal 5: Grant-free UL transmission can be used to adapt the PRS period and positioning specific configured grant should be introduced in Rel-17.
[bookmark: _GoBack]Proposal 6：Positioning handling in RRC IDLE and INACTIVE will improve latency for UE-based postioning measurement.
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