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Introduction
This contribution discusses Rel-17 NR positioning enhancements specifically in association information of SRS, Impact of TA at UE side, maximum number of reported RSTD, Reporting of TRP Rx/Tx/RxTx TEG IDs, measurement time window (MTW) and multiple reference timing.

Accuracy improvement for timing based positioning measurement
Association information of SRS resources and UE Tx TEGs
In the previous meeting [1], it was discussed that proving association information of UL SRS resources to either gNB or LMF in accordance with positioning method (UL-TDOA/multi-RTT). 
	Working assumption:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.


In case of multi-RTT, LMF request measurement report though LPP and then UE also reports the measurement report through the LPP in accordance with request. Since LPP signaling between UE and LMF is already exist, adding information regarding the association information of UL SRS resources to current measurement request and measurement report seems quite natural.
Observation 1: 
· Since LPP signaling between UE and LMF is already existed, adding information regarding the association information of UL SRS resources to current measurement request and measurement report seems quite natural. 
In addition to that LMF can request UE to provide the association information of UL SRS resources, considering the fact that gNB can decide SRS configuration, it seems appropriate that gNB can request UE to provide association information of SRS resources for the proper decision. That is, it makes that gNB can decide which SRS resources can be used immediately when LMF requests the decision. Hence, we think that RAN1 should support that the serving gNB to request a UE to provide the association information regardless of UL / DL+UL positioning method.
Observation 2: 
· If serving gNB can request a UE to provide the association information of SRS resource, gNB can decide which SRS resources can be used immediately when LMF requests the decision on SRS resources.
Proposal 1: 
· Multi-RTT, RAN1 should support that both LMF and gNB can request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly. 
Regarding providing the association information for neighbor TRP or not, we think it seems unnecessary since SRS resource ID is already agreed to be reported and LMF also can know which Tx TEG is related. So, RAN1 should not support proving the association information for neighbor TRP. 
Proposal 2: 
· For Multi-RTT, RAN1 should not support proving the association information for neighbor TRP.

Impact of TA on UL measurements 
In the previous 106-e meeting [2], followings are agreed to resolve the ambiguity problem when UE changes its Tx timing by autonomous and/or command. Even though we discussed the point in the last meeting [1], we were not able to come to a conclusion.
	Agreement (RAN1#106e):
· Consider supporting one of the following alternatives related to the UE Rx-Tx time difference (decision to be made in RAN1#106b):
· Option 1: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.
· Option 2: 
· Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information
· Option 3A: The TA change information is included in the UE Tx TEG report
· Option 3B: The TA change information is included in the Rx-Tx measurement report
· Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
· Option 3: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it is up to UE to compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS, or include the difference (Timing Adjustment change) without compensation within the report
Other


In general, the functionalities of the listed options are the same and all of them work well. Regarding listed options, we think main different between option 1/3 (up to UE) and option 2 (up to gNB) is the subject of dealing with it. In our understanding, both option 1 and option 3 not only require UE to report additional time stamp but also additional modification to UE Rx-Tx time difference definition. In this respect, we think that more specification change is required if either option 1 or option 3 is supported. Besides, if there are multiple TA changes between adjacent PRS occasions, the UE may need to report additional Rx-Tx time difference measurements and it induces reporting overhead. On the other hand, in the case of option 2, since UE just needs to report TA change information when transmission timing is changed, we think option 2 is the simplest way to solve the ambiguity problem. 
Proposal 3:
· Regarding TA change for UL positioning measurement, RAN1 should support option 2(reporting Timing Adjustment (TA) change information) to enhance Multi-RTT accuracy enhancement. 
If reporting TA change information (option 2) is supported, the remaining issue is where the information is reported. Currently, we have not yet discussed details of UE Tx TEG report like whether it is transmitted periodically or not. Actually, the original intention of UE Tx TEG report is to provide the related information such as association is changed. In addition, the event of TA is independent to change of association. Considering these aspects, we think the measurement report is more suitable for conveying the TA change information.
Observation 3:
· The original intention of UE Tx TEG report is to provide the related information such as association is changed.
· The event of TA change is independent to the change of association between Tx TEG and SRS resources 
Proposal 4:
· If reporting TA change information from UE is supported, RAN1 needs to consider the measurement report as conveying the TA change information. 
Considering the remaining time and the fact that we were unable to reach an agreement, we suggest another alternative that is using time duration (or window) for SRS transmission. If UE applies fixed TA for SRS within the configured time duration (or window), the issue can be solved without changing the current definition of Rx-Tx time difference. 
Proposal 5: 
· To solve the differentiation problem from TA changes, consider introducing time duration (or window) where UE applies fixed TA.

Maximum number of reported RSTD
	Agreement:
Make the following modification on the previous agreement made in RAN#106e:
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· N=[2, 3, 4, 6, 8] (FFS: other values), where the maximum value of N depends on UE capability
· The TRP can be either a “RSTD” reference TRP or a neighbour TRP
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple RSTD measurements in the same measurement report can be the same or different.
· Note: All RSTD measurements are relative to a single reference timing
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.
· M = [2, 3, 4, 6, 8] (FFS: other values)
· FFS: details of the signalling, procedures
· The timestamps of the multiple RTOA measurements in the same measurement report can be the same or different. 


According to current specification, subject to UE capability, UE may report up to 4 DL RSTD measurements. But, the concept of TEG is not considered in the assumption. If it is assumed that UE can measure PRS with different 4 Rx TEG for the same reference timing, UE can report only one RSTD measurement per Rx TEG. Even though the multiple RSTDs can be measured at each Rx TEG, UE has no choice but to report only one RSTD measurement per Rx TEG. So, if it is supported for UE to measure PRS with multiple Rx TEGs, RAN1 should also consider extending the current maximum number of DL RSTD measurements per TRP.
Observation 4: 
· Even though the multiple RSTD can be measured at each Rx TEG, UE has no choice but to report only one RSTD measurement per Rx TEG if current regulation that UE may report up to 4 DL RSTD measurements is applied.
Proposal 6:
· RAN1 should consider extending the current maximum number of DL RSTD measurements per TRP.
Regarding the number of UE Rx TEGs (N), we think that N=8 is appropriate by considering the supported maximum number of Rx antennas at UE.
Proposal 7:
· Regarding the number of UE Rx TEGs (N), N=8 seems appropriate by considering the supported maximum number of Rx antennas at UE.
We need to discuss whether the UE always reports the measurement results as much as the number of reported UE Rx TEGs (N). For example, even though UE reports that N Rx TEG can be used, the measurement results from some Rx TEGs might have low performance and they would not be useful for LMF. Considering the point, we think that RAN1 should allow UE to report a smaller value of measurement results than the reported capability. 
Observation 5: 
· When UE reports that N Rx TEG can be used, the measurement results from some Rx TEGs might have low performance and they would not be useful for LMF to estimate location of UE.
Proposal 8:
· RAN1 should allow UE to report a smaller value of measurement results than the reported capability. 

Reporting of TRP Rx/Tx/RxTx TEG IDs with Rx-Tx time difference measurements
Regarding measurement reporting for DL+UL positioning, following was made in the previous meeting [1].
	Agreement:
· For mitigating TRP Tx/Rx timing errors for DL+UL positioning, when a gNB reports a gNB Rx-Tx time difference measurement, the gNB can support either or both of the following options:
· Option 1: Reporting of a TRP RxTx TEG ID, and optionally a TRP Tx TEG ID
· Option 2: Reporting of a TRP Rx TEG ID and a TRP Tx TEG ID
· Note: The TRP Rx TEG ID is associated with one UL positioning SRS resource (or more UL positioning SRS resources) corresponding to the Rx time of the gNB Rx-Tx time difference measurement.
· If a TRP Tx TEG ID is reported with a gNB Rx-Tx time difference measurement, the gNB also reports the association of the TRP Tx TEG ID to the DL PRS resource(s) to the LMF under the condition that the TRP has more than one DL PRS resource.
· FFS: how the association of the Tx TEG ID to the DL PRS resource(s) is determined by the TRP and how the association is reported to the LMF.
· FFS: details of the signalling


 We think that supporting all of options seems redundant since both options have same functionality. In addition, since TRP already reports Rx TEG ID in the measurement report for UL positioning and provides association information regarding Rx TEG and Tx TEG respectively to LMF, we prefer to only support option #2. 
Proposal 9: 
· For mitigating TRP Tx/Rx timing errors for DL+UL positioning, select option #2 (i.e., Reporting of a TRP Rx TEG ID and a TRP Tx TEG ID.)

Measurement time window (MTW)
The following agreement was made in RAN1#106-e related to the measurement time window (MTW) [2]:
	Agreement:
Consider the following options (both could be selected) until RAN1#106b-e
· Option 1: Support LMF to optionally indicate the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
· Option 2: Support LMF to optionally indicate the measurement time window for a gNB for the measurement instances included in a measurement report.
· FFS: the details of the MTW configuration.
· Any requirements can be discussed by RAN4 after decision on the options is made.


 Since the intention of MTW is providing more relevant measurement results from time domain, we think that indicating MTW for both UE and gNB seems appropriate. In addition, we are sure that providing measurement results gathered from UE and gNB within specific duration is very effective way for LMF to calculate UE’s location more precisely. So, RAN1 should consider all of options for DL positioning measurement.
Proposal 10: 
· RAN1 should support configuring MTW for both UE and gNB.

Regarding MTW configuration, it can be indicated from two different point of view. The first option is introducing positioning radio frame (PRF) in which a single or multiple MTW(s) may exist as shown in Figure 1. The configuration of PRF can be composed of offset and cycle and then details about MTW in this PRF can be configured with start offset/duration/repetition factor (and/or including time gap). Figure 1 shows an example of MTW configuration as described above.
[image: ]
Figure 1 An illustrative example of MTW configuration #1. 

The second option is that LMF provides both UE and gNB with MTW related information when LMF transmits measurement request and then MTW can start after receiving the request at UE. Figure 2 shows the illustration of the second option.
[image: ]
Figure 2 An illustrative example of MTW configuration #2.

The configuration of MTW can be also composed of time offset and/or duration and/or repetition (and/or including time gap). 
Proposal 11: 
· Regarding configuration of measurement time window (MTW), RAN1 should consider following ways to indicate/configure it.
· Type #1: predefined configuration
· Introducing positioning radio frame (PRF) in which a single or multiple MTW(s) may exist.
· Start timing offset and/or duration and/or repetition factor (and/or including time gap) for detail configuration of MTW(s). 
· Type #2:dynamic configuration
· [bookmark: _GoBack]MTW can starts after the message from LMF such as positioning measurement request.  
· Start timing offset and/or duration and/or repetition factor (and/or including time gap) for detail configuration of MTW(s). 

In addition to configuration of MTW, we also need to consider the behaviour of both UE and gNB. That is, we need to decide whether UE and gNB can only fulfil the positioning measurement within MTW or not. The reason why we discuss about it is that UE and gNB have to wait until start timing of MTW if UE and gNB cannot perform positioning measurement without MTW. In this perspective, RAN1 should allow both UE and gNB to perform positioning measurement regardless of MTW.
Observation 6: 
· UE and gNB have to wait until start timing of MTW if UE and gNB cannot perform positioning measurement without MTW.
Proposal 12: 
· RAN1 should allow both UE and gNB to perform positioning measurement regardless of MTW.

Furthermore, considering specific use cases that LMF wants to indicate both UE and gNB to perform positioning measurement within MTW, RAN1 also needs to discuss on the details such as related signaling, procedure and etc. 
Proposal 13: 
· Considering specific use cases that LMF wants to indicate both UE and gNB to perform positioning measurement within MTW, RAN1 also needs to discuss about it in detail such as related signaling, procedure and etc.

Multiple reference timing
Based on current specification, a single reference timing (e.g. reference TRP) is provided for UE to calculate RSTD. However, if channel condition related to resource set and/or resource(s) for configured reference TRP is poor, UE may select resources of different TRP on its own and the related measurement can be reported. Likewise, configuring a single reference timing highly depends on the external environment. From this perspective, mechanism such as by introducing multiple reference timing to UE can be considered. Multiple reference timings can provide more timing information than a single reference TRP scenario for UE to calculate RSTD, and the increased degree of freedom can provide more accurate performance. 
In addition, the reference timing for each Rx TEG may need to be different because the channel condition for each Rx TEG might be different. In this regard, multiple reference timings also need to be considered. 
Observation 7: 
· Configuring a single reference timing highly depends on the external environment
Proposal 14: 
· RAN1 needs to consider the configuration of multiple reference timings for DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements.

Conclusion
In this contribution, we have discussed Rel-17 NR positioning enhancements especially in association information of SRS, Impact of TA at UE side, maximum number of reported RSTD, Reporting of TRP Rx/Tx/RxTx TEG IDs, measurement time window (MTW) and multiple reference timing. 

Association information of SRS resources and UE Tx TEGs
Observation 1: 
· Since LPP signaling between UE and LMF is already existed, adding information regarding the association information of UL SRS resources to current measurement request and measurement report seems quite natural. 
Observation 2: 
· If serving gNB can request a UE to provide the association information of SRS resource, gNB can decide which SRS resources can be used immediately when LMF requests the decision on SRS resources. 
Proposal 1: 
· Multi-RTT, RAN1 should support that both LMF and gNB can request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly. 
Proposal 2: 
· For Multi-RTT, RAN1 should not support proving the association information for neighbor TRP.

Impact of TA on UL measurements
Proposal 3:
· Regarding TA change for UL positioning measurement, RAN1 should support option 2(reporting Timing Adjustment (TA) change information) to enhance Multi-RTT accuracy enhancement. 
Observation 3:
· The original intention of UE Tx TEG report is to provide the related information such as association is changed.
· The event of TA change is independent to the change of association between Tx TEG and SRS resources 
Proposal 4:
· If reporting TA change information from UE is supported, RAN1 needs to consider the measurement report as conveying the TA change information. 
Proposal 5: 
· To solve the differentiation problem from TA changes, consider introducing time duration (or window) where UE applies fixed TA.

Maximum number of reported RSTD
Observation 4: 
· Even though the multiple RSTD can be measured at each Rx TEG, UE has no choice but to report only one RSTD measurement per Rx TEG if current regulation that UE may report up to 4 DL RSTD measurements is applied.
Proposal 6:
· RAN1 should consider extending the current maximum number of DL RSTD measurements per TRP.
Proposal 7:
· Regarding the number of UE Rx TEGs (N), N=8 seems appropriate by considering the supported maximum number of Rx antennas at UE.
Observation 5: 
· When UE reports that N Rx TEG can be used, the measurement results from some Rx TEGs might have low performance and they would not be useful for LMF to estimate location of UE.
Proposal 8:
· RAN1 should allow UE to report a smaller value of measurement results than the reported capability. 

Reporting of TRP Rx/Tx/RxTx TEG IDs with Rx-Tx time difference measurements
Proposal 9: 
· For mitigating TRP Tx/Rx timing errors for DL+UL positioning, select option #2 (i.e., Reporting of a TRP Rx TEG ID and a TRP Tx TEG ID.)

Measurement time window (MTW)
Proposal 10: 
· RAN1 should support configuring MTW for both UE and gNB.
Proposal 11: 
· Regarding configuration of measurement time window (MTW), RAN1 should consider following ways to indicate/configure it.
· Type #1: predefined configuration
· Introducing positioning radio frame (PRF) in which a single or multiple MTW(s) may exist.
· Start timing offset and/or duration and/or repetition factor (and/or including time gap) for detail configuration of MTW(s). 
· Type #2:dynamic configuration
· MTW can starts after the message from LMF such as positioning measurement request.  
· Start timing offset and/or duration and/or repetition factor (and/or including time gap) for detail configuration of MTW(s). 
Observation 6: 
· UE and gNB have to wait until start timing of MTW if UE and gNB cannot perform positioning measurement without MTW.
Proposal 12: 
· RAN1 should allow both UE and gNB to perform positioning measurement regardless of MTW.
Proposal 13: 
· Considering specific use cases that LMF wants to indicate both UE and gNB to perform positioning measurement within MTW, RAN1 also needs to discuss about it in detail such as related signaling, procedure and etc.

Multiple reference timing
Observation 7: 
· Configuring a single reference timing highly depends on the external environment
Proposal 14: 
· RAN1 needs to consider the configuration of multiple reference timings for DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements.
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