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[bookmark: _Hlk53665621]In the RAN#91e meeting, the work item on NR Positioning Enhancements RP-210903[1] was approved. From the latency reduction perspective, the WI includes the following objective:
	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]


In RAN1#103e meeting, the requirements of Rel-17 positioning were agreed as follows, where the physical layer latency requirement is <10ms.
	Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs
· End-to-end latency for position estimation of UE (< 100 ms)
· Physical layer latency for position estimation of UE (< 10 ms)
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< 0.2 m) for 90% of UEs 
· Vertical position accuracy (< 1 m) for 90% of UEs 
· End-to-end latency for position estimation of UE (< 100ms, in the order of 10 ms is desired)
· Physical layer latency for position estimation of UE (<10ms)
· Note 1: Target positioning requirements may not necessarily be reached for all scenarios and deployments
· Note 2: For some scenarios the requirement for Horizontal position accuracy can be relaxed to < 0.5 m in IIoT use cases.
· Note 3: All positioning techniques may not achieve the target positioning requirements over all scenarios


And the definition of physical layer latency start- and end- time was agreed as follows
	Method
	Start
	End

	UE assisted DL-only & DL-ECID & Multi-RTT
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message 

	UL-only method & UL ECID & Multi-RTT
	Reception by the gNB of the NRPPa measurement request message
	The transmission by the gNB of the NRPPa measurement response message

	UE-based
	· Alt. 1: transmission of the PUSCH carrying the MG Request from the UE.
· Alt. 2: Transmission of the PDSCH from the gNB carrying the LPP message containing the assistance data
· Alt. 3: Start of the Reception of DL PRS

	Successful decoding of the PUSCH at gNB carrying the LPP Provide Location Information message if applicable, otherwise Calculation of Location Estimate at the UE
 


In this contribution, we present our views on latency reduction from RAN1 perspective.
PRS measurement with MG-based enhancement
In RAN1#106bis-e [2] and RAN4#100-e meeting [3], the following agreements were reached with respect to MG-based enhancement.
	Agreement:
Support the following options (in the agreement made in RAN1#106-e) for a new mechanism of MG activation request for the purpose of positioning.
· Option 2: by UE ( UL MAC CE)
· Select only one of UCI and UL MAC CE in RAN1#106bis-e
· Option 1: by LMF (via an NRPPa message)
· Note: This is transparent to the UE
Agreement:
Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB for the purpose of positioning.
· Option 2: DL MAC CE
· FFS: Deactivation process
Agreement:
· With regards to UE determining the PRS priority with other DL signal/channels within the PRS processing window for PRS measurement outside MG, support the priority indicated by gNB.
· FFS: What are the other DL signals/channels
· With regards to the PRS processing window for PRS measurement outside MG, at least support the window indicated by gNB.

[Agreement]:
· Pre-configured MG(s) are configured per UE or per FR and cannot be changed after BWP switching
· All existing MG patterns #0~25 in Rel-16 are applicable for the pre-configured MG
· The common configuration parameters of pre-configured MG (e.g. MGRP, MGL, etc) are the same as those of Rel-16 legacy MG. The pre-configured MG can be configured in way similar to the configuration of the Rel-16 legacy MGs
· The RRC parameter(s) used to differentiate pre-configured MG with the legacy MG are needed when pre-configured MG is being configured 
· The exact signalling can be designed by RAN2 
[Agreement]:
· The pre-configured MG activation/deactivation is triggered by the DCI/Timer based BWP switch 
· FFS if additional conditions for pre-configured MG activation/deactivation shall be considered 
· NW can control activation/deactivation of pre-configured MG 
· RRC-based activation/deactivation method is supported. 
· Network can indicate active/deactive status per BWP
· Details of signalling are FFS.
· FFS if MAC CE based activation/deactivation method is supported
· Additional explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided
· UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms can be further discussed
· Status of pre-configured MG is not fixed after RRC configuration
· FFS: how UE determines the status (active/deactive)



Pre-configured MG
Firstly, we compare the pros and cons for option A  (Without the pre-configured MG case) and option B (With the pre-configured MG case) in the following Table 1 to evaluate whether the pre-configured MG is needed.
· Option A (Without pre-configured MG case): 
· The MG request includes the time/frequency characteristics (ie, periodicity/offset per frequency layer) of PRS 
· The MG configuration includes all the information of MeasGapConfig (i.e. gap offset, MGL, MG periodicity, and gap Type, etc.).
· Option B (With pre-configured MG case): 
· The MG request includes the activated/deactivated indication 
· The MG configuration includes the activated/deactivated indication
Table 1 The pros and cons contrast between option 1-A and option 1-B
	
	Pros
	 Cons

	Option A: MAC CE request and activation without pre-configuration MG
	1. Without pre-configured MG
2.  Less signaling needed 
	1. Large overhead for MG request
2. Large overhead for MG activation
3. Low flexibility to activated /deactivated

	Option B: RRC configuration and MAC CE request/ activation

	1. High flexibility. Pre-MG can be activated/deactivated base on needs
2. Similar to the pre-configured MG for other use cases
3. Low overhead for MG activation/request (e.g only including pre-configure ID, or 1bit activation information)
	1. More additional signaling is needed to be introduced, for example, pre-configured MG, MG request and MG activation.




It is easily found that even though more additional signaling is needed for option B, option B has more benefits than option A, such as higher flexibility and lower overhead for MG request and activation/deactivation. For example, without pre-configured MG, the time/frequency information of PRS is always needed to be transmitted for each UE and each positioning occasion from LMF for the NRPPa request case. And each MG activation information will carry all the MG configuration information. However, for option B, the time/frequency information of PRS only needs to be transmitted once for pre-configured MG. Even in broadcast cases, the time/frequency information of PRS may only be needed to be transmitted once for all the UE in a cell given PRS is the cell-specific signal. In addition, from the perspective of activation signaling, only 1bit (e.g. activated/deactivated indication) is needed for option B to activate and request.
Besides, we would like to note that if there is no preconfigured MG is introduced, the MG enhancement for positioning will be different from other use cases since the pre-configured MG has to be supported in RAN4#100-e meeting [3]. And Based on the contribution ([4]R4-2115340) WF on R17 NR MG enhancements – Pre-configured MG, we think the pre-configured MG can be supported.
	Agreements in the 2nd round
Whether can the pre-MG be used for PRS measurement?
· It is feasible to config Pre-MG for PRS measurements. 
· The exact configuration of Pre-MG used for PRS measurement can be FFS 
· FFS on whether UE assumes the Pre-MG is always activated 
· FFS if UE should always indicate serving cell about the PRS measurement when it is configured with pre-MG.
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for PRS measurement



So, the following observation and proposal are made.
Observation 1: [bookmark: _Hlk86855013]
· With pre-configured MG, MG request and MG activation will be more flexible and the overhead will be smaller.
Proposal 1: [bookmark: _Hlk86855020]
· The pre-configured MG should be transmitted to UE by RRC signaling, and include the following information.
· The common configuration parameters (e.g. MGRP, MGL, etc.)
· Initial status of pre-configured MG: activated, deactivated
· The pre-configured ID can be supported for indicating one of multiple pre-configured MG, or indicating a positioning MG
MG request
Based on the support of pre-configured MG, we prefer to only include one bit indicating the activated/deactivated pre-configured MG in MAC CE MG request signaling.
Proposal 2: [bookmark: _Hlk86855027]
· With pre-configured MG, MG request only includes the activation/deactivation indication 
Besides, we would like to note that supporting NRPPa Request location information and NRPPa MG request are similar in terms of specification work. So, we support including NRPPa MG request in NRPPa Request location information, which simplifies the coordination of NRPPa messages and LPP messages (i.e., the LPP request location information should be transmitted paralleled or after NRPPa MG request messages), and reduces more latency.
So, we propose
Proposal 3: [bookmark: _Hlk86855044]
· The MG request including the activated/deactivated indication by the LMF can be transmitted in the NRPPa Request location information (via a UE-associated NRPPa message).
MG request mechanisms selection
In the latest meeting, two new mechanisms to request MG were introduced in last RAN1 meeting:
· Requested by UE via UL MAC CE
· Requested by LMF via an NRPPa message
With the above enhancement, the latency can be further reduced for DL positioning. However, for the MG requested by LMF, the UE is not aware of the procedure and may request another MG before the UE gets the MG configuration. To avoid duplicated MG request from both LMF and UE, in the section, we provided two ways to avoid the duplication
· Option 1: The LMF indicates UE whether the LMF request MG by NRPPa
· When the LMF indicates that the LMF doesn’t request MG, the UE may request the MG by UL MAC CE or RRC message in implementation. Otherwise, the UE will start a timer, and the MG request will be transmitted by MAC CE or RRC if the MG activation message has not been received when a timer expires.
· Option 2: Guarantee the MG activation is not later than the time when the location request is received
· E.g. MG activation should be included in the lower layer location request information. That is, both MG activation and location request are controlled by gNB, and then the MG activation is not later than the time when the location request is received.
Proposal 4: [bookmark: _Hlk86855054]
· To select one of the following options for avoiding duplicated MG request from both LMF and UE
· The LMF indicate whether the LMF request MG by NRPPa when LMF send the LPP RequestLocationInformation message to the UE.
· Guarantee the MG activation is not later than the time when the location request is received 
MG activation/deactivation 
If pre-configured MG is not supported, the content of MG activation is similar to the Rel-16 MG configuration information, which should include all the information of MeasGapConfig (i.e. gap offset, MGL, MG periodicity, and gap Type, etc.). However, when pre-configured MG is supported, the content of MG activation can only include the activation/deactivation indication in lower-layer signaling. So, considering the overhead and flexibility of activation signaling, only including the activation/deactivation indication in MG activation is preferred 
MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START
 MeasGapConfig ::=                   SEQUENCE {
    gapFR2                      SetupRelease { GapConfig }         OPTIONAL,   -- Need M
      ...,
    [[
    gapFR1                     SetupRelease { GapConfig }           OPTIONAL,   -- Need M
    gapUE                      SetupRelease { GapConfig }           OPTIONAL    -- Need M
      ]]
}
 GapConfig ::=                       SEQUENCE {
    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex           OPTIONAL,   -- Cond AsyncCA                                  
    mgl-r16                             ENUMERATED {ms10, ms20}    OPTIONAL    -- Cond PRS                                         
    ]]
}
Considering the latency reduction, the MG activation via MAC CE only includes the activation, and deactivation indication is preferred. 
Proposal 5: [bookmark: _Hlk83721022]
· [bookmark: _Hlk83887209]With preconfigured MG, the MG activation via MAC CE only includes activation and deactivation indications.
· FFS pre-configured MG indication for indicating one of multiple pre-configured MG and/or indicating a positioning MG
NRPPa enhancement for MG-based enhancement
In the section, we will further discuss the NRPPa enhancement for pre-configured MG and MG request by NRPPa. That is, gNB is not aware of which UE will perform DL-PRS measurement in where so that the MG is not properly allocated. So, the critical enhancement for NRPPa is making serving gNB knows in advance the time/frequency domain characteristics of PRS. And then the pre-configured MG configuration and MG activation can be indicated by gNB appropriately. The potential procedure is provided as follows. 
Pre-configured MG
Step 1: The time/frequency characteristics (i.e., periodicity/offset information, and frequency layer information) of PRS can be transmitted in NRPPa information 
Step 2: The Pre-configured MG can be configured by gNB based on the assistance information (e.g. The time/frequency characteristics of PRS)
Step 3:  Transmitted the pre-configured parameters of pre-configured MG (e.g. MGRP, MGL, etc.) to LMF/UE from gNB
· Common parameter of pre-configured MG, e.g., MGL, MG periodicity
· FFS: Initial status of pre-configured MG: activated, deactivated.
Step 4a:  The pre-configured MG can be requested by LMF 
· The signaling may include activated, deactivated
Step 4b:  The pre-configured MG can be activated by gNB 
· The signaling may include activated, deactivated

 


Figure 1 NRPPa enhancement for pre-configured MG
MG enhancement without pre-configuration
Step 1: The time/frequency characteristics (i.e., periodicity/offset information, and frequency layer information) of PRS can be transmitted in UE-associated NRPPa information 
· I.e., UE-associated NRPPa information for MG request can be transmitted paralleled with/around that time of LPP location request transmission, or included in NRPPa request location information. And we prefer to split the current LPP location into UE associated NRPPa information which can carry the time/frequency information of PRS and low layer signaling for maximized latency reduction;
Step 2: The MG can be configured by gNB based on the assistance information (e.g. The time/frequency characteristics of PRS)
Step 3:  The MG can be activated and configured by MAC CE to UE
· The signaling may include gap offset, MGL, and MG periodicity



Figure 2 NRPPa enhancement for MG without pre-configuration
So, it can be observed that regardless of pre-configured MG or MG request by NRPPa, PRS information needs to be known for gNB in advance. That is, the time/frequency characteristics (i.e., periodicity/offset for time-domain per frequency layer) of PRS (ie, MG request) should be in NRPPa information (ie. NRPPa request location information) since it can configure appropriate MG before receiving request location information and reducing the latency of request location information.
Observation 2: [bookmark: _Hlk86855078]
· For the purpose of positioning latency reduction, MG request from LMF (option 1) is better for latency reduction if the time/frequency characteristics (i.e., periodicity/offset, and/or frequency layer information) of PRS (i.e., MG request) can be in NRPPa request location information.
Proposal 6: [bookmark: _Hlk86855088]
· Before MG or pre-configured MG configuration, the time/frequency characteristics (i.e., periodicity/offset and/or frequency layer information) of PRS should be transmitted to gNB in advance.
PRS measurement with MG-less enhancement
	Agreement:
· Further study the following options (with the same numerology) to support PRS measurement without MGs for latency reduction in Rel-17
· Option 1: The PRS is from the serving cell and UE measurement is inside the active DL BWP 
· Option 2: The PRS can be from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP 
· Option 3: The PRS (from the serving cell or non-serving cell) used for UE measurement may extend outside or be completely outside the active DL BWP (including with potentially a different numerology) 
· Note: RAN1 strives not to increase the PRS measurement time compared with Rel-16 MG-based measurement
· The following aspects are FFS
· [bookmark: OLE_LINK1]PRS processing prioritization window
· Mechanism to trigger UE DL PRS measurements and report 
· UE/gNB assumptions on processing of DL PRS and other DL physical channels / signals
· UE DL PRS processing capabilities
· Note: Companies are encouraged to compare the latency benefits of introducing MG-less PRS measurements over MG-based PRS measurements
· Note: Depending on the comparison of latency benefits (and other considerations such as complexity) between introducing MG-less PRS measurements and MG-based PRS measurements, none/one/multiple of the above options should be adopted in Rel-17.
Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window
· A UE shall be able to declare a PRS processing capability outside MG.
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)
· For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
· Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
· Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.



The Principles for MG-less measurement 
Before discussing the detailed solution, we would like to discuss the FFS first as following, because we think it is related to the working principles
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
For us, we don’t think UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period. In our view, if UE is not configured with an MG and has a capability to measure outside the MG, and active BWP is enough to achieve the requirement, then UE only performs PRS measurement outside MG. Otherwise, if UE is configured with an MG or ready to request an MG for measurement, the UE only performs PRS measurement within MG.
So, the measurement principle is proposed as following
Proposal 7: [bookmark: _Hlk83721396]
· UE is not expected to perform the measurement outside MG if MG is requested or configured.
In addition, if MG is not configured for a UE and with the capability to measure outside MG, we propose how to decide to do the measurement inside MG or outside MG should be decided by UE itself since UE knows the requirement, PRS configuration, BWP configuration. 
Proposal 8: [bookmark: _Hlk83721414]
· When MG is not configured, subject to UE capability, whether to request MG or perform PRS outside MG is decided by UE itself
· if the overlapping bandwidth of active BWP and PRS can satisfy the performance requirement, UE measurement can be inside the active BWP. Otherwise, the UE can request MG(s) or BWP switching.
The remaining issue for MG-less measurement 
In our view, the work assumption can be confirmed in this meeting. Then the following remaining issues can be identified and divided into the following aspects.
· PRS processing window
· DL PRS’s priority
· PRS-related conditions, e.g. Applicable to the serving cell or all the cells with condition
· Others
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· The enhancement of PRS processing window
PRS processing window
	Agreement:
· With regards to the PRS processing window for PRS measurement outside MG, at least support the window indicated by gNB.


Based on the RAN1 106bis-e meeting agreement, the PRS processing window is indicated by gNB. The parameter of the PRS processing window should be described at first, for us, it can be described as follows
· Starting slot and symbol of PRS processing window
· Periodicity of PRS processing window
· Duration of PRS processing window
· PRS processing window type, e.g.: Pre UE or Per Band, or Per CC window.
· Frequency related to PRS processing window, e.g. Point A of PRS within PRS processing window, which can help serving gNB determine which band/CC is affected by PRS when the type of PRS processing window is per band/CC
Starting time, periodicity, duration, and PRS processing window type are the common parameters for a window and are similar to MG parameters. So, we propose the PRS processing window as follows
Proposal 9: [bookmark: _Hlk86855107][bookmark: _Hlk83721461]
· PRS processing window can be described by the following parameters
·  Starting slot and symbol of PRS processing window
· Periodicity of PRS processing window
· Duration of PRS processing window
· PRS processing window type, e.g. Pre UE or Per Band, or Per CC window.
· Frequency related to PRS processing window, e.g. Point A of PRS within PRS processing window
DL PRS’s priority
	Agreement:
· With regards to UE determining the PRS priority with other DL signal/channels within the PRS processing window for PRS measurement outside MG, support the priority indicated by gNB.
· FFS: What are the other DL signals/channels


Firstly, the priority of PRS is about the PRS and other DL signal/ channel within the PRS processing window. So, it is a PRS Process window-specific parameter. We propose the priority indication as a parameter of the PRS processing window parameter.

Proposal 10: [bookmark: _Hlk86855115]
· The priority indication of PRS can be included in the configuration of PRS processing window since it used to indicate the PRS priority with other DL signal/channels within the PRS processing window
In addition, it is worth noting that, the PRS processing window type can be up to UE capability (i.e., Cap. 1A, Cap. 1B). And the PRS priority can be referred to as priority indication and up to the UE capability (i.e., Cap. 1, Cap. 2) based on the following Table. For example, for capability 1, we prefer the priority rule is only dependent on the PRS priority indication and network indication since UE does not hear the scheduling in the window and once the priority is confirmed, all the PRS or all the DL signals and channels in the window will be dropped. But for capability 2, which can drop the partial symbol in the window, so, we prefer the priority rule is dependent on the PRS priority indication and DL signal and channel priority indication that which includes in the scheduling in the window.
Table 2 The priority rule between PRS and other DL signals and channels with priority indication(s)
	
	Positioning
	Communication
	To drop

	Capability 1
(for all symbols)
	Low priority PRS
	DL signal and channel
	Up to network indication to drop Low priority PRS

	
	High priority PRS
	DL signal and channel
	DL signal and channel

	Capability 2
only for PRS symbol
	Low priority PRS
	Low priority DL signal and channel
	Low priority DL signal and channel

	
	Low priority PRS
	High priority DL signal and channel
	Low priority PRS

	
	High priority PRS
	Low priority DL signal and channel
	Low priority DL signal and channel

	
	High priority PRS
	High priority DL signal and channel
	High priority PRS



Proposal 11: [bookmark: _Hlk86855125]
· For capability 1 UE, if PRS configured by high priority collides with other DL signals/channels, the other DL signals/channels are dropped within a PRS processing window. 
· For capability 1 UE, if PRS configured by low priority collides with other DL signals/channels, the PRS is dropped within a PRS processing window. 
Proposal 12: 
· For capability 2 UE, if PRS configured by low priority collides with low priority other DL signals/channels, the DL signals/channels are dropped in the collide symbols. 
· For capability 2 UE, if PRS configured by low priority collides with high priority other DL signals/channels, the PRS is dropped in the collide symbols.
· For capability 2 UE, if PRS configured by high priority collides with low priority other DL signals/channels, the DL signals/channels are dropped in the collide symbols. 
· For capability 2 UE, if PRS configured by high priority collides with high priority other DL signals/channels, the PRS is dropped in the collide symbols.
PRS related conditions
	Agreement:
For PRS measurement outside MG, support the following Alt. 2 in the working assumption made in RAN1#106-e with the following update of the PRS cell condition.
· Alt. 2: Applicable to all PRS (serving and/or non-serving cell) under conditions to PRS of non-serving cell.
· The conditions at least include that the Rx timing difference between PRS from the non-serving cell and that from the serving cell is within a threshold
· The UE is not expected to determine whether the above condition is satisfied by performing measurements and instead can be determined using assistance data
· FFS: Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty.
· Further discuss the necessity on the following additional conditions
· When the PRS is higher priority than other channels/signals, for capability 1A and 1B, the PRS from the non-serving cell have to be inside the PRS prioritization window.
· When the PRS is higher priority than other channels/signals, for capability 2, the PRS from the non-serving cell have to be in the same symbols as the PRS of the serving cell since the serving cell does not know the symbol position of neighbour cell PRS.



[bookmark: _Hlk83721507]
In our views, whether restricting synchronization dependent on UE capability to do sliding correlation in the time domain or FFT-based approach. Therefore, the threshold of Rx timing difference can be different for the two cases. 
For the FFT-based case, the threshold of Rx timing difference can be seen as the minimum threshold of Rx timing difference which is used to guarantee the neighbor cells and serving cells are synchronized when the Rx timing difference between two cells is within the threshold. So, in the RAN1 perspective, the value can be the length of CP.
Besides, the minimum threshold should be specified in RAN4 since the synchronization condition is specified in the existing RAN4 spec TS 38.133, such for inter-frequency SSB measurement without MG as follows:
	The scheduling availability requirements when UE performs inter-frequency measurements without measurement gaps in a TDD bands on FR1 and FR2 in clause 9.3.9.3.1~9.3.9.3.3 are valid under the following conditions:
-	SFN and frame boundary across serving cell and inter-frequency neighbor cells is aligned, and
-	the timing of SSBs across serving cell and inter-frequency neighbor cells are aligned


Proposal 13: [bookmark: _Hlk86855142]
· In the RAN1 perspective, the minimum threshold of Rx timing difference can be the length of CP for the synchronization case.
· RAN4 should specify the minimum threshold of Rx timing difference.
If the UE implementation is to do sliding correlation in the time domain, and PRS prioritization over all other DL signals/channels in all symbols inside the window(it is more like an MG window), in this case, we think all the PRS within the PRS processing window that from the serving cell or the non-serving cell can be measured. That is, the maximum threshold of Rx timing difference can be the length of the PRS processing window.
Proposal 14: [bookmark: _Hlk86855148][bookmark: _Hlk83721516]
· Subject to UE capability, if the UE implementation is to do sliding correlation in the time domain, and PRS prioritization over all other DL signals/channels in all symbols inside the window, all the PRS within the PRS processing window from the serving cell and/or the non-serving cell(s) can be measured in the PRS process window.
· The maximum threshold of Rx timing difference can be the length of the PRS processing window.
Other issues
	· Further study
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens


Since both active BWP and PRS processing windows are indicated by gNB, it is definitely dependent on gNB implementation. That is, gNB knows PRS priority and the location of PRS processing windows, if PRS is a high priority, unreasonable BWP switching will not be indicated. If the switch indication still appears in the PRS processing window, it should be caused by a higher priority scheduling so that the PRS measurement should not be performed. 
	Proposal 5.2.2-3 
· For PRS measurement inside the PRS processing window, consider one of the following processing optimization for latency reduction:
· Alt. 1
· During the first part of the window with duration of at least L-(T-N) msec, up to N msec of PRS symbols are expected to be buffered, where L is the duration of the PRS processing window.
· The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T-N msec from the end of first part of the PRS processing window.
· UE is not expected to be configured a PRS processing window with duration smaller than T (i.e. L>T).
· Alt. 2
· During the first part of the window with duration of at least N msec, up to N msec of PRS symbols are expected to be buffered.
· The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T-N msec from the end of first part of the PRS processing window.
· FFS: whether it is allowed N+T >= Processing window
· Alt. 3 UE has to report its capability of PRS computation time (Tcompute) 
· A time span (Tspan) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of Tspan is not expected to be smaller than the PRS computation time (Tcompute) .


In our view, the proposal is an enhancement of the PRS processing window. But, for Alt 1 and Alt 2, it only can be applied when the measured PRS(s) are concentrated on the first L-(T-N)  msec of the PRS processing window. For us, it is too restrictive for the PRS distributed. That is, if the measured PRS(s) are not distributed on the first L-(T-N) msec, some PRS may not be measured so that the accuracy requirement may not satisfied. Or the first sub-window (L-(T-N) msec) will no longer lead all measured PRS(s) can be concentrated on the first L-(T-N) msec, it may lead to longer time communication interruption.
In addition, UE capability and calculation of latency is copied as follows, the length of UE buffering is 0.5 msec, it needs an additional 8 ms at least to process, so we don’t understand in this case only 7.5 ms (T-N ms) is needed. 
	durationOfPRS-Processing
Indicates the duration N of DL-PRS symbols in units of ms a UE can process every T ms assuming maximum DL-PRS bandwidth provided in supportedBandwidthPRS and comprises the following subfields:
-	durationOfPRS-ProcessingSymbols: This field specifies the values for N. Enumerated values indicate 0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50 ms.
-	durationOfPRS-ProcessingSymbolsInEveryTms: This field specifies the values for T. Enumerated values indicate 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280 ms.
[bookmark: OLE_LINK5]Conclusion:
Estimated minimum DL PRS measurement time in Rel.16 can be 88.5ms depending on DL PRS configuration settings
· Note: The following assumptions are made
· One DL PRS frequency layer in FR1
· CSSF = 1
· NRxBeam, i = 1, 
· Nsample = 4 (DL PRS RSTD measurements are done across 4 DL PRS periods)
· Both DL PRS periodicity and MGRP are equal to 20ms
· Configured DL PRS resources are within UE DL PRS processing capacity (N,T) = (0.5ms, 8ms)



And if the PRS is really concentrated on the first smaller X msec, anyway, the UE and gNB know the location so that the appropriate PRS measurement window can be configured by gNB implementation.
Besides, in Rel 17 MG, there is no enhancement for splitting MG into two windows, so, we don’t think the enhancement for the PRS processing window is needed.
Proposal 15: [bookmark: _Hlk86855156]
· The processing optimization of the PRS processing window is not supported (e.g. no corresponding enhancement for splitting MG into two windows).

NRPPa enhancement for MG-less enhancement
Based on the RAN1 106bis-e meeting, the PRS processing window should be indicated by gNB at least. But gNB doesn’t know PRS information of neighbor cells and the requirements of positioning UE so that it is difficult to provide the appropriate PRS processing window and determine the use of PRS processing window is enough for positioning requirement.
In our view, at least the following options can be used to solve the above issue. 
Option 1: 
Step 1: The LMF indicates “the time/frequency characteristics (i.e., periodicity/offset information, and frequency layer information) of PRS” and “the location request information” in NRPPa information 
Step 2: The gNB determine the use of PRS processing window 
Step 3: The gNB indicate a PRS processing window to position UE and/or LMF


Figure 3 NRPPa enhancement for MG-less enhancement with option 1
Option 2:
Step 1: The LMF indicates “the time/frequency characteristics (i.e., periodicity/offset information, and frequency layer information) of PRS ” in NRPPa information 
Step 2: The gNB pre-configure a PRS processing window 
Step 3: The pre-configure PRS processing window is transmitted to LMF
Step 4: The LMF determine whether the PRS processing window can meet the requirement and then request of the PRS processing window/MG to gNB
Step 5: The gNB indicate a PRS processing window to position UE 



Figure 4 NRPPa enhancement for MG-less enhancement with option 2
Option 3:
Step 1: Exchange up to 32*4 BWP information(eg. OffsetToPointA, absoluteFrequencyPointA, offsetToCarrier, locationAndBandwidth) from gNB to LMF/UE in NRPPa information 
Step 2: The LMF recommend a PRS processing window to gNB for positioning UE
Step 3: The gNB determine the use of PRS processing window and indicate a PRS processing window to position UE



Figure 5 NRPPa enhancement forMG-less enhancement with option 3
With the above enhancement, the PRS processing window can be indicated, but the PRS processing window may still be inappropriate according to option 2 and option 3 method since the serving cell and active BWP may be changed with timing so that the pre-configured PRS processing window may be expired. Therefore, we prefer to option 1, the enhanced NRPPa information can include “the time/frequency characteristics (i.e., periodicity/offset information, and frequency layer information) of PRS ” and “the location request information(i.e., positioning requirement, latency, Bandwidth that needed to meet accuracy requirement) ”
In addition, based on the analysis, the request of MG by LMF, and the request of PRS processing window all include the time/frequency characteristics (i.e., periodicity/offset information, and frequency layer information) of PRS, and determine the use of PRS processing window in gNB side needs more information (i.e., positioning requirement, latency, Bandwidth that needed to meet accuracy requirement). Therefore, using one signaling to request MG or PRS processing window by LMF may be helpful. That is, adding a new requesting NRPPa signaling that includes the time/frequency characteristics (i.e., periodicity/offset information, and frequency layer information) of PRS” and “the location request information(i.e., positioning requirement, latency, Bandwidth that needed to meet accuracy requirement) ” from LMF to gNB is used for gNB to determine the use of MG or PRS processing window, and the detailed configuration of the corresponding MG or PRS processing window
Proposal 16: [bookmark: _Hlk86855168]
· Support a new requesting NRPPa signaling from LMF to gNB for gNB to determine the use of MG or PRS processing window, and the detailed configuration of the corresponding MG or PRS processing window that includes 
· The time/frequency characteristics (i.e., periodicity/offset information, and frequency layer information) of PRS” 
· The location request information (i.e., positioning requirement, latency, Bandwidth that needed to meet accuracy requirement) 
The relation between PRS processing window and on-demand PRS
The PRS processing window also can be reused in on-demand PRS, since start/end time also be supported by the majority for the on-demand PRS. It is more like the parameter of the PRS processing window. For example, UE can provide a PRS processing window in the on-demand PRS request information, and UE is only expected to receive PRS within the window. In this case, the on-demand PRS can be configured relative to the PRS processing window. It is more beneficial for latency and reporting if on-demand PRS is configured/requested in the window.
Therefore, we propose:
Proposal 17: [bookmark: _Hlk83721528]
· Support on-demand PRS configured/requested in a PRS processing window.
[bookmark: Pro2]Latency reduction related to the request of the measurement information
Putting the LPP request location divided into two signalings (a UE associated NRPPa information and low layer signaling) is beneficial for latency reduction, especially merge the MG-request information into the NRPPa information.
Firstly, for the latency benefits, in the SI phase, it is observed Rel-16 LPP request location latency of step 4 is 23ms +. The latency of step 4 can be reduced by 10ms, and the MG request can be reduced to 0ms since it can be transmitted in the NRPPa signaling. The procedure and the latency reduction are provided in Figure 6 and Table 3.



Figure 6 The procedure of low layer triggered requesting of measurement
[bookmark: _Hlk71207020]Table 3 The latency of Rel-16 DL measurement and NR enhancement with low layer triggering
	Step
	Delay and Description of Rel-16 Latency Component [ms]
	Low layer triggered requesting of Location information & Measurement gap

	Step 4 LPP Request Location Information
	23-39.5ms
Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo       5ms
-	TUEProc-LPPLocationRe  5ms
-	gNB: TgNBProc-NAS/LPP 3ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
	13-29.5ms
Processing delays: 9 ms
-               UE: 
-	TUEProc-RRCDLInfo             0ms 
-	TUEProc-LPPLocationRe       0ms
-	gNB: TgNBProc-NRPPa 
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB      0-0.5ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 5 RRC Location Measurement Indication
	5-8.5
Processing delays: 5-8 ms
-	UE: TUEProc-RRCLocationMeas
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB
	0
if the request location information includes the MG request information


Observation 3: [bookmark: _Hlk71211014]
· The low layer triggered request of location information can reduce by 15-18ms.
A new NRPPa procedure (such as NRPPa request location information) should be specified for the above low layer triggered requesting of location information. Besides, from RAN2/RAN3 perspective, new low layer signaling needed to be specified and gNB can configure MG based on the requesting of location information from NRPPa.
Proposal 18: [bookmark: _Hlk71211025]
· The request of the measurement via MAC-CE and NRPPa procedure should be supported.
Conclusion
In this contribution, we discuss latency reduction with the following observations and proposals:
Observation 1: 
· With pre-configured MG, MG request and MG activation will be more flexible and the overhead will be smaller.
Observation 2: 
· For the purpose of positioning latency reduction, MG request from LMF (option 1) is better for latency reduction if the time/frequency characteristics (i.e., periodicity/offset, and/or frequency layer information) of PRS (i.e., MG request) can be in NRPPa request location information.
Observation 3: 
· The low layer triggered request of location information can reduce by 15-18ms.

Proposal 1: 
· The pre-configured MG should be transmitted to UE by RRC signaling, and include the following information.
· The common configuration parameters (e.g. MGRP, MGL, etc.)
· Initial status of pre-configured MG: activated, deactivated
· The pre-configured ID can be supported for indicating one of multiple pre-configured MG, or indicating a positioning MG
Proposal 2: 
· With pre-configured MG, MG request only includes the activation/deactivation indication  
Proposal 3: 
· The MG request including the activated/deactivated indication by the LMF can be transmitted in the NRPPa Request location information (via a UE-associated NRPPa message).
Proposal 4: 
· To select one of the following options for avoiding duplicated MG request from both LMF and UE
· The LMF indicate whether the LMF request MG by NRPPa when LMF send the LPP RequestLocationInformation message to the UE.
· Guarantee the MG activation is not later than the time when the location request is received 
Proposal 5: 
· With preconfigured MG, the MG activation via MAC CE only includes activation and deactivation indications.
· FFS pre-configured MG indication for indicating one of multiple pre-configured MG and/or indicating a positioning MG
Proposal 6: 
· Before MG or pre-configured MG configuration, the time/frequency characteristics (i.e., periodicity/offset and/or frequency layer information) of PRS should be transmitted to gNB in advance.
Proposal 7: 
· UE is not expected to perform the measurement outside MG if MG is requested or configured.
Proposal 8: 
· When MG is not configured, subject to UE capability, whether to request MG or perform PRS outside MG is decided by UE itself
· [bookmark: _GoBack]if the overlapping bandwidth of active BWP and PRS can satisfy the performance requirement, UE measurement can be inside the active BWP. Otherwise, the UE can request MG(s) or BWP switching.
Proposal 9: 
· PRS processing window can be described by the following parameters
·  Starting slot and symbol of PRS processing window
· Periodicity of PRS processing window
· Duration of PRS processing window
· PRS processing window type, e.g. Pre UE or Per Band, or Per CC window.
· Frequency related to PRS processing window, e.g. Point A of PRS within PRS processing window
Proposal 10: 
· The priority indication of PRS can be included in the configuration of PRS processing window since it used to indicate the PRS priority with other DL signal/channels within the PRS processing window
Proposal 11: 
· For capability 1 UE, if PRS configured by high priority collides with other DL signals/channels, the other DL signals/channels are dropped within a PRS processing window. 
· For capability 1 UE, if PRS configured by low priority collides with other DL signals/channels, the PRS is dropped within a PRS processing window.  
Proposal 12: 
· For capability 2 UE, if PRS configured by low priority collides with low priority other DL signals/channels, the DL signals/channels are dropped in the collide symbols. 
· For capability 2 UE, if PRS configured by low priority collides with high priority other DL signals/channels, the PRS is dropped in the collide symbols.
· For capability 2 UE, if PRS configured by high priority collides with low priority other DL signals/channels, the DL signals/channels are dropped in the collide symbols. 
· For capability 2 UE, if PRS configured by high priority collides with high priority other DL signals/channels, the PRS is dropped in the collide symbols.
Proposal 13: 
· In the RAN1 perspective, the minimum threshold of Rx timing difference can be the length of CP for the synchronization case.
· RAN4 should specify the minimum threshold of Rx timing difference.
Proposal 14: 
· Subject to UE capability, if the UE implementation is to do sliding correlation in the time domain, and PRS prioritization over all other DL signals/channels in all symbols inside the window, all the PRS within the PRS processing window from the serving cell and/or the non-serving cell(s) can be measured in the PRS process window.
· The maximum threshold of Rx timing difference can be the length of the PRS processing window.
Proposal 15: 
· The processing optimization of the PRS processing window is not supported (e.g. no corresponding enhancement for splitting MG into two windows)
Proposal 16: 
· Support a new requesting NRPPa signaling from LMF to gNB for gNB to determine the use of MG or PRS processing window, and the detailed configuration of the corresponding MG or PRS processing window that includes 
· The time/frequency characteristics (i.e., periodicity/offset information, and frequency layer information) of PRS” 
· The location request information (i.e., positioning requirement, latency, Bandwidth that needed to meet accuracy requirement) 
Proposal 17: 
· Support on-demand PRS configured/requested in a PRS processing window.
Proposal 18: 
· The request of the measurement via MAC-CE and NRPPa procedure should be supported.
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Annex
[bookmark: _Hlk65070627]Table 5.2.3.1.2-1: 	Latency Components[5]
	Label
	Latency 
[ms]
	Description

	 Processing Latencies

	TUEProc-RRCReconf
	10
	RRC Reconfiguration processing

	TUEProc-RRCDLInfo
	5
	RRC DL information transfer 

	TUEProc-RRCULInfo
	2-5
	RRC UL information transfer

	TUEProc-RRCLocationMeas
	2-5
	RRC Location Measurement Indication

	TUEProc-LPPCapab
	10-20
	LPP Provide Capabilities

	TUEProc-LPPAssi
	10
	LPP Provide Assistance Data

	TUEProc-LPPLocationRe
	5
	LPP Request/Provide Location Information

	TUEProc-MAC-SRSAct
	1-3
	MAC-CE SRS Activation/Deactivation

	TgNBProc-RRC
	3
	RRC Processing

	TgNBProc-NRPPa
	3
	NRPPa Processing

	TgNBProc-NAS/LPP
	3
	NAS/LPP Processing

	TAMFProc
	3
	AMF Processing

	TLMFProc
	3
	LMF Processing

	Signalling Propagation Delays between Nodes

	TUE-gNB
	0-0.5
	

	TgNB-AMF
	3-10
	

	TAMF-LMF
	1-10
	

	TAMF-GMLC
	3-10
	

	Positioning Measurement Latencies

	TLMF-Calc
	2-30
	Position Calculation latency

	TDL-Meas
	88.5
	Estimated minimum DL PRS measurement time in Rel.16 can be 88.5ms depending on DL PRS configuration settings.

	TUL-Meas
	12
	SRS for positioning measurement time of 12 ms can be achieved under certain SRS for positioning configuration settings depending on the frame configuration.
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