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Introduction
[bookmark: _Hlk510705081]Rel.17 WID [1] has NR positioning WI objectives that require RAN4 involvement. In order to improve time-based measurements such as RSTD, RTOA, UE RX-TX time difference and gNB TX-RX time difference, the timing delay in a transmitter chain and a receiver chain needs to be identified. 
	· 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



As initially discussed in RAN4#99, RAN4 has received LS from RAN1 in [3] regarding UE/TRP Tx/Rx Timing Errors. In this paper, we discuss views on the agreements and questions from RAN1 LS. 
Discussion 

1.1.1  Calibration error/residual timing error
Large part of the RAN1 efforts are found on timing error mitigation. In order to improve time-based measurements such as RSTD, RTOA, UE RX-TX time difference and gNB TX-RX time difference, the timing delay in a transmitter chain and a receiver chain needs to be identified. 

	· FFS: RAN4 to study if TEG appears static, semi-static or dynamic in TX/RX scenarios considering various front-end parameters and conditions
· FFS: If time variant behavior has effect on TEG association
· [bookmark: _Hlk78965108]FFS: Feasibility study on absolute Tx/Rx timing error estimation in DL-TDOA if TEG changes measurably statically or semi-statically.
· Candidate options
· Option 1: The remaining Rx/Tx time delays after the calibration are unknown to the UE/TRP and therefore cannot be provided
· Option 2: TBA



[bookmark: _Hlk78968994]
A device has several RF impairment calibrations at a manufacturing stage or under user usage. Usually, calibrations are up to device implementations, accuracy of RF components such as timing offset or frequency offset after calibrations are defined as minimum requirements in RAN4. However, this timing offset for positioning is a bit unique, because it attempts to further mitigate residual timing error after calibrations. Basically, this work item is arguing nano second level timing error to mitigate cm-positioning accuracy.

Observation 1 : this timing offset mitigation for positioning is a unique process, because it attempts to further mitigate residual timing error after calibrations. Basically, this work item is arguing nano second level timing error mitigation to achieve centi-meter location estimation accuracy.  
Companies may have different idea on the residual timing error after calibrations, and it is unclear what and how the calibrations are assumed in option-1 above. Devices in some companies assume microsecond level offset to meet the current requirement, or others assume nano seconds level offset after a would-be advanced calibration. In fact, we need more study if such an advanced calibration is possible internally in a device in a real-time. From option-1, we comment to be on the same page that RAN1 is studying to improve performance up to cm-level positioning accuracy with time-based positioning measurements with nano-second level accuracy. 
Next, RAN4 needs to study what component can cause Tx/Rx timing error. As exemplary study, we identify delays from components below can be improved:
· Cable delay : eCPRI cable connection cable between DU and RU can cause delay depending on the cable length. Distrubted antenna systems also need additional cable connection in state-of-art basestations.
· Antenna array : for both narrow and broad beam configurations dynamic UE/gNB antenna array phase center offset may be a sizable contributor to TOA/TOD errors. These offsets can be seen also as timing delays that are dependent on the formfactor of the device, antenna panel used as well as the beam configuration [5].
· Baseband sampling rate and offset : this is related with bandwidth. Sampling timing and offset causes timing error.
· Circuit delay in RF chains : A RF circuit consist of DAC, filters, mixer, PA etc. Each element has inherent delay up to 10ns delay. TX and RX delays appear asymmetric.
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Observation 2 : Time variant nature of TEG depends on various parameters which can be static or semi-static. The examples of parameters affecting TEG can be categorized as follows:
	Delay characteristic
	Example of delay sources

	Static
	RU and DU connection cables

	Semi-static
	temperature, RF chain, frequency band, antenna array panel, baseband sampling rate and sampling offset

	Dynamic
	noise, interference



In this WI, a requirement is not about measurement of timing error in RX. A device is not necessarily required to track the residual error in real-time. Intention of the TEG is firstly whether timing variation error can be grouped per one RF configuration. For example, when a BW, a FFT size and a beam are configured as one RX set up, it is about whether an absolute TE from the configuration can be defined in timing error grouping manner or not. RAN1 defines the TEG per RX and TX, and TRP and UE respectively, RAN4 can further investigate time variant nature of above parameters on TEG association needs to be studied further in RAN4 for timing error grouping.
[bookmark: _Hlk78965755][bookmark: _Hlk78964795]Proposal 1: The effects of above time variant nature of above parameters on TEG association needs to be studied further in RAN4 for timing error grouping.
Regarding how to know TE, it needs more study if a device can internally estimate or calibrate at certain level. If it cannot be measured in a device internally, RAN1 currently discuss an external device to measure the timining error at a known location. RAN4 needs to monitor the discussion. 
	RAN1#105 Agreement :

· RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
· Notes: 
· The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
· PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
1. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
2. Transmit the UL SRS signals for positioning
· PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.




Although we provide analysis on timing error, this is unlikely to impact to RAN4 requirements. In practice, it is hard to specify such nano second level timing error quantity in a spec, since it is treated as being covered by RF margin. RAN4 has not removed the RF margin in certain shape before. We think RAN4 can conduct feasibility study and state possible conclusion in the RRM spec, but there seems no way to define performance requirement on timing error measurement or mitigation.
Proposal 2 : RAN4 conducts feasibility study on timing error mitigation/measurement, but no performance spec impact is expected. 
    - A new device requirement ( i.e. positioning reference unit) is FFS up to RAN1/2 conclusion.

1.1.2  TEG grouping approach
	· Candidate options
· Option 1: 
· [bookmark: _Hlk78966124]UE/TRP may group the timing error (with or without calibration) based on RF chains and antenna panel, such that timing errors in the same group are within certain margin
· UE/TRP may not be able to ensure that timing errors are within the same margin 
· Option 2: Discuss and conclude whether UE Rx and UE Tx timing error can be grouped based on antenna panel, RF chain, frequency, baseband sampling rate, SRS antenna switching, etc. 
· Option 3: No grouping according to UE Rx and UE Tx timing errors, rather defining association information for which transmission/reception (chain) the timing error difference between transmissions/receptions are within a margin delta
· Other options not precluded




[bookmark: _Hlk78965826]Although more investigation is required if more parameters need to be considered, we intent to drive the study to support option-1. With parameters listed in option-2, relevance should be investigated by RAN4. 
These groups of options would all be useful if possible in practice. For the first group which aims at corrected the errors: Based on the definition of Tx/Rx timing errors the errors are the uncalibrated components (e.g., residual errors). So it may be quite difficult for a TRP to measure the Tx timing error or for the UE to measure the Rx timing error. In general, if the device knows the timing error then it seems like it would compensate it already.
Proposal 3: Regarding TEG grouping approach, we support option-1 that UE/TRP may group the timing error  based on RF chains and antenna panel, such that timing errors in the same group are within certain margin. Timing error grouping method and criterion with margin need to be further discussed. 
       

1.1.3  Applicability of TEG with gNB/TRP
	· Candidate options
· [bookmark: _Hlk78969516]Option 1: Support TRP to provide association information of DL PRS resources with Tx and Rx TEG to LMF if TRP has multiple TEG (i.e. different antenna panels or arrays)
· Option 2: TRP comprising multiple TEG is unlikely, therefore multiple Rx and Tx TEG is not supported
· Other options not precluded



From the discussion above, option-1 is in-align with our view.. If TRP provides association information of DL PRS resources with Tx and Rx TEG to LMF if TRP has multiple TEG, it would help in precisely estimating/mitigating timing error.Alternatively, TEG can be indicated as meaning of possible uncertainty of ToA estimation. Also, a question is naturally raised if a gNB/TRP can compensate the TE before reporting if it is known to be reported. Although this part is a bit unclear, but when TEG is estimated by the other device (PRU), LFM needs to care of the compensation. 
Proposal 4: Regarding Applicability of TEG with gNB/TRP, we support option-1 that TRP to provide association information of DL PRS resources with Tx and Rx TEG to LMF if TRP has multiple TEG .

1.1.4  Applicability of TEG with UE
  
	· Candidate options
· Option 1: TEG is applicable for UEs
· Option 2: TEG is not applicable for UEs
· Other options not precluded



Proposal 5: We support option-1 TEG is applicable for UEs with the same reason above.  

2.2  LS Discussion [R1-2104111]

At RAN4 #98bis-e, RAN4 has received LS [3] regarding UE/TRP Tx/Rx Timing Errors. In this paper, we discuss views on the agreements and questions from RAN1 LS.

	Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
· [bookmark: _Hlk69244085]Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements.




The background of this LS issue is about positioning measurement error due to time delay between baseband and antenna node. The time delay is caused in both TX and RX sides as the figure of RTT measurement example below. In general, it impacts on all of time-based positioning measurements such as RSTD, RToA, UE RXTX time difference and gNB TXRX time difference, that has been discussed in RAN4 as well.
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Also, RAN1 seems to assume multiple types of timing error. The definitions of timing errors are also addressed in the agreement. This RF timing error is assumed to have semi-static or static components depending on RF configurations such as BW, FFT size and even physical conditions like temperature and cable connections etc. A goal of this study is to achieve cm-level accuracy positioning by mitigating this timing error. Eventually, it is related with RF margin on RAN4 RSTD, RTOA, RXTX-TD and TXRX-TD requirements as well..  
Observation 3 : RAN1 has agreed to support TEG studies firstly for DL-TDOA measurement case. It is expected that RAN1 continues to discuss the time delay impacts for other time-based methods.
Observation 4 : A goal of TEG study is to achieve cm-level positioning accuracy by mitigating this timing error. It may be related with RF margin in accuracy requirements.

	
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.

To RAN4: 	RAN1 kindly requests RAN4 to review the above RAN1 agreements and provides feedback in case RAN4 has any suggestions and/or comments.



If TEG statically or semi-statically changes, measuring the absolute Tx/Rx timing errors may be possible depending on TX / RX scenarios. For example, if the residual timing error has beam-dependency or bandwidth dependency, such time-delay can be measured in a lab condition and pre-defined. In fact, this is one study point of RAN4 Rel-17 NR positioning phase. It may be too early to clearly answer right now to RAN1 question. However, it is known that different steering vector in beamforming coodbook is made with delay elements, the small delay difference due to beam codebook can be analysed. Also, a lab circumstance can analyse the impact, or reference UE/gNB knowing near-perfect time delay can be used to measure time delays of the other paired device. Therefore, RAN4 needs to conduct such possible approaches further in Rel-17 phase.

Proposal 6 : Propose possible replies as
· RAN4 studies if TEG appears static or semi-static or dynamic in TX/RX scenarios with considering various front-end parameters and conditions (cable connection , antenna panel, RF chain, frequency, baseband sampling rate) for grouping. 
· If timing error statically or semi-statically changes and it is deterministic by a device or an external device, it is possible to group absolute Tx/Rx timing error corresponding to a RF setting and condition.
   
Conclusion
In this contribution, we discuss about feasiblity of TEG and timing delay mitigation. We provide our observations and proposals as below ; 
Observation 1 : this timing offset mitigation for positioning is a unique process, because it attempts to further mitigate residual timing error after calibrations. Basically, this work item argues nano second level timing error mitigation to achieve centi-meter location estimation accuracy.  
Observation 2 : Time variant nature of TEG depends on various parameters which can be static or semi-static. The examples of parameters affecting TEG can be categorized as follows:
	Delay characteristic
	Example of delay sources

	Static
	RU and DU connection cables

	Semi-static
	temperature, RF chain, frequency band, antenna array panel, baseband sampling rate and sampling offset

	Dynamic
	noise, interference



Proposal 1: The effects of above time variant nature of above parameters on TEG association needs to be studied further in RAN4 for timing error grouping.
Proposal 2 : RAN4 conducts feasibility study on timing error mitigation/measurement, but no performance spec impact is expected. 
    - A new device requirement ( i.e. positioning reference unit ) is FFS up to RAN1/2 conclusion.
Proposal 3: Regarding TEG grouping approach, we support option-1 that UE/TRP may group the timing error  based on RF chains and antenna panel, such that timing errors in the same group are within certain margin. Timing error grouping method and criterion with marigin need to be further discussed.
Proposal 4: Regarding Applicability of TEG with gNB/TRP, we support option-1 that TRP to provide association information of DL PRS resources with Tx and Rx TEG to LMF if TRP has multiple TEG .
Proposal 5: We support option-1 TEG is applicable for UEs with the same reason above.  
RAN1 LS reply discussion 
Observation 3 : RAN1 has agreed to support TEG studies firstly for DL-TDOA measurement case. It is expected that RAN1 continues to discuss the time delay impacts for other time-based methods.
Observation 4 : A goal of TEG study is to achieve cm-level positioning accuracy by mitigating this timing error. It may be related with RF margin in accuracy requirements.
Proposal 6 : Propose possible replies as
· RAN4 studies if TEG appears static or semi-static or dynamic in TX/RX scenarios with considering various front-end parameters and conditions (cable connection , antenna panel, RF chain, frequency, baseband sampling rate) for grouping. 
· If timing error statically or semi-statically changes and it is deterministic by a device or an external device, it is possible to group timing error corresponding to a RF setting and condition.
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