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Introduction
At the RAN#91e meeting, the WID on NR Positioning Enhancements RP-210903[1] was approved including the following objective related to inactive positioning and on-demand PRS:
	· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state
· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission; 


In this contribution, we will present our views for inactive positioning and on-demand PRS.
Positioning in inactive state
DL positioning in inactive state
In RAN1#105e[2] and RAN1#106bis-e[5], the following agreements were achieved. In this section, DL positioning in inactive state is discussed.
	Agreement:
NR positioning supports DL PRS-RSRP (section 5.1.28 in the TS 38.215) and DL RSTD (section 5.1.29 in the TS 38.215) measurements by UEs in RRC_INACTIVE state
· FFS additional potential impact on RAN1

	Agreement:
· From RAN1 perspective, in RRC_INACTIVE state, reception of DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT)
· FFS how to determine conflicts in DL PRS and other DL signals/channels reception by UE
· FFS how to handle retuning time for the case when DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP
· Send LS to RAN4 (cc RAN2) and ask if there is any feedback


Relationship between PRS measurement and initial DL BWP
Another issue should be considered is the relationship between PRS measurement and initial DL BWP. In general, there is no measurement gap configured for inactive state PRS measurement, since in inactive state, it can be considered that there is no data transmission, so that when UE performs inter-frequency measurement (e.g. RRM measurement, PRS measurement), it is no need to configure measurement gap to interrupt data transmission. However, when the UE performs cell search and initial access, the initial DL BWP is configured for the UE to receive coreset 0, RMSI and other important messages. If the UE needs to measure the PRS during the effective time of the initial BWP, the related UE behavior needs to be clarified. For example, whether to support UE to process PRS outside the initial DL BWP and/or PRS whose SCS is different with the initial DL BWP. Therefore, one of the following options can be considered.
· Option 1: in inactive state, UE is not expected to process DL PRS outside the initial DL BWP and/or PRS whose SCS is different with the initial DL BWP
· Option 2: in inactive state, UE can process DL PRS outside and inside the initial DL BWP and the SCS of DL PRS is the same or different with the initial DL BWP
Considering that UE can perform inter-frequency SSB measurement for cell-reselection in inactive state, the measurement of ‘inter-frequency PRS’ can also be naturally supported. Therefore, option 2 is supported.
Proposal 1: 
· In inactive state, UE can process DL PRS outside and inside the initial DL BWP and the SCS of DL PRS is the same or different with the initial DL BWP.
PRS collision with other DL signals/channels
In inactive state, in addition to measuring the PRS, the UE would also perform cell search and initial access related procedures. Therefore, collisions between the PRS and these signals are also a problem. Due to no measurement gap is configured for PRS measurement in inactive state, hence, when PRS and other DL signals (e.g. SSB, SIB1, COREST0, MSG2/MSGB, paging, DL SDT, etc.) collide, how the UE processes the PRS needs to be considered. It is concluded that in RRC_INACTIVE state, reception of DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT). However, it is still not clear how to determine conflicts (or collision) in DL PRS and other DL signals/channels reception by UE. 
One issue is whether UE can process PRS and other DL signals/channels simultaneously. As in inactive state, UE is in a low power state with limited capability, it is better for UE to process one of PRS and other DL signals/channels simultaneously. Considering reception of DL PRS has lower priority, when time domain overlapping between PRS and other DL signals/channels occurs, UE is not expected to process PRS.
Then, we also need to clarify the conflicts (or collision) in DL PRS and other DL signals/channels reception by UE. There may be 2 cases as following.
· Case 1: PRSs are within initial DL BWP and have the same SCS as initial BWP. In this case, the time domain occupation of PRS is determined by PRS symbol or slot (up to UE symbol/slot level buffering capability) occupancy considering the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty. For example, in the following figure, N symbols/slots are occupied by PRS measurement. Therefore, up to UE buffering capability (symbol/slot level buffering capability), in inactive state, when time domain overlapping between PRS and other DL signals/channels occurs, UE is not expected to process PRS in the overlapping symbol or slot. 


Figure1 Conflicts in DL PRS and other DL signals/channels (case1)
· Case 2: PRS are allocated in different BW and/or have the same/different SCS as initial DL BWP. Different with case1, in case 2, the switch time (e.g. RF retuning time) before/after PRS measurement is needed, which is similar to the switch time (0.5ms for FR1, 0.25ms for FR2) for MG mechanism. For example, if UE is expected to measurement PRS in case 2, UE needs the switch time to switch from the initial DL BWP to the PRS measurement. During the switch time, UE is not able to process PRS and receive other DL signals/ channels. Therefore, in this case, UE is not expected to process PRS within a time duration, which includes the occupation time of other DL signals/channels and a gap (0.5ms for FR1, 0.25ms for FR2) before/after the DL signals/channels. For example, in the following figure, UE is not expected to process PRS in slot/symbol j and j+N+1, as slot/symbol j and j+N+1 are overlapping with other DL signals/channels and a gap (or switch time).


Figure2 Conflicts in DL PRS and other DL signals/channels (case2)
In addition, if certain PRS symbols/slots are dropped, it will affect the UE to obtain complete positioning measurement results and RAN4 measurement period requirement. From our perspective, it is better for RAN4 to consider the impact of measurement period requirement when conflicts in DL PRS and other DL signals/channels occur.
Therefore, we propose
Proposal 2: 
· In inactive state, when time domain overlapping between PRS and other DL signals/channels occurs, UE is not expected to process PRS, including
· When PRSs are within initial DL BWP and have the same SCS as initial BWP, up to UE buffering capability (symbol/slot level buffering capability), UE is not expected to process PRS in the symbols/slots which are overlapping with other DL signals/channels.
· When PRS are allocated in different BW and/or have the same/different SCS as initial DL BWP, up to UE buffering capability (symbol/slot level buffering capability), UE is not expected to process PRS in the symbols/slots which are overlapping with other signals/channels and the gap (0.5ms or 0.25ms before/after other signals/channels).
· Note: The time domain occupation of PRS is determined by PRS symbol/slot occupancy considering the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty.
· It is up to RAN4 to consider the impact of measurement period requirement when conflicts in DL PRS and other DL signals/channels occur.
PRS measurement and inactive DRX 
Based on assumption in TR 38.840[4], the power of different types of sleep is shown below.
· Sleep
· Sleep type is determined by duration between two power components above
· Deep sleep: duration>20ms
· Relative power: 1, transition energy: 450
· Light sleep: duration=6~20ms
· Relative power: 20, transition energy: 100
· Micro sleep: duration<6ms
· Relative power: 45, transition energy: 0
In inactive state, in order to ensure UE at the power saving state, we recommend to minimize the number of times the UE wakes up, especially from deep sleep mode. Therefore, the impact of PRS measurement on inactive DRX configuration should be minimized. For example, UE is expected to measure PRS once in an inactive DRX cycle. 
Proposal 3: 
· In inactive state, the impact of PRS measurement on inactive DRX configuration should be minimized.
· E.g. UE is expected to measure PRS once in an inactive DRX cycle.

UL positioning in inactive state
In RAN1#106e and RAN1#106bis-e, the following agreements were achieved. In this section, remaining issues for SRS transmission in inactive state are discussed.
	Agreement:
From RAN1 perspective, it is feasible to support transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning under certain validation criteria
· FFS: Type(s) of SRS for positioning (i.e., periodic, semi-persistent, aperiodic)
· FFS: Details of validation criteria which may also be discussed in RAN2
· Send LS to RAN2 informing them of this agreement

Agreement:
Open loop power control defined in Rel.16 for transmission of SRS for positioning by RRC_CONNECTED UEs is applicable for RRC_INACTIVE UEs.

Agreement:
Spatial relation defined in Rel.16 for transmission of SRS for positioning by RRC_CONNECTED UEs is applicable for RRC_INACTIVE UEs.

Conclusion:
It is up to RAN2 to define TA procedures for SRS for positioning transmission by RRC_INACTIVE UEs.

	Agreement:
· For OLPC of SRS for positioning transmission by RRC_INACTIVE UEs,
· Reuse validity criteria for pathloss measurement defined for RRC_CONNECTED UEs in Rel.16
· FFS: UE fallback behavior (i.e. whether to reuse fallback to pathloss measurement by RRC_INACTIVE UE for the cell, from which the SS/PBCH is received to obtain MIB, is not accurate) 
· For spatial relation of SRS for positioning transmission by RRC_INACTIVE UEs,
· FFS: Whether to define validity criteria or reuse validity criteria for OLPC pathloss measurement to determine whether spatial relation with configured RS is valid
Agreement:
· Spatial relation defined in Rel.16 for transmission of SRS for positioning by RRC_CONNECTED UEs is applicable for RRC_INACTIVE UEs.


Validity criteria of SRS for positioning in inactive state
In inactive state, UL positioning can be applied to UE if the UE’s dedicated SRS configuration is not released after the UE leaving connected mode but still in an area that is valid predefined by the network. The predefined area can be the cell in which RRC Release containing SRS configuration is received, where the SRS configuration is relatively stable without large update and does not need to be updated frequently. In addition to the predefined area, the other validity criteria should also be considered for SRS configuration in inactive state. For example, as the UE moves, the RSRP of the pathloss RS or the spatial relation RS changes a lot, causing the pathloss RS or the spatial relation RS previously configured to be no longer available and measurement failure on TRP side; or, the TA configuration is no longer available, causing potential interference; or, some other event causing the pre-configured SRS configuration is no longer valid. Therefore, we propose  
Proposal 4: 
· The validity criteria for SRS configuration in inactive state should be considered, at least following validity criteria can be considered:
· UE is in the valid predefined area, e.g. the cell where RRC release containing SRS configuration is received
· UE has valid TA  
· UE has valid power control RS
· UE has valid spatial relation RS
For TA validation for SRS transmission in inactive state, the mechanism for CG-SDT can be used as a reference. The TA validation mechanism for CG-SDT includes two parts. Part 1 is TAT (Timing alignment timer, TA timer) based TA validation, that is, the CG configuration is valid when this timer does not expire. The timer is started upon receiving the TAT-SDT configuration from gNB, i.e. RRC release message, and can be (re)started upon reception of TA command. UE releases CG-SDT resources when TAT expires in RRC_Inactive state. Similarly, for SRS transmission in inactive state, SRS configuration is valid when TAT does not expire, wherein, the timer is started upon receiving SRS configuration via RRC release or any TA command. Part 2 is the RSRP based TA validation. From example, UE considers the TA as invalid, if the serving cell RSRP level has changed more than a configured RSRP threshold. This TA validation of CG-SDT is being discussed by the SDT project. Considering it is up to RAN2 to define TA procedures for SRS for positioning in inactive state, we think RAN2 can continue to monitor SDT’s progress and finally apply it to SRS configuration in inactive state.
For SRS power control in inactive state, it is concluded that for OLPC of SRS for positioning transmission, the validity criteria for pathloss measurement in connected state can be reused. That is, the UE’s pathloss measurement is considered accurate/reliable, provided that the side conditions for the measurement used by the UE for the pathloss estimation are met. In addition, regarding the fallback behavior for pathloss RS measurement, we think the fallback behavior specified in connected state can also work. Similar to the connected state, if the UE determines that the UE is not able to accurately measure the pre-configured pathloss RS, the UE calculates pathloss using a RS resource obtained from the SS/PBCH block of the cell that the UE uses to obtain MIB, e.g. MIB of the camping cell. 
Proposal 5: 
· For SRS power control in inactive state, support to reuse the fallback behavior of OLPC mechanism in connected state, including:
· If the UE determines that the UE is not able to accurately measure the pre-configured pathloss RS, the UE calculates pathloss using a RS resource obtained from the SS/PBCH block of the cell that the UE uses to obtain MIB, e.g. MIB of the camping cell
Regarding SRS spatial relation that supported in inactive state, there may be two ways that can be applied to SRS transmission. 
· One way is to pre-configure SRS spatial relation with another RS, such as SSB or PRS. However, this way needs to consider the problem of spatial relationship failure (that is, the validation of spatial relation RS above) caused by UE movement. For example, the RSRP based TA validation can be reused for the validation of spatial relation RS, e.g. when the RSRP measured from spatial relation RS changes more than one threshold, the UE assumes the spatial relation RS is not valid. In addition to method of reusing RSRP based TA validation, we can also reuse the validity criteria of accurately pathloss measurement. If the UE determines that the UE is not able to accurately measure the pre-configured spatial relation RS, the spatial relation RS will not be valid.   
· Another way is to enable SRS beam sweeping in inactive state. In this way, there is no need to consider maintaining the spatial relationship between the UE and gNBs, correspondingly, the validation issues of spatial relation RS no longer exists, which makes SRS beam sweeping especially suitable for inactive state. In addition, considering that in UL positioning, all gNBs around the UE need to measure SRS, SRS beam sweeping is a suitable way for SRS transmission. However, based on current specification as following, when there is no ‘spatialRelationInfoPos’ included in the inactive SRS configuration, it is still up to UE to use fixed beam or beam sweeping. Therefore, additional indicator in SRS configuration to enable SRS beam sweeping in inactive state is needed.
	If the UE is not configured with the higher layer parameter spatialRelationInfoPos the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources.


At the same time, in order to improve coverage, SRS repetition during beam sweeping may also be considered. 
Observation 1: 
· If SRS beam sweeping is enabled in inactive state, the validation problems of spatial relation RS will no longer exist.
Proposal 6: 
· Support to enable SRS beam sweeping in inactive state.
· Additional indicator in SRS configuration to enable SRS beam sweeping in inactive state is needed.
· SRS repetition during beam sweeping can be considered.
Proposal 7: 
· If spatial relation RS is configured for SRS transmission in inactive state, the following validity criteria for spatial relation RS validation can be considered.
· Reuse criteria of RSRP based TA validation.
· Reuse criteria of accurately pathloss RS measurement: if the UE determines that the UE is not able to accurately measure the pre-configured spatial relation RS, the spatial relation RS will not be valid.
In addition to the validity criteria, the related fallback behavior should also be considered when the validity criteria for SRS configuration in inactive state is not met. One way is to enable the UE to enter the connected state and perform positioning or update the SRS configuration in the connected state. Moreover, considering that positioning report in the inactive state has been supported, when the validity criteria for SRS configuration is not met, the UE can remain in the inactive state and use the similar method as the positioning report (e.g., via SDT) to indicate the event causing validity criteria not met and require updated SRS configuration; and then the gNB can deliver the updated SRS configuration to the UE without entering connected state. Correspondingly, both UE and gNB need to release the previously configured SRS applied in inactive state.
Proposal 8: 
· The fallback behavior should be considered when the validity criteria for SRS configuration in inactive state is not met, including:
· Entering connected state to perform UL positioning or indicate event causing validity criteria not met and request/update the SRS configuration; or remaining in inactive state to indicate event causing validity criteria not met and request/update the SRS configuration
· Both UE and gNBs release previous SRS configuration applied in inactive state
On-demand DL PRS
In RAN1#106-e [3] and RAN1#106bis-e [5], the following agreements regarding on-demand PRS were reached.
	Agreement:
· The following lists of on-demand DL-PRS parameters are discussed/prepared by RAN1 and provided as input to RAN2:
· List#1: List of parameters for UE-initiated on-demand DL PRS request
· List#2: List of parameters for LMF-initiated on-demand DL PRS request
· For the following lists of on-demand DL-PRS parameters, send an LS to RAN2 to check whether RAN2 would like RAN1 to send the list of parameters and request feedback as early as possible:
· List #3: List of parameters for UE-initiated on-demand DL PRS request associated with pre-configured set of on-demand DL PRS configurations
· List #4: List of parameters for LMF-initiated on-demand DL PRS request associated with pre-configured set of on-demand DL PRS configurations
Agreement:
At least the following list of on-demand DL PRS parameters is supported for UE-initiated and LMF-initiated on-demand DL PRS requests
1.	 DL PRS Periodicity
2.	 DL PRS resource bandwidth
3.	 DL PRS QCL information
Conclude on remaining parameters at RAN1#106-bis-e

	Agreement:
· The following list of parameters is supported for UE-initiated and LMF initiated on-demand DL PRS request
· Start/end time of DL PRS transmission
· DL PRS resource repetition factor
· Number of DL PRS resource symbols per DL PRS resource 
· DL-PRS CombSizeN
· Number of DL PRS frequency layers
· ON/OFF indicator (for LMF initiated request only)
· FFS values for requested on-demand DL PRS parameters and whether parameters are resource-specific, TRP-specific, or PFL-specific


Parameters of on-demand PRS
In RAN1 #106-e and #106bis-e meeting, several on-demand parameters have been agreed to be supported. In this section, we provide our views on remaining issues of DL PRS parameters relevant to UE and LMF-initiated requests.
Remaining on-demand DL PRS parameters
In this section, we discuss the remaining parameters need to be supported for UE-initiated and LMF-initiated on-demand DL PRS requests.
UE-initiated on-demand PRS 
For UE-initiated on-demand PRS, except the already agreed parameters, the following parameters may be also considered.
Number of TRPs
· From the perspective of increasing accuracy, the number of TRPs is also a parameter for improving accuracy. For example, different numbers of TRPs for positioning in different LoS conditions will lead to different performances. So, UE can indicate the preferred TRP number to increase accuracy.
· In addition, from the perspective of power saving, by reducing the number of TRPs to be measured, the power saving gain is obtained. Therefore, when power saving is needed, UE can also indicate preferred number of TRPs to LMF.
· For UE-initiated on-demand PRS, as UE does not know specific TRP information, it is more reasonable for UE to request the number of TRPs rather than specific TRP indicator information.
Beam related information (beam directions)
· Although it has been agreed that DL PRS QCL information can be requested for on-demand DL-PRS, however, it is not always enough for beam information. One case is that there is no suitable existing signals for QCL to indicate the accurate beam information. Another case is the beam range indicated by QCL information is too coarse and finer granularity of beam information is needed. Therefore, except for the QCL information, we think beam related information should also be included in the on-demand DL-PRS request. At least beam directions can be considered to further provide accurate beam information.
· For beam directions, it can be an accurate angle or an expected AoD window. From the perspective of UE request and gNB configuration, we think it is more reasonable to define the beam direction as a certain angle range. If it is an accurate angle, firstly UE may not estimate the expected angle so precise, which may cause a beam angle error. Secondly when gNB receive the accurate angle, it cannot configure this angle perfectly, and it will cause an angle error again. But a certain angle range request will reduce the error of angle estimation on UE side and configuration on gNB side.
· If the UE can obtain beam directions of gNBs (e.g. UE-based DL method), based on the previous measurement, it can indicate a more accurate beam directions/range of PRS resources on-demand (just like expected AoD/uncertain) to assist LMF/gNB to turn on/off certain PRS resources to improve network/UE efficiency.
LMF-initiated on-demand PRS 
For LMF-initiated on-demand PRS, except the already agreed parameters, the following parameters may be also considered.
DL PRS ResourceSetSlotOffset, DL-PRS Resource Slot Offset, DL-PRS Resource Symbol Offset
· These parameters are detailed time domain parameters to determine PRS location, it is better for LMF to determine PRS time location in detail from the perspective of network deployment and coordination. So, these parameters can be included in the LMF request.
DL PRS Muting Option 1/2
· For DL PRS muting pattern, it is related to network deployment and interference level of TRPs, we think it is better for LMF to determine from a broader perspective.
Indicator of TRPs (including TRP ID, list of TRP IDs, etc.)
· Unlike the UE-initiated on-demand PRS, LMF have more detailed information about each TRP, especially when LoS/NLoS indicators are reported to LMF, LMF can request for specific TRPs which may be mostly under LoS condition. Therefore, the indicator of TRPs will be more reasonable than number of TRPs for LMF-initiated on-demand DL-PRS request.
Indicator of frequency layers (including frequency layer ID, list of frequency layer IDs, etc.)
· The similar as indicator of TRPs, for LMF-initiated on-demand request, it is more reasonable to request the indicator of frequency layers rather than a rough number.
Beam related information (including beam directions, beamwidth, beam granularity, etc.)
· The reason for requesting beam related information for LMF-initiated on-demand DL-PRS is similar as UE-initiated method, which can improve positioning accuracy by indicating the accurate beam information when QCL information is not available or suitable, or indicating the finer granularity of beam information when QCL information is too coarse.
· In addition, to further increase network/UE efficiency, we think LMF can request the gNB to switch on/off PRS resources within a certain direction range, if LMF has no knowledge of gNB beam directions. This is similar to already supported expected AoA/uncertain, but expected AoA/uncertain is used to assist gNB reception, and the beam direction here is to assist gNB transmission (just like expected AoD/uncertain).
Proposal 9: 
· Support the following list of parameters for UE-initiated on-demand DL PRS request
· Number of TRPs
· Beam related information
· Support the following list of parameters for LMF-initiated on-demand DL PRS request
· DL PRS ResourceSetSlotOffset, DL-PRS Resource Slot Offset, DL-PRS Resource Symbol Offset
· DL PRS Muting Option 1/2
· Indicator of TRPs
· Indicator of frequency layers
· Beam related information
The definition level of on-demand DL-PRS parameters
In this section, we discuss the definition level of on-demand DL-PRS parameters.
[bookmark: _Hlk86674660]DL PRS Periodicity
· For DL PRS periodicity, it is a resource set level parameter in normal DL-PRS configuration. However, for on-demand DL-PRS, we think it can be more flexible. For example, it can be a resource-specific level basically if only on-demand DL-PRS resource is configured, or resource set level if DL-PRS resource set is configured. It can also be a configuration level, as RAN2 has defined a set of possible on-demand DL-PRS configurations where each on-demand DL-PRS configuration has an associated identifier, the DL PRS periodicity can be configured with each on-demand DL-PRS configuration associated with an identifier. In a word, the configuration of DL PRS periodicity should be flexible to meet different latency and overhead requirement and not lose the purpose of “on-demand”.
DL PRS resource bandwidth
· DL PRS resource bandwidth is a frequency layer level parameter in normal DL-PRS configuration. For on-demand DL-PRS, as bandwidth is a parameter defined in different frequency layer, we think it is reasonable to define it still as a frequency layer level parameter.
DL PRS QCL information
· PRS QCL information is configured as resource specific in Rel.16. As the QCL information is a SSB index or PRS resource ID, we think the on-demand PRS QCL information should be resource specific.  
Start/end time of DL PRS transmission
· Start/end time of DL PRS transmission, in our opinion, it is just a coarse time duration for on-demand PRS validation. It should be configured flexible such as a frequency layer level, TRP level, resource set level or resource level. 
· The frequency layer level is intended to concentrate all on-demand DL-PRS in a frequency to be transmitted in a certain time window. The TRP level, resource set level or resource level have the similar intention to restrict the on-demand PRS of different levels in a certain time window so that the latency can be controlled. In addition, by defining start/end time of DL PRS transmission in different configuration levels, UE and gNB can have an alignment about DL PRS transmission time in different configuration levels.
DL PRS resource repetition factor
· DL PRS resource repetition factor is the repetition parameters of a PRS resource set. For DL PRS resource repetition factor, it can be included in UE request to achieve better coverage performance. Therefore, we think this parameter should be resource set specific or resource specific.
Number of DL PRS resource symbols per DL PRS resource, DL-PRS CombSizeN
· The combination of number of DL PRS resource symbols per DL PRS resource and DL PRS CombSizeN can determine different PRS patterns, which lead to different accuracy performance. At least resource set level or resource level should be supported. 
ON/OFF indicator of the on-demand PRS
· In our view, the interpretations of ON/OFF request at least include switching ON/OFF certain level of PRS configuration, such as frequency layer level, TRP level, resource set level or resource level. For example, when certain TRPs or PRS resources are no longer hearable, a TRP-level or resource-level OFF request/recommend to LMF is needed; then LMF can determine whether to switch ON/OFF these TRPs or PRS resources according to the comprehensive needs of the UEs in the entire region, which may help for the network efficiency and UE power saving. In addition, as the UE moves, in order to ensure the accuracy of positioning, the TRPs or PRS resources that was previously turned off can be requested to be switched on again. Or, the on-demand configurations for certain TRPs or PRS resources are no longer needed based on UE’s demand, an ‘OFF’ indicator to LMF can be requested, and then LMF can determine whether to switch ON/OFF this on-demand PRS configuration. Similarly, when the on-demand configurations of these TRPs or PRS resources are needed, an ‘ON’ indicator to LMF can also be requested.
· Furthermore, for certain level of PRS configuration (frequency layer/TRP/PRS resource set/PRS resource) mentioned above, there seems to be two kinds of interpretation for ‘ON/OFF’ indicator. One interpretation of ‘ON/OFF’ indicator is: fully enabling or disabling. For example: for a PRS resource, ‘OFF’ means that a TRP stops transmission of the PRS resource; and ‘ON’ means that a TRP starts the transmission of the ‘PRS resource’. Or for a TRP, ‘OFF’ means that stop PRS transmission of the TRP; and ‘ON’ means that start PRS transmission of the TRP. Another interpretation is: enabling or disabling the feature of ‘on-demand PRS’. For a PRS resource, ‘ON’ means that enable the on-demand feature of the PRS resource, such as change the bandwidth/period of the PRS resource; while ‘OFF’ means that disable the on-demand feature of the PRS resource, such as fallback to regular configuration of the PRS resource. Or for a TRP, ‘ON’ means that enable the on-demand feature of the TRP, such as enable on-demand PRS configuration of the TRP; while ‘OFF’ means that fallback to regular PRS configuration. We believe that these two interpretations are reasonable, and how to support or integrate them can be further studied.
Proposal 10: 
· Support the ON/OFF indicator of the on-demand PRS in the following levels: frequency layer level, TRP level, resource set level or resource level.
Explicit parameters request of on-demand PRS
It has been agreed that the network can signal predefined PRS configurations to the UE and the UE can select one to request, but whether UE can request a configuration with different parameters or parameters outside the pre-configuration is still under discussion.
As far as we are concerned, the explicit parameters, at least for UE-initiated on-demand request, should be supported. Compared with predefined on-demand DL PRS, the explicit parameters request has its own advantages. 
For example, when the parameters for pre-configuration are many, the number of pre-configurations sets will be enormous, which will take large overhead for signaling of pre-configurations, the request of explicit parameters by UE can avoid the large overhead of pre-configuration sets in some extent.
In addition, for downlink positioning, UE have the knowledge of most measurements information, which can help UE to request some on-demand DL-PRS parameters more accurate. For instance, the UE may measure some DL-PRS resource with different transmission beams and obtain measurement information such as RSRP, through these measurement UE can obtain the AoD or expected beam directions. But for LMF, not all the measured RSRPs are reported to LMF, and the reported quantized RSRP may also introduce performance loss. Thus, the UE can obtain a more accurate expected AoD or expected beam directions of gNBs than LMF. 
Therefore, we suggest to support the request of explicit parameters at least for UE-initiated on-demand DL-PRS.
Proposal 11: 
· Support the request of explicit parameters at least for UE-initiated on-demand DL-PRS.
Other issues of on-demand PRS
Interference caused by on-demand PRS to regular UEs



Figure 3 On-demand PRS scenario for different UEs with/without on-demand PRS request (1)
The interference of on-demand PRS are mainly caused by the different configurations. For example, in a certain area, TRPs can transmit the on-demand PRS with a period of 40ms as the low latency demand of some UEs (such as UE1 in Figure 3). However, other regular UEs (such as UE2 in Figure 3) adjacent to this area without on-demand PRS request still expects to receive regular PRS with a period of 80ms. Therefore, the additional instance of small period of on-demand PRS will cause interference of these regular UEs. The interference case is shown in the following Figure 4. In addition to PRS period, similarly, other changed PRS configurations (such as PRS repetition, PRS bandwidth, etc.) by on-demand request will also cause interference to adjacent regular UEs.


Figure 4 Interference caused by on-demand PRS
Proposal 12: 
· Interference caused by on-demand PRS to regular UEs should be considered and solved by RAN1.
To solve the interference problem, one option is to switch off certain PRS resources pointing to regular UEs (such as switching off PRS3 and PRS4 in orange of Figure 3). It is not to completely switch off PRS3/4, but to disable potential configuration change of PRS3/4 and allow PRS3/4 to transmit based on the regular PRS configuration. For example, for PRS1 and PRS2, the TRP can transmit them with period of 40ms; while for PRS3 and PRS4, the TRP still transmit them with 80ms. Furthermore, the LMF can simply indicate resource level muting pattern to UE1 showing which PRS resources’ on-demand feature are switched off.
However, for on-demand UEs and regular UEs which are difficult to distinguish by beam direction, the above option cannot work, as shown in Figure 5. In this case, the LMF may indicate the on-demand PRS configurations of on-demand UE to regular UE, to enable interference cancellation by regular UE itself. In addition, the LMF can inform on-demand PRS configurations to the serving gNB of regular UE, then the serving gNB can schedule other RS/data transmission at right RE locations avoiding potentially disturbing by on-demand PRS.



Figure 5 On-demand PRS scenario for different UEs with/without on-demand PRS request (2)
Therefore, to solve the interference problem, we propose
Proposal 13: 
· To solve the interference caused by on-demand PRS to regular UEs, support switching off certain PRS resources for regular UEs.
· PRS resource level muting can be considered.
· Note: It is not to completely switch off the PRS resources, but to allow the transmission of these PRS resources based on regular PRS configuration
Proposal 14: 
· To solve the interference caused by on-demand PRS to regular UEs, support indicating on-demand PRS configuration to regular UEs and corresponding serving gNB.
On-demand measurement gap
In current specification, when the UE is expected to measure the PRS resource outside the active DL BWP it may request a measurement gap via higher layer parameter NR-PRS-MeasurementInfoList. If on-demand PRS is introduced, the corresponding on-demand measurement gap also need to be introduced. 
For example, UE is configured by on-demand PRS with a small periodicity for small latency requirement, but the other PRS configuration remain unchanged, in this case the UE will not require a new measurement gap but still measure and process PRS according to the previous measurement gap configuration, thus failing to achieve the purpose of ‘on-demand’.
To support on-demand measurement gap, both the UE and LMF request procedure should be considered. The current specification only support UE requesting a measurement gap, but for on-demand measurement gap, we think LMF request procedure will have more benefit, the reasons are mainly as following:
· Based on the conclusion of Rel-16 ‘UE is not expected to process DL PRS without configuration of measurement gap’, if this behaviour does not change during Rel-17 stage, regardless of whether the PRS is within the scope of the active BWP, MG is always requested.  Therefore, even if the LMF does not know the BWP configuration, it can also request the MG on-demand.
· LMF request MG can reduce latency. For example, this request can be sent by LMF at the same time with ‘LPP Provide Assistance Data message’, so it is no need for the UE to spend extra time requesting the MG and even waiting for MG configuration after receiving assistance data and/or measurement request, which can reduce physical layer latency nearly 20ms.
Proposal 15: 
· Support to introduce on-demand measurement gap for on-demand PRS in Rel-17.
· LMF requests on-demand measurement gap should be supported.
[bookmark: _Hlk78820099]The on-demand measurement gap can also be configured along with the on-demand DL PRS to further reduce the latency. For example, when the UE/LMF request an on-demand DL PRS, the on-demand measurement gap is also requested. Or after the gNB receives an on-demand DL PRS request, then gNB configures the on-demand measurement gap.
It is noted that on demand MG can be supported based on the conclusion of MG enhancement in AI 8.5.4.
Proposal 16: 
· The on-demand measurement gap can be requested and configured along with the on-demand DL PRS.
· The on-demand measurement gap can be requested along with the request of on-demand DL PRS.
· The on-demand measurement gap can be configured after gNB receives the request of on-demand DL PRS.
Procedure of on-demand PRS
When on-demand PRS is introduced, whether the procedure of on-demand DL PRS is different from the existing procedure should be considered. For example, when on-demand DL PRS and regular PRS are both existed, it is unclear how UE measures the on-demand DL PRS and normal PRS, e.g. will the UE perform measurement on the PRS of these two configurations, or only perform measurement on the on-demand PRS? In our opinion, one way is to measure the PRS according to the priority information. Therefore, the priority of on-demand DL PRS and regular PRS should be studied. 
Proposal 17: 
· The priority of on-demand DL PRS and normal PRS should be considered.
Conclusion
In this contribution, we discuss issues for inactive positioning and on-demand PRS with the following observation and proposals.
Observation 1: 
· If SRS beam sweeping is enabled in inactive state, the validation problems of spatial relation RS will no longer exist.
Proposal 1: 
· In inactive state, UE can process DL PRS outside and inside the initial DL BWP and the SCS of DL PRS is the same or different with the initial DL BWP.
Proposal 2: 
· In inactive state, when time domain overlapping between PRS and other DL signals/channels occurs, UE is not expected to process PRS, including
· When PRSs are within initial DL BWP and have the same SCS as initial BWP, up to UE buffering capability (symbol/slot level buffering capability), UE is not expected to process PRS in the symbols/slots which are overlapping with other DL signals/channels.
· When PRS are allocated in different BW and/or have the same/different SCS as initial DL BWP, up to UE buffering capability (symbol/slot level buffering capability), UE is not expected to process PRS in the symbols/slots which are overlapping with other signals/channels and the gap (0.5ms or 0.25ms before/after other signals/channels).
· Note: The time domain occupation of PRS is determined by PRS symbol/slot occupancy considering the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty.
· It is up to RAN4 to consider the impact of measurement period requirement when conflicts in DL PRS and other DL signals/channels occur.
Proposal 3: 
· In inactive state, the impact of PRS measurement on inactive DRX configuration should be minimized.
· E.g. UE is expected to measure PRS once in an inactive DRX cycle.
Proposal 4: 
· The validity criteria for SRS configuration in inactive state should be considered, at least following validity criteria can be considered:
· UE is in the valid predefined area, e.g. the cell where RRC release containing SRS configuration is received
· UE has valid TA  
· UE has valid power control RS
· UE has valid spatial relation RS
Proposal 5: 
· For SRS power control in inactive state, support to reuse the fallback behavior of OLPC mechanism in connected state, including:
· If the UE determines that the UE is not able to accurately measure the pre-configured pathloss RS, the UE calculates pathloss using a RS resource obtained from the SS/PBCH block of the cell that the UE uses to obtain MIB, e.g. MIB of the camping cell.
Proposal 6: 
· Support to enable SRS beam sweeping in inactive state.
· Additional indicator in SRS configuration to enable SRS beam sweeping in inactive state is needed.
· SRS repetition during beam sweeping can be considered.
Proposal 7: 
· If spatial relation RS is configured for SRS transmission in inactive state, the following validity criteria for spatial relation RS validation can be considered.
· Reuse criteria of RSRP based TA validation.
· Reuse criteria of accurately pathloss RS measurement: if the UE determines that the UE is not able to accurately measure the pre-configured spatial relation RS, the spatial relation RS will not be valid.
Proposal 8: 
· The fallback behavior should be considered when the validity criteria for SRS configuration in inactive state is not met, including:
· Entering connected state to perform UL positioning or indicate event causing validity criteria not met and request/update the SRS configuration; or remaining in inactive state to indicate event causing validity criteria not met and request/update the SRS configuration
· Both UE and gNBs release previous SRS configuration applied in inactive state
Proposal 9: 
· Support the following list of parameters for UE-initiated on-demand DL PRS request
· Number of TRPs
· Beam related information
· Support the following list of parameters for LMF-initiated on-demand DL PRS request
· DL PRS ResourceSetSlotOffset, DL-PRS Resource Slot Offset, DL-PRS Resource Symbol Offset
· DL PRS Muting Option 1/2
· Indicator of TRPs
· Indicator of frequency layers
· Beam related information
Proposal 10: 
· Support the ON/OFF indicator of the on-demand PRS in the following levels: frequency layer level, TRP level, resource set level or resource level.
Proposal 11: 
· Support the request of explicit parameters at least for UE-initiated on-demand DL-PRS.
Proposal 12: 
· Interference caused by on-demand PRS to regular UEs should be considered and solved by RAN1.
Proposal 13: 
· To solve the interference caused by on-demand PRS to regular UEs, support switching off certain PRS resources for regular UEs.
· PRS resource level muting can be considered.
· Note: It is not to completely switch off the PRS resources, but to allow the transmission of these PRS resources based on regular PRS configuration
Proposal 14: 
· To solve the interference caused by on-demand PRS to regular UEs, support indicating on-demand PRS configuration to regular UEs and corresponding serving gNB.
Proposal 15: 
· Support to introduce on-demand measurement gap for on-demand PRS in Rel-17.
· LMF requests on-demand measurement gap should be supported.
Proposal 16: 
· The on-demand measurement gap can be requested and configured along with the on-demand DL PRS.
· The on-demand measurement gap can be requested along with the request of on-demand DL PRS.
· The on-demand measurement gap can be configured after gNB receives the request of on-demand DL PRS.
Proposal 17: 
· The priority of on-demand DL PRS and normal PRS should be considered.
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