[bookmark: _GoBack]3GPP TSG RAN WG1#106bis-e	 	 	R1-2109679
e-Meeting, October 11th – 19th, 2021

Source:	NTT DOCOMO, INC.
Title:	Discussion on mitigating UE and gNB Rx/Tx timing delays
[bookmark: Source]Agenda Item:	8.5.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN#91-e meeting, updated WID on NR positioning was agreed [1]. The work item includes RAN1-led objectives as follows:
The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. The objective of this work item also includes the support of GNSS enhancements.  
The specific objectives of this work are:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

Notes: 
Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
RAN working groups will take into account the work from other working group SA/CT which involves same objectives.
· The WID is subject to further update in RAN #91 for RAN1/2/3/4 scoping.

In this contribution, we present our view on mitigating UE and gNB Rx/Tx timing delays for Rel-17 NR positioning.

2. Potential enhancements for mitigating UE and gNB Rx/Tx timing delays
2.1. Multiple measurement instances in a single measurement report
Reporting multiple measurement instances in a single measurement was discussed and the following agreement and proposal were made at the previous meetings [2][5].
 RAN1#104-e meeting
Agreement:
Support enabling
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning, and 
· A TRP to report one or more measurement instances (of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements) in a single measurement report to LMF, and
· Each measurement instance is reported with its own timestamp
· FFS: The measurement instances are within a [configured] measurement time window
· FFS: Each UE measurement instance can be configured with N instances of the DL-PRS Resource Set
· FFS: N (including N=1)
· FFS: Each TRP measurement instance can be configured with M SRS measurement time occasions
· FFS: M (including M=1)
· FFS: details of signalling, procedures, and UE capability if any
· FFS: whether and how to consider the additional enhancement related to measurement reporting of multi-paths and quality metric
· Note 1: A measurement instance refers to one or more measurements, which can either be the same or different types, which are obtained from the same DL PRS resource(s), or the same UL SRS resource(s).
· Note 2: This enhancement has no intention to change the mapping of measurement types to Rel-16 positioning techniques and no intention to introduce new positioning techniques either.

RAN1#106-e meeting
Proposal 5-3a
· Each UE measurement instance in a measurement report can be configured by LMF with N instances of the DL-PRS Resource Set, where N can be configured with one or more of the following alternatives (downseletion in RAN1#106b) :
· Alt.1: per measurement report
· Alt.2: per TRP
· Alt.3: per positioning frequency layer
· Alt.4: per DL PRS resource set
· The values of N can be
· Option 1: N=[1,2, 4, 8,…,256]
· Option 2: N is decided by RAN4
· Each gNB measurement instance in a measurement report can be configured by LMF with M SRS measurement time occasions, where M can be configured by LMF with one or more of the following alternatives (downseletion in RAN1#106b):
· Alt.1: per measurement report
· Alt.2: per UE
The values of M can be
· Option 1: M=[1,2, 4, 8,…,256]
· Option 2: M is decided by RAN4

Rel-16 NR supports a single measurement instance per a measurement report. In order to mitigate timing error at UE/TRP, increasing the number of measurement instances would be helpful for both UE and TRP. In Rel-17 NR positioning, we think the number of measurement instances at both UE and TRP should be increased as N>1 for UE and M>1 for TRP in the above proposal. By the way, these discussion may be highly related to UE feasibility since the number of samples per measurement instance at UE is specified in RAN4 specification. Considering the situation, it may be better to leave the remaining discussion to RAN4 (e.g. Option 2 in the above proposal).
Observation 1:
· We can consider to leave the remaining discussion regarding the number of measurement instances to RAN4

On the other hand, if RAN1 discuss the number of measurement instances, we think it may also need to consider the overhead of single measurement reporting. For example, when DL-PRS periodicity is configured with 40ms and the number of measurement instances is set to 256, it requires 10.24s in order to perform single measurement reporting. Therefore, the maximum number of measurement instances may be enough to be less than 256.
Observation 2:
· If RAN1 discuss the number of measurement instances, it may also need to consider the overhead of single measurement reporting

2.2. Mitigating Rx/Tx timing errors for UL-TDOA
Regarding mitigating timing error for UL-TDOA, the following agreement was made at the previous meeting [3].
 Agreement:
· For mitigating UE Tx timing errors for UL TDOA, support  one of the following options:
· Option 1: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 
· FFS: Support LMF to forward the association information provided by the UE to the serving and neighboring gNBs
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs
· FFS: UE should be able to report capability information related to Tx TEGs to LMF via LPP signalling
· Support gNB to report the associated SRS resource ID/resource set ID of the RTOA measurement to LMF


In order to mitigate UE Tx timing errors for UL-TDOA, how to report the association information of UL-PRS resources with Tx TEGs was discussed, and then, two options were made as in the above agreement. Regarding Option 1, it may have less signaling overhead than Option 2 since a UE reports the association information directly to LMF (e.g. via LPP). On the other hand, in Option 2, a UE reports the association information to gNB firstly. Then, the gNB forwards the reported association information to LMF. In this case, since the gNB understand the association between UL-PRS resources and TEGs, it may be helpful for gNB to configure the UL-PRS to the UE. 
Proposal 1:
· We can consider the following option to support mitigating UE Tx timing errors for UL-TDOA
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs

However, considering the discussion at the last meeting, we also consider to leave the remaining discussion to RAN2/3 since we think the discussion points are related to signaling procedure.
Observation 3:
· RAN1 also consider to leave the remaining discussion (e.g. which of the following options should be supported) to RAN2/3
· Option 1: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 
· FFS: Support LMF to forward the association information provided by the UE to the serving and neighboring gNBs
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs

2.3. Definition of UE Rx-Tx time difference measurements
Regarding definition of UE Rx-Tx time difference measurements, the following agreement was made at the last meeting [4].
 Agreement:
· 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 options are not precluded. 

Regarding Option 2 in the above agreement, there are two options (i.e. Option 3A and Option 3B) to report the Timing Adjustment (TA) change information. We think it needs to consider when the TA change occur. If the TA change value depends on UE Tx TEG, the TA change information should be reported in the UE Tx TEG report. On the other hand, if TA change is expected to occur at every measurement, the TA change information should be reported in Rx-Tx measurement report.
Observation 4:
· Regarding how to report TA change information, it may need to discuss when the TA change occur

3. Conclusion
In this contribution, we discussed on mitigating UE and gNB Rx/Tx timing delays. Based on the discussion, we made following observations and proposal.
Observation 1:
· We can consider to leave the remaining discussion regarding the number of measurement instances to RAN4
Observation 2:
· If RAN1 discuss the number of measurement instances, it may also need to consider the overhead of single measurement reporting
Observation 3:
· RAN1 also consider to leave the remaining discussion (e.g. which of the following options should be supported) to RAN2/3
· Option 1: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 
· FFS: Support LMF to forward the association information provided by the UE to the serving and neighboring gNBs
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs
Observation 4:
· Regarding how to report TA change information, it may need to discuss when the TA change occur
Proposal 1:
· We can consider the following option to support mitigating UE Tx timing errors for UL-TDOA
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs
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Appendix
At the RAN1#104-e meeting, the following definitions of word in this agenda item were agreed [2].
Agreement:
The following definitions are used for the purpose of discussion of internal timing errors (these terms are not agreed to be included in the specifications):
· Tx timing error: From a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Tx time delay for the transmission of the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Tx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Tx time delay after the calibration, or the uncalibrated Tx time delay is defined as Tx timing error. 
· Rx timing error: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Rx time delay before it reports the measurements that are obtained from the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Rx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Rx time delay after the calibration, or the uncalibrated Rx time delay is defined as Rx timing error. 
· UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.
· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.
· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.
· UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
· TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
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