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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
At RAN#86 meeting, the study item on NR Positioning Enhancements was approved [3]. From RAN1’s perspective, the SI includes device efficiency (power consumption, complexity, etc.), low latency, etc. Nowadays, many applications provide trajectory tracking functions and require periodic positioning, such as childcare tracking, etc. Without supporting idle/inactive state positioning, UE needs to switch between connected and idle/inactive state continuously, which leads to lots of signaling overhead. Moreover, in some scenarios where flow of people needs to count or lots of user locations need to obtain, all UEs have to go back to connected mode to perform positioning which would cause large UE power consumption. In addition, from the perspective of latency, additional latency will be introduced if the UE switches to connected state from idle/inactive state for positioning measurement and report. If positioning can be performed without entering the connected mode, the UE power consumption, latency and the signaling overhead could be reduced. 
Furthermore, SI has reached the below conclusion in [4, TR 38.857] that power saving gains are observed by supporting idle/inactive positioning. 
TR 38.875 11 Conclusions
The UE efficiency (power saving) in the RRC_IDLE/RRC_INACTIVE states were also analysed, and power saving gains are observed with detailed observations related to power savings are outlined in Section 8.4.
Finally, the normative work for inactive state positioning was supported in WID.
DL positioning in inactive state
In RAN1#105e[2], 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


DL PRS configuration
In RAN2#meeting 113e[5], it was concluded that PRS configuration in inactive state can be delivered to the UE by two ways: posSIB and LPP message in connected state. For the latter case, the UE can obtain UE/cell-specific PRS configuration. However, due to the mobility of the UE in inactive state, part of the PRS configuration may become invalid. For instance, when the UE moves out of a certain area, some previous PRS configurations may no longer be applicable, such as priority indication of TRPs, expected-RSTD, etc. The priority of the TRP below may be related to the location of the UE. For example, in order to ensure positioning accuracy, some TRPs around the cell where the UE is located can be indicated as high priority. However, as the UE moves in inactive state, the TRP with the previous high priority may be far away from the UE, but the TRP currently around the UE is indicated with a low priority. If the UE continues to use the previous priority rules for measurement and reporting, the positioning accuracy and efficiency may be affected. Therefore, the validity criteria for PRS configuration in inactive delivered by LPP message in connected state should be considered.
	TS38.214 [6]
Within a positioning frequency layer, the DL PRS resources are sorted in the decreasing order of priority for measurement to be performed by the UE, with the reference indicated by nr-DL-PRS-ReferenceInfo being the highest priority for measurement, and the following priority is assumed:
-	Up to 64 dl-PRS-IDs of the frequency layer are sorted according to priority;
-	Up to 2 DL PRS resource sets per dl-PRS-ID of the frequency layer are sorted according to priority.


Proposal 1: 
· Validity criteria of PRS configuration in inactive state delivered by LPP message in connected state should be considered, e.g. validity criteria of UE/cell-specific PRS configuration such as priority indication, expected RSTD etc.
Physical layer procedure for DL PRS measurement
· QCL information
In connected state, PRS can be configured with QCL-D relationship with SSB or other RS. On the UE side, it can assume that PRS and SSB or other RS have a similar spatial relationship. For PRS reception in inactive state, regarding QCL-D relationship configured for PRS, we don’t see that it needs to be changed compared to the connected state. Therefore, we support reusing QCL configuration in connected state for PRS reception for inactive UEs.
Proposal 2: 
· Support to reuse QCL configuration in connected state for PRS reception for inactive UEs.
· 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.
Proposal 3: 
· The relationship between PRS measurement and initial DL BWP should be further studied, e.g. including
· how to support UE to process PRS outside the initial DL BWP and/or PRS whose SCS is different with the initial DL BWP
· PRS collision with other DL signals 
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, etc.) are in the same symbol, how the UE processes the PRS needs to be considered.
Proposal 4: 
· In inactive state, when PRS and other DL signals (e.g. SSB, SIB1, COREST0, MSG2/MSGB, paging, etc.) are in the same symbol, how the UE processes PRS should be considered.
DL positioning report size optimization
Considering positioning report in inactive state is mainly the scope of RAN2, in this section, we briefly introduce some content related to RAN1, e.g. DL positioning report size optimization.
To reduce resource overhead and improve latency performance for some applications involving relatively infrequent exchange of small amounts of UL data (e.g., one uplink packet), the UE is allowed to transmit UL small data in idle or inactive state. In LTE, for EDT, only data size less than 1000 bits can be delivered using EDT, otherwise the connected mode procedure is used. In NR, data volume threshold is used for the UE to decide whether to do SDT or not. Only if the data size is small enough, it makes sense to transmit in inactive state. In previous RAN2 meeting, it was agreed that positioning report in inactive state is supported via small data transmission. Therefore, the data size for positioning report in inactive state also needs to meet the requirements of small data transmission.
Positioning report in inactive state may include positioning measurement or location estimate. For positioning measurements results, it would not be categorized as small data. For example, according to the structure of DL-TDOA measurement, if we only consider 3 TRPs’ measurements to be report, the bit size would be more than 1000 bits. Furthermore, if we include all the TRP measurement results, after rough calculation, the size of data for positioning report will even reach the order of 100,000 bits, which is far from acceptable. The size of the measurement result depends on the number of neighboring cells and the report format.
Therefore, how to optimize the data size of positioning report especially for positioning measurements in inactive state but not to reduce the positioning performance too much should be considered. One option is compress positioning report size. As mentioned earlier, the size of the measurement result is related to the number of neighboring cells, so if we limit the number of neighboring cells in the measurement result, the size of the measurement result can be greatly reduced. Therefore, priority indication for TRPs/PRSs to be measured and reported can be considered for inactive positioning report. In addition, differential report can also be considered. Differential report can represent the change/difference of the latter report compared to the previous report in 2 adjacent reports. For instance, if the difference between the two measurement results is less than a certain threshold, the UE reports a small number of bits (e.g., 1 bit) to indicate that the measurement result is almost unchanged; if the difference between the two measurement results exceeds a certain threshold, the UE reports the differential measurement result. This method is meaningful for inactive UEs, since inactive UEs may have lower mobility, and the PRS measurement results (e.g., first path in DL-TDOA) between the 2 adjacent reports may not change much.
Proposal 5: 
· The data size optimization of positioning report especially for positioning measurements in inactive state should be considered, e.g. including the following options
· priority indication for TRPs/PRSs to be measured and reported 
· differential report between continuous report
DL positioning capability
Potential new UE capabilities need to be defined for inactive state positioning, which may include the following at least:
· PRS processing capability in inactive state should be defined. In inactive state, in order to save power, the UE may turn off some functions and modules, so the PRS processing capability may be limited. For example, the maximum supported PRS bandwidth per frequency layer may be smaller than connected state; the maximum number of supported frequency layers may be smaller than connected state; the durationOfPRS-Processing capability (N, T) for any  time window may also be different with connected state, etc. In addition, considering PRS processing capability in connected state is defined assuming measurement gap is configured, while in inactive state, there may be no measurement gap is assumed, so that the PRS processing capability without measurement gap should be considered in inactive state.
· Other capabilities such as NR-DL-PRS-ResourcesCapability should also be considered, which may be different with connected state.
Proposal 6: 
· DL positioning capability should be defined in inactive state, e.g. including at least
· DL PRS processing capability in inactive state
· DL PRS resource capability in inactive state
UL positioning in inactive state
In RAN2#114e, RAN2 sent an LS[7] to RAN1, it was mentioned that ‘RAN2 discussed the 2nd priority objectives for UL/UL+DL positioning in RRC_INACTIVE on the configuration in UL positioning and so far, has not reached any conclusion considering it is still open in RAN1 on how positioning SRS should be used for UE in RRC_INACTIVE. RAN2 will continue the work as time permits.’ Therefore, in order to further advance the progress of UL/UL+DL positioning in RRC_INACTIVE, RAN1 needs to reach a conclusion on ‘how positioning SRS should be used for UE in RRC_INACTIVE’ in this meeting. In this section, related issues are discussed.
SRS configuration for positioning in inactive state
UL positioning in inactive states should also be supported in Rel-17. In order to reduce unnecessary workload, we propose to study the uplink positioning in the inactive state based on the uplink positioning framework in the connected state. Therefore, in the inactive state, we should prioritize research on SRS for positioning. 
According to the NR design, dedicated SRS is only allocated to UE in connected state. Hence, in current specification, UL positioning is only applicable to UE in connected 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. With this enhancement, an inactive state UE could transmit dedicated SRS, and then the network could measure SRS and obtain the position of the UE. The dedicated SRS configuration can be transmitted to the UE via RRC release with suspend config when UE is in connected state. The predefined area can be the cell in which RRC Release is received, where the SRS configuration is relatively stable without large update and does not need to be updated frequently. 
We think there may be some concerns about this enhancement. For each inactive UE requiring positioning, SRS configuration needs to be reserved in both the camping and neighbouring cells. This may cause a lot of resource occupation, especially when there are many UEs performing UL positioning in the inactive state. Will this enhancement lead to a very limited capability for positioning? In our understanding, the number of positioning UE can be supported is related to the period of SRS allocated to each UE. The longer the period is, the more UEs can be supported. In some popular applications, the interval between consecutive positioning requests is very long, e.g. 1 minute. Accordingly, the period of positioning SRS resource for each UE can be very long. Therefore, the number of positioning UEs can be supported seems not a big issue. We believe these applications are the main potential motivation for UL positioning inactive state. So, long-period SRS can be applied for uplink positioning in inactive state, e.g. period>=160ms.
Proposal 7: 
· Support SRS for positioning as UL positioning RS in inactive state.
· Support to transmit configuration of SRS for positioning via RRC release when UE is in connected state for UL positioning in inactive state.
Validity criteria of SRS configuration for positioning in inactive state
Due to the mobility of the UE in inactive state, part or all of the SRS configuration may become invalid. In addition to the predefined area mentioned above, 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 8: 
· 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 is received
· UE has valid TA  
· UE has valid spatial relation RS
· UE has valid power control 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 part is being discussed by the SDT project, we can continue to monitor its progress and finally apply it to SRS configuration in inactive state.
Proposal 9: 
· Regarding TA validation for SRS transmission in inactive state, support to use TA validation mechanism for CG-SDT as a reference, including:
· TAT based TA validation
· RSRP based TA validation
Regarding SRS spatial relation 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 crtiria 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. 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. At the same time, in order to improve coverage, SRS repetition during beam sweeping may also be considered. 
Proposal 10: 
· Regarding spatial relation RS validation for SRS transmission in inactive state, the following validity criteria 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 11: 
· Support to enable SRS beam sweeping in inactive state.
· SRS repetition during beam sweeping can be considered.
For SRS power control in inactive state, we think the open loop power control mechanism for connected state in Rel-16 positioning can be reused. The UE can be configured with power control related parameters towards multiple cells via RRC release and further calculate the Tx power based on these parameters in inactive state. In addition, we can reuse the mechanism of validity criteria of accurately measurement and related fallback behavior for pathloss RS measurement in connected state. That is, 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 12: 
· For SRS power control in inactive state, support to reuse open loop power control mechanism in connected state in Rel-16 positioning, including:
· Configure power control related parameters towards multiple cells via RRC release.
· Reuse validity criteria of accurately measurement and related fallback behavior for pathloss RS measurement in 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.
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 13: 
· 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 request/update the SRS configuration; or remaining in inactive state to perform UL positioning and request/update SRS configuration
· Both UE and gNBs release previous SRS configuration applied in inactive state
Moreover, in order to reduce UE power consumption, we hope that the UE enters the connected state as little as possible during the UL positioning procedure. For example, when a small part of the SRS configuration becomes invalid or a small part of the SRS configuration needs to be updated, the UE may not enter the connected state to receive the updated SRS configuration. A simple way to update SRS configuration is via SDT procedure. Thus, we think transmission of the SRS configuration while retaining the UE in inactive state can be considered. 
Proposal 14: 
· Transmission of the SRS configuration while retaining the UE in inactive state can be considered.
DL+UL positioning in inactive state
For DL and UL positioning method, the UE not only needs to measure downlink signals from TRPs and report Rx-Tx measurements, but also transmits an uplink signal to the same TRPs. It can be considered as a combination of downlink only positioning method and uplink only positioning method. So that if DL only positioning method and UL only positioning method are supported, DL and UL positioning method is naturally supported. Therefore, we propose to give priority to the work on separate DL positioning and separate UL positioning, and then work on the DL and UL positioning. 
Proposal 15: 
· Prioritize the work on separate DL positioning and separate UL positioning in inactive state, and then work on the DL and UL positioning in inactive state.
On-demand DL PRS
Request of on-demand DL PRS transmission
In TR 38.857[4], the following agreement was captured. 
	Agreement:
From a physical layer perspective, on-demand transmission and reception of DL PRS, which includes at least the following is recommended
· UE-initiated request of on-demand DL PRS transmission
· [bookmark: _Hlk65340490]LMF (network)-initiated request of on-demand DL PRS transmission
· Above enhancements are recommended for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions.


In RAN2 #113bis-e and #114-e, the following agreements regarding on-demand PRS in Rel-17 were reached in [8].
	Agreement:
UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData.  FFS how much control the network has over the UE request.
The UE-initiated mechanism is enabled by the UE request triggering a request from the LMF, and the actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated.
Put the stage 2 description for UE-initiated and LMF-initiated PRS request under the same framework


From the RAN2’s agreements, the UE-initiated request is enabled by the UE request triggering a request from the LMF. That is, whether the request of on-demand PRS is initiated by UE or LMF, the final request transmitted to gNB is decided by LMF. It is reasonable since LMF has a more comprehensive information of UEs’ on-demand requests, location service requests and measurement results, and can take all these factors into consideration to make a request. The same framework for UE-initiated and LMF-initiated PRS request can also reduce the overhead for studying the procedure.
Then we discuss about the use case for initiating a request of on-demand DL PRS on the UE side, which includes the following cases.
Case1: The requirement in QoS cannot be met. For example, the positioning accuracy or response time in QoS cannot be met.
Case2: Measurement results cannot meet the threshold. For example, the measured RSRP of UEs on the edge of the cell is too small. 
Case3: PRS configurations are not aligned with the UE expected.
Case1 is the most intuitive use case to request on demand DL PRS based on the current QoS IE (include horizontalAccuracy, verticalAccuracy and responseTime) and DL PRS configuration. However, it is difficult to select the specific DL PRS resource (beam) which can satisfy the requirement without measurement. So, in another two cases, we consider combining the measurement and/or location estimate with QoS information to request for on-demand DL PRS.
In case2, as far as we are concerned, at least RSRP measurement should be considered, and it can be considered jointly with QoS. For example, if QoS requirement and RSRP threshold both cannot be met, UE will initiate a request for on-demand DL PRS, including the RSRP related parameters such as bandwidth and repetition factors. If QoS requirement cannot meet but RSRP exceeds the threshold value, UE will initiate a request for the parameters which have little impact on RSRP such as requesting PRS measurement window for centralized PRS distribution to reduce measurement latency when the respond time in QoS cannot be met. In a word, the measurement results can somehow help to initiate the request of on-demand DL PRS.
In case3, when some PRS measurement results are not aligned with UE expected, UE can initiate a request for on-demand DL PRS. For example, UE cannot measure PRS within the configured angle measurement window such as expected AoD, or UE cannot measure PRS within the configured expected RSTD measurement window. In this case, UE can initiate on-demand DL PRS based on the measurement result and/or UE location for expected PRS configurations.
From the above discussion, it is worth noting that the measurement results (such as RSRP) and/or UE location estimate is helpful for the request of on-demand DL PRS. 
Proposal 16: 
· Consider combining the measurement results (such as RSRP) and/or UE location estimate to initiate specific on-demand DL PRS.
Parameters of on-demand PRS
In RAN2 #114-e meeting, the following agreement for on-demand DL PRS was agreed.
	Agreement:
The network can signal predefined PRS configurations to the UE and the UE can select one to request.  FFS if the UE can request a configuration with different parameters and exactly which parameters are flexible.
Define a new LPP assistance data IE which can contain a set of possible on-demand DL-PRS configurations, where each on-demand DL-PRS configuration has an associated identifier. 
This new LPP assistance data IE can be included in an LPP Provide Assistance Data message and/or a new posSIB.


In RAN1 #105, the potential parameters of on-demand DL PRS were discussed and the following agreement was achieved.
	[bookmark: _Hlk67490547]Agreement:
· [bookmark: _Hlk78792171]For potential signaling of one or more parameters (such signaling is not yet agreed) for both UE- and LMF- initiated on-demand DL PRS request, consider at least the following (all parameters will not necessarily be supported and all parameters may not be applicable to both UE-initiated and LMF-initiated on-demand DL PRS request)
1. Start/end time of DL PRS transmission
2. DL PRS resource bandwidth
3. DL-PRS resource set IDs
4. DL PRS resource IDs
5. DL PRS transmission periodicity and offset
6. DL PRS resource repetition factor
7. Number of DL PRS symbols per DL PRS resource
8. DL PRS muting patterns
9. DL PRS QCL information
10. Number of TRPs
11. Number of PRS resources per PRS resource set
12. Number frequency layers or frequency layer indicator
13. Beam directions 
14. Combsize, start PRB, Point A of DL PRS
15. ON/OFF indicator of the DL PRS
· FFS additional parameters indicated for UE and/or LMF initiated on-demand DL PRS request


It has been agreed that at least predefined on-demand DL PRS configuration is supported and FFS whether specific parameters should be supported. As far as we are concerned, except the predefined way, the on-demand DL PRS request of specific parameters is also important and should be supported for on-demand PRS. The predefined on-demand DL PRS, where each on-demand DL-PRS configuration has an associated identifier, is a good way to reduce the signaling overhead. However, the request of specific parameters is more flexible, when the predefined parameters cannot meet the actual requirement of positioning while the request of specific parameters for on-demand positioning may achieve the requirement. In addition to this, when only simple on-demand parameters are requested, for example, a large bandwidth is requested, the overhead of specific parameters is also low. Therefore, we think the two above ways to request for on-demand DL PRS should both be supported.
Proposal 17: 
· NR supports pre-configuration of multiple DL PRS configurations to UE.
Proposal 18: 
· The request of specific parameters for on-demand DL PRS should be supported.
For the pre-configuration of multiple DL PRS configurations, the PRS configurations are numbered with their associated identifier. One way is to preconfigure several lists of PRS configurations each consists of associated DL-PRS parameters (bandwidth, periodicity, repetition factor, frequency layer, muting etc.), and each list is associated with an identifier. Another way is to preconfigure several lists each associated with a single parameter with different values which are numbered with an identifier, for example, the list of bandwidth is preconfigured with 20MHz as 0, 50MHz as 1, 100MHz as 2 and 400MHz as 3. The first way is simpler and takes less signaling overhead than the second way, but the second way can be more flexible to combine various on-demand configurations.
Proposal 19: 
· Two ways to pre-configure multiple DL PRS configurations can be considered:
· Preconfigure several lists of PRS configurations each consists of associated DL-PRS parameters, and each list is associated with an identifier
· Preconfigure several lists each associated with a single parameter with different values which are numbered with an identifier
Another problem is whether the pre-configuration of the on-demand DL PRS should be preconfigured by gNB or LMF. For current PRS, gNB provide its PRS configuration to LMF and LMF transmit the PRS configuration to UE. However, for on-demand DL PRS pre-configuration, the initial intention is to enable LMF to configure on-demand PRS to gNB, or else gNB still cannot achieve the “on-demand” configuration. In addition, LMF can collect all positioning service requests and configure or update the on-demand DL PRS configuration more reasonable. Therefore, we think the LMF should decide the possible available on-demand PRS configuration and send it  to gNB.
Proposal 20: 
· The LMF should decide the possible available on-demand PRS configuration and send it  to gNB. 
Then we discuss the parameters of on-demand DL PRS request and configuration.
The intention of on-demand PRS is mainly for improving accuracy, reducing latency, improving network efficiency, and device efficiency. In section3.1, we have provided the possible use cases for request of on-demand DL PRS. It is noted that for case3, the expected PRS configuration for UE is also important to trigger a request for on-demand DL PRS. Therefore, some parameters associated with the trigger should also be included. From these perspectives, we think at least the following parameters should be supported for UE-initiated and LMF-initiated on-demand DL PRS request:
1. [bookmark: _Hlk78793282]ON/OFF indicator of the on-demand DL PRS
2. Start/end time of DL PRS transmission
3. DL PRS resource bandwidth
4. Number frequency layers or frequency layer indicator
5. DL PRS transmission periodicity and offset
6. PRS measurement window
7. DL PRS resource repetition factor
8. DL PRS muting patterns
9. Number of DL PRS symbols per DL PRS resource
10. Comb size, start PRB, Point A of DL PRS
11. Number of TRPs
12. DL PRS QCL information
13. Number of PRS resources per PRS resource set
14. Beam directions
15. Angle measurement window(similar to Expected AoA)
16. Antenna configurations
The ON/OFF indicator of the on-demand DL PRS, as far as we are concerned, is a basic and simplest way to enable on-demand PRS and should be supported firstly.
The ON request is a message to start the on-demand PRS transmission and the OFF request is a message to fallback to the PRS transmission with basic configurations. The basic ON request is easy to understand, for example, gNBs have been configured with normal PRS and on-demand PRS, and in general they only transmit normal PRS. Only when the gNBs receive the ON request they begin to transmit the on-demand PRS. The basic OFF request, for us, is more reasonable to be a message to fallback to the PRS transmission with the configuration to meet basic positioning requirements rather than turn off the PRS completely. One reason is that there is rarely a situation when the location service is not needed at all, another reason is that for idle/inactive UEs which cannot request for their requirement in time, or R16 UEs which don’t support on-demand PRS request, the network cannot assume these UEs do not need location service and turn off PRS transmission completely. Therefore, we think the basic OFF request should be intended to turn off on-demand PRS transmission and fallback to PRS transmission with a basic PRS configuration such as configuration of small bandwidth, long periodicity, low power or low resource overhead to meet the basic positioning requirement. 
When the on-demand DL PRS is preconfigured with several lists of PRS configurations each consists of associated DL-PRS parameters, and each list is associated with an identifier. In this case, UE/LMF can request to ON one PRS from the preconfigured PRS configuration lists. When UE/LMF request OFF message, it means the PRS should fallback to a basic configuration. When the on-demand DL PRS is preconfigure with several lists each associated with a single parameter with different values which are numbered with an identifier, UE/LMF can request to ON a parameter level of on-demand DL PRS. For example, ON request the value from resource set list can meet the lower latency requirement, and ON request the value from repetition factor list can guarantee the coverage.
Proposal 21: 
· [bookmark: _Hlk78810384]The ON/OFF request should be supported for UE-initiated and LMF-initiated on-demand DL PRS request.
· ON request of on-demand PRS means to start the transmission of on-demand PRS.
· OFF request of on-demand PRS means to turn off the transmission of on-demand PRS and fallback to the transmission of PRS with basic configurations.
For other parameters, start/end time of DL PRS transmission is to indicate the valid time duration of on-demand DL PRS, which can help UE to receive on-demand DL PRS in the corresponding timing. DL PRS resource bandwidth and number frequency layers or frequency layer indicator, are important parameters for improving accuracy. DL PRS transmission periodicity and offset and PRS measurement window can help for reducing the latency of positioning. DL PRS resource repetition factor can guarantee the coverage and DL PRS muting patterns can reduce the interference of on-demand DL PRS. Number of DL PRS symbols per DL PRS resource and comb size, start PRB, point A of DL PRS, are parameters to decide PRS pattern, which will also affect the performance of DL PRS. Number of TRPs is also a parameter for improving accuracy, different number of TRPs for positioning in different LoS conditions will lead to different performance. DL PRS QCL information, number of PRS resources per PRS resource set, beam directions, angle measurement window and antenna configurations are parameters associated with beam information and RSRP measurements, which can help decide the Tx and Rx beam, or improving the accuracy of angle-based positioning.
Proposal 22: 
· For UE-initiated and LMF-initiated on-demand DL PRS request, the following parameters should be supported:
· ON/OFF indicator of the on-demand DL PRS
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· Number frequency layers or frequency layer indicator
· DL PRS transmission periodicity and offset
· PRS measurement window
· DL PRS resource repetition factor
· DL PRS muting patterns
· Number of DL PRS symbols per DL PRS resource
· Comb size, start PRB, Point A of DL PRS
· Number of TRPs
· DL PRS QCL information
· Number of PRS resources per PRS resource set
· Beam directions
· Angle measurement window
· Antenna configurations
For the configuration parameters, most of the above request parameters should be supported. In addition to that, the priority of on-demand PRS should also be supported for on-demand DL PRS configuration. When the on-demand PRS and normal PRS positioning services are both required, or when different on-demand PRS positioning services are required, UE can receive and measure the corresponding PRS according to the priority.
Proposal 23: 
· For pre-configuration of on-demand DL PRS, the following parameters should be supported:
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· Number frequency layers or frequency layer indicator
· DL PRS transmission periodicity and offset
· PRS measurement window
· DL PRS resource repetition factor
· DL PRS muting patterns
· Number of DL PRS symbols per DL PRS resource
· Comb size, start PRB, Point A of DL PRS
· Number of TRPs
· DL PRS QCL information
· Number of PRS resources per PRS resource set
· Beam directions
· Angle measurement window
· Antenna configurations
· Priority of PRS

Other related issues of on-demand PRS
On-demand PRS capability
On-demand DL-PRS is not supported for UEs in Rel-15 or Rel-16 or earlier versions. In Rel-17, for those UEs support on-demand DL-PRS, they need report their capabilities to network, so that network can distinguish which UE is supportive of on-demand DL-PRS. And these UEs can be configured and take measurements with on-demand DL-PRS. For on-demand DL-PRS, UE capability is an important parameter that needs consideration.
Proposal 24: 
· On-demand PRS capability for UE needs to be defined and reported to network.
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 before ‘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, which can reduce physical layer latency nearly 20ms.
Proposal 25: 
· Support to introduce on-demand measurement gap for on-demand PRS in Rel-17.
· LMF requests 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 when the gNB receives an on-demand DL PRS request, gNB configures the on-demand measurement gap along with the PRS configuration.
Proposal 26: 
· The on-demand measurement gap can be configured along with the on-demand DL PRS.
· The on-demand measurement gap is requested with the request of on-demand DL PRS.
· The on-demand measurement gap is configured when gNB receives the request of on-demand DL PRS.

Interference caused by on-demand PRS
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 100M bandwidth as the high accuracy demand of some UEs; however, other UEs adjacent to this area still receive regular PRS with a small bandwidth like 20M and use the additional 80MHz to receive data, the ‘80MHz bandwidth data’ of these UEs will be interfered by the on-demand PRS. Another example is shown in figure 1, where TRP transmits the on-demand PRS with small periodicity as the request of some UEs, other UEs with a large PRS periodicity will be interfered by the small periodicity PRS.


Figure 1 Interference caused by on-demand PRS
Proposal 27: 
· Interference problems caused by on-demand PRS should be considered and solved by RAN1.
To solve the interference problem, introduce new muting mechanism can be considered. Since the on-demand PRS may change PRS periodicity, bandwidth, frequency layer and PRS pattern, the existing muting mechanism which can only mute PRS in resource set or repetition level is insufficient. As far as we are concerned, at least the muting pattern of frequency domain level should be supported. The muting pattern of resource level, periodicity level can also be further considered to avoid interference.
Proposal 28: 
· Support to introduce PRS muting pattern of frequency domain level.
· Further discuss whether to introduce PRS muting pattern of resource level or periodicity level.
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 normal PRS are both existed, it is unclear how UE measures the on-demand DL PRS and normal 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 normal PRS should be studied. 
Proposal 29: 
· 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 proposals.
Proposal 1: 
· Validity criteria of PRS configuration in inactive state delivered by LPP message in connected state should be considered, e.g. validity criteria of UE/cell-specific PRS configuration such as priority indication, expected RSTD etc.
Proposal 2: 
· Support to reuse QCL configuration in connected state for PRS reception for inactive UEs.
Proposal 3: 
· The relationship between PRS measurement and initial DL BWP should be further studied, e.g. including
· how to support UE to process PRS outside the initial DL BWP and/or PRS whose SCS is different with the initial DL BWP
Proposal 4: 
· In inactive state, when PRS and other DL signals (e.g. SSB, SIB1, COREST0, MSG2/MSGB, paging, etc.) are in the same symbol, how the UE processes PRS should be considered.
Proposal 5: 
· The data size optimization of positioning report especially for positioning measurements in inactive state should be considered, e.g. including the following options
· priority indication for TRPs/PRSs to be measured and reported 
· differential report between continuous report
Proposal 6: 
· DL positioning capability should be defined in inactive state, e.g. including at least
· DL PRS processing capability in inactive state
· DL PRS resource capability in inactive state
Proposal 7: 
· Support SRS for positioning as UL positioning RS in inactive state.
· Support to transmit configuration of SRS for positioning via RRC release when UE is in connected state for UL positioning in inactive state.
Proposal 8: 
· 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 is received
· UE has valid TA  
· UE has valid spatial relation RS
· UE has valid power control RS
Proposal 9: 
· Regarding TA validation for SRS transmission in inactive state, support to use TA validation mechanism for CG-SDT as a reference, including:
· TAT based TA validation
· RSRP based TA validation
Proposal 10: 
· Regarding spatial relation RS validation for SRS transmission in inactive state, the following validity criteria 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 11: 
· Support to enable SRS beam sweeping in inactive state.
· SRS repetition during beam sweeping can be considered.
Proposal 12: 
· For SRS power control in inactive state, support to reuse open loop power control mechanism in connected state in Rel-16 positioning, including:
· Configure power control related parameters towards multiple cells via RRC release.
· Reuse validity criteria of accurately measurement and related fallback behavior for pathloss RS measurement in 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 13: 
· 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 request/update the SRS configuration; or remaining in inactive state to perform UL positioning and request/update SRS configuration
· Both UE and gNBs release previous SRS configuration applied in inactive state
Proposal 14: 
· Transmission of the SRS configuration while retaining the UE in inactive state can be considered.
Proposal 15: 
· Prioritize the work on separate DL positioning and separate UL positioning in inactive state, and then work on the DL and UL positioning in inactive state.
Proposal 16: 
· Consider combining the measurement results (such as RSRP) and/or UE location estimate to initiate specific on-demand DL PRS.
Proposal 17: 
· NR supports pre-configuration of multiple DL PRS configurations to UE.
Proposal 18: 
· The request of specific parameters for on-demand DL PRS should be supported.
Proposal 19: 
· Two ways to pre-configure multiple DL PRS configurations can be considered:
· Preconfigure several lists of PRS configurations each consists of associated DL-PRS parameters, and each list is associated with an identifier
· Preconfigure several lists each associated with a single parameter with different values which are numbered with an identifier
Proposal 20: 
· The LMF should decide the possible available on-demand PRS configuration and send it  to gNB. 
Proposal 21: 
· The ON/OFF request should be supported for UE-initiated and LMF-initiated on-demand DL PRS request.
· ON request of on-demand PRS means to start the transmission of on-demand PRS.
· OFF request of on-demand PRS means to turn off the transmission of on-demand PRS and fallback to the transmission of PRS with basic configurations.
Proposal 22: 
· For UE-initiated and LMF-initiated on-demand DL PRS request, the following parameters should be supported:
· ON/OFF indicator of the on-demand DL PRS
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· Number frequency layers or frequency layer indicator
· DL PRS transmission periodicity and offset
· PRS measurement window
· DL PRS resource repetition factor
· DL PRS muting patterns
· Number of DL PRS symbols per DL PRS resource
· Comb size, start PRB, Point A of DL PRS
· Number of TRPs
· DL PRS QCL information
· Number of PRS resources per PRS resource set
· Beam directions
· Angle measurement window
· Antenna configurations
Proposal 23: 
· For pre-configuration of on-demand DL PRS, the following parameters should be supported:
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· Number frequency layers or frequency layer indicator
· DL PRS transmission periodicity and offset
· PRS measurement window
· DL PRS resource repetition factor
· DL PRS muting patterns
· Number of DL PRS symbols per DL PRS resource
· Comb size, start PRB, Point A of DL PRS
· Number of TRPs
· DL PRS QCL information
· Number of PRS resources per PRS resource set
· Beam directions
· Angle measurement window
· Antenna configurations
· Priority of PRS
Proposal 24: 
· On-demand PRS capability for UE needs to be defined and reported to network.
Proposal 25: 
· Support to introduce on-demand measurement gap for on-demand PRS in Rel-17.
· LMF requests measurement gap should be supported.
Proposal 26: 
· The on-demand measurement gap can be configured along with the on-demand DL PRS.
· The on-demand measurement gap is requested with the request of on-demand DL PRS.
· The on-demand measurement gap is configured when gNB receives the request of on-demand DL PRS.
Proposal 27: 
· Interference problems caused by on-demand PRS should be considered and solved by RAN1.
Proposal 28: 
· Support to introduce PRS muting pattern of frequency domain level.
· Further discuss whether to introduce PRS muting pattern of resource level or periodicity level.
Proposal 29: 
· [bookmark: _GoBack]The priority of on-demand DL PRS and normal PRS should be considered.
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