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Introduction
In RAN4#102-e following agreements on TEG margin values were made [1].
TEG margin values
Agreement
· The RRM accuracy requirements corresponding to the candidate timing error margin values {TE1, TE2, …, TEN} will be defined in Perf part.
· RAN4 should finalize margins for RSTD and UE Rx-Tx measurement accuracy in Rel-16 before deciding on exact timing error margins for Rx, RxTx and Tx TEGs.
· The candidate values of timing error margins associated with UE/TRP Rx TEGs, Tx TEGs and RxTx TEGs will be defined in Perf part.
In this contribution we present our view on accuracy requirement for TEG based measurements, and the measurement reporting conditions based on TEG margin values.
Discussion
Impact of UE Rx TEGs on measurement accuracy requirements
In the discussions to follow, positioning scenario in Figure 1 is considered, where a UE with two Rx TEGs is performing RSTD measurement on PRS transmitted from 4 TRPs. The reference TRP for RSTD measurement is indicated as REF-TRP in the figure. Likewise neighbor TRPs for RSTD measurement are indicated as TRP1, TRP2, and TRP3 in the figure. Timing error in Rx TEG1 is within timing error margin 1 (TEM1) and the timing error in Rx TEG2 is within timing error margin 2 (TEM2). 
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Figure 1. UE Rx TEG and positioning measurements. In this example scenario showing a UE with 2 Rx TEGs performing PRS measurement from 4 TRPs during a positioning occasion.

In the given scenario, following measurement cases may arise:
# Case I: UE measures PRS from reference TRP and TRP1 from Rx TEG1
RSTD measurement between reference TRP and TRP1 in this case takes the form:
 
where c is the speed of light, d1 is the estimated distance between UE and TRP1 and dref is the estimated distance between UE and reference TRP. Since, both target and reference TRPs are measured from same Rx TEG (Rx TEG1) the timing error cancels out when RSTD is calculated.
# Case II: UE measures PRS from reference TRP and TRP2 from Rx TEG2
RSTD measurement between reference TRP and TRP2 in this case takes the form:
 
where d2 is the estimated distance between UE and TRP2. Since, both target and reference TRPs are measured from same Rx TEG (Rx TEG2) the timing error cancels out when RSTD is calculated.

Observation #1: We note that the RSTD measurements for which UE Rx TEG association is same for reference and target TRPs, such as , and  can have higher accuracy requirement.
Proposal #1: Introduce measurement accuracy requirements for RSTD measurements for which UE Rx TEG association is same for both target and reference TRPs.
# Case III: UE measures PRS from reference TRP from Rx TEG1 and TRP2 from Rx TEG2
RSTD measurement between reference TRP and TRP2 in this case takes the form:

where  and  are respectively the timing errors for antenna panels (and UE Rx TEG)  and , respectively. In this case, reference TRP is measured from Rx TEG1 and the measurement is within margin TEM1. TRP2 is measured from Rx TEG2 and the measurement is within margin TEM2. Margins TEM1 and TEM2 may follow one of the following conditions: TEM1>TEM2, TEM1<TEM2, TEM1>>TEM2, TEM1<<TEM2.
# Case IV: UE measures PRS from reference TRP from Rx TEG1 and TRP3 from Rx TEG2
RSTD measurement between reference TRP and TRP3 in this case takes the form:
.
In this case, reference TRP is measured from Rx TEG1 and the measurement is within timing error margin TEM1. TRP3 is measured from Rx TEG2 and the measurement is within margin TEM2. Margins TEM1 and TEM2 may follow one of the following conditions: TEM1>TEM2, TEM1<TEM2, TEM1>>TEM2, TEM1<<TEM2.
# Case V: Differential RSTD: same Rx TEG
Differential RSTD is calculated as difference between two RSTD measurements where each RSTD measurement is done by single Rx TEG. The differential RSTD in this case takes the form: 


Observation #2: We note that the difference between two RSTD measurements, where for each RSTD measurement same Rx TEG is used for both target and reference TRP, can have higher accuracy.
Proposal #2: Introduce measurement accuracy requirements for difference between two RSTD measurements, where for each RSTD measurement same Rx TEG is used for both target and reference TRP.
# Case VI: Differential RSTD: same Rx TEG and different Rx TEGs 
Differential RSTD is calculated as difference between two RSTD measurements where one RSTD measurement is done by same Rx TEG and the other RSTD measurement is done by different Rx TEGs. The differential RSTD measurement in this case takes the form:
.
# Case VII: Differential RSTD: different Rx TEGs
Differential RSTD is calculated as difference between two RSTD measurements where both RSTD measurements are done by different Rx TEGs. The differential measurement in this case takes the form:

Based on the presented analysis we understand there can be TEG based measurements that do not contribute to mitigate Rx delay mitigation. For effective Rx delay mitigation to achieve high accuracy positioning, measurement reporting conditions for RSTD measurements shall be defined. The reporting conditions can be based on Rx TEG margin for RSTD and differential RSTD measurement reporting. For RSTD measurements one such condition could be UE transmitting RSTD measurement results to the network if the magnitude of difference between timing error margins of Rx TEGs used for performing the RSTD is below threshold value. For differential RSTD measurements one such condition could be UE transmitting the results of the differential RSTD (∆RSTD) (e.g. ∆RSTD=RSTD1-RSTD2) to the network if the magnitude of difference between timing error margins of Rx TEGs used for performing the first RSTD (RSTD1) and the second RSTD (RSTD2) is below a threshold value. The threshold value can be defined as a function or relation between the timing error margin values considered for RSTD and differential RSTD measurements. When it comes to UEs that do not support multiple TEGs, then Rel. 16 accuracy requirements apply.
Proposal #3: The UE shall report RSTD provided that the magnitude of difference between timing error margins of the two TEGs used for RSTD is below X Tc; X is TBD. Otherwise, UE does not report the RSTD measurement.
Proposal #4: The UE shall report DIFFRSTD provided that the magnitude of difference between timing error margins of the two TEGs used for the two RSTD measurements is below X Tc; X is TBD. Otherwise, UE does not report the measurement.
Proposal #5: The UE shall report DIFFRSTD provided that the magnitude of difference between timing error margins of any two TEGs used for the two RSTD measurements is below X Tc; X is TBD. Otherwise, UE does not report the measurement.

Proposal #6: Rel. 16 measurement accuracy applies to UEs not supporting multiple Rx TEGs.
Impact of Tx TEG and RxTx TEG on accuracy requirement
Like UE Rx TEG, UE Tx and RxTx TEGs also have implications on accuracy requirements. To enable high accuracy UL-TDoA positioning, requirements are needed on the difference in transmission timing between SRS transmissions performed with the same or different UE Tx TEGs. 
Proposal #7: Introduce measurement accuracy requirements for timing difference between SRS transmissions performed with same or different UE Tx TEGs.
RxTx TEG has an impact on accuracy of multi-RTT positioning. For UEs capable of multiple TEGs, two scenarios become prominent for which RxTx TEG margin needs to be defined.
· scenario 1: UE uses same TEG for RxTx measurement.
· scenario 2: UE uses different TEGs for Rx and Tx part of the RxTx measurement.
Proposal #8: Introduce measurement accuracy requirements for RxTx measurement when same TEG is used for Rx and Tx measurement.
Proposal #9: Introduce measurement accuracy requirements for RxTx measurement when different TEG is used for Rx and Tx measurement.
Moreover, when UE has multiple RxTx TEGs, measurement reporting rules/conditions similar to RSTD measurements shall be defined.
Proposal #10: Support measurement reporting rules/conditions for absolute and differential UE Rx-Tx measurement similar to absolute and differential RSTD measurement reporting rules/conditions.
Summary
In this paper we evaluated different aspects of TEG impact on accuracy requirement. Based on the evaluation following are proposed for agreement:
Proposal #1: Introduce measurement accuracy requirements for RSTD measurements for which UE Rx TEG association is same for both target and reference TRPs.
Proposal #2: Introduce measurement accuracy requirements for difference between two RSTD measurements, where for each RSTD measurement same Rx TEG is used for both target and reference TRP.
Proposal #3: The UE shall report RSTD provided that the magnitude of difference between timing error margins of the two TEGs used for RSTD is below X Tc; X is TBD. Otherwise, UE does not report the RSTD measurement.
Proposal #4: The UE shall report DIFFRSTD provided that the magnitude of difference between timing error margins of the two TEGs used for the two RSTD measurements is below X Tc; X is TBD. Otherwise, UE does not report the measurement.
Proposal #5: The UE shall report DIFFRSTD provided that the magnitude of difference between timing error margins of any two TEGs used for the two RSTD measurements is below X Tc; X is TBD. Otherwise, UE does not report the measurement.

Proposal #6: Rel. 16 measurement accuracy applies to UEs not supporting multiple Rx TEGs.
Proposal #7: Introduce measurement accuracy requirements for timing difference between SRS transmissions performed with same or different UE Tx TEGs.
Proposal #8: Introduce measurement accuracy requirements for RxTx measurement when same TEG is used for Rx and Tx measurement.
Proposal #9: Introduce measurement accuracy requirements for RxTx measurement when different TEG is used for Rx and Tx measurement.
Proposal #10: Support measurement reporting rules/conditions for absolute and differential UE Rx-Tx measurement similar to absolute and differential RSTD measurement reporting rules/conditions.
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