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Introduction
RAN4 officially completed the core requirements for Rel-17 NR positioning enhancements in RAN4#102-e. Agreements and open issues were captured in a WF [1]. 
In this paper, we address remaining issues under the following topics:
· Timing error margins associated with TEGs
· Temporal scope of TEGs
· RRM requirements
Timing error margins associated with TEGs
RAN4 has reached agreement on a framework for defining and reporting timing error margins for Rx TEGs. Agreements from RAN4#102-e are shown below [1]. 
In this section, we discuss our proposals for the timing error margin values.
The framework of UE/TRP Rx TEG
Agreements:
· The framework of UE/TRP Rx TEG
· Define multiple candidate timing error margin values {TE1, TE2, …, TEN} in the spec. 
· The number of candidate values (i.e. N) and the exact values of {TE1, TE2, …, TEN} will be decided in Perf part. 
· UE/TRP selects one value M from {TE1, TE2, …, TEN} based on its implementation and indicate to LMF. 
· For UE that supports multiple Rx TEGs (TEG#1, TEG#2, …), the associated timing error margin value of each Rx TEG is M, which means the timing error difference between the measurements within the same Rx TEG is within the margin M. 
· The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided, and only to measurements that are tagged with the corresponding TEG ID.
· The RRM accuracy requirements corresponding to the candidate timing error margin values {TE1, TE2, …, TEN} will be defined in Perf part. 
· The framework of UE/TRP Rx TEG can be also applied for UE/TRP RxTx TEG
· Note: if additional issues are identified based on RAN1/2 progress, then this agreement can be revised

Whether to define different timing error margins for each Rx TEG (FFS for step #2)
Agreements:
· The same timing margin is used for all Rx TEGs per UE/TRP
How to decide the used value of timing error margin(s) associated with Rx TEGs (FFS for step #3)
Agreements:
· The timing error margin value is decided by UE/TRP among the candidate values defined in TS 38.133 based on its implementation.
· UE/TRP will report the selected timing error margin value to LMF. 
· No NW recommendation on the timing error margin value is needed in R17. 
The timing error margins associated with UE/TRP Tx TEGs
The timing error margins associated with UE/TRP RxTx TEGs
The number of timing error margins to be defined for each TEG type (Rx TEG, Tx TEG and RxTx TEG)
Agreements:
· 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 RAN4#102-e, RAN4 reached agreements defining the RF calibration (group delay and frequency drift) margins for Rel-16 RSTD and UE Rx-Tx measurement accuracy requirements [2]. Even though the group delay margin values for some of the smaller RS BW configurations are still pending, the smaller margins corresponding to the larger RS BWs have been agreed. Those are the most relevant values to use as reference when discussing the feasible values of timing error margins for TEGs.
The timing error margins for Rel-17 TEGs should be a fraction of the Rel-16 RF calibration margins so that the higher accuracy positioning may be enabled by configuring TEGs. For example, for RSTD measurements in a single PFL in FR1 with PRS BW = 100 MHz, the total (group delay plus frequency drift) RF margin is 44 Tc. That margin is added to the baseline measurement accuracy derived from simulations. For FR1 PRS BW ≥ 100 MHz (SCS = 60 kHz), RSTD accuracy in AWGN would be ±(10 Tc + 44 Tc) = ± 54 Tc.
In the example above, the RF calibration error margin clearly dominates the measurement accuracy requirement. In Rel-17, if the UE reports RSTD measurements for which the target and reference PRS resources belong to the same Rx TEG ID, the absolute measurement accuracy would be improved if the timing error margin of the TEG is smaller than the error contribution due to timing calibration error (± 44 Tc). 
Furthermore, if two RSTD measurements (from the same PFL) are compared in the example above, the difference between them would have an error contribution due to residual timing calibration errors. In Rel-16, the differential error contribution due to timing errors is not defined (no frequency drift margin defined between TOAs of target resources). In Rel-17, if the UE reports two RSTD measurements for which the target TOAs belong to the same Rx TEG ID, the error contribution due to timing calibration error would be bounded by the timing error margin of the TEG.
Observation 1: The timing error margins for Rx TEGs and RxTx TEGs should account for timing errors due to frequency drift.


To motivate a set of feasible values of timing error margins, consider the following scenarios:
· Scenarios where a smaller frequency drift margin value may apply:
· TOAs are measured within one measurement gap or PRS processing window instance. Assuming MGL/PPWL of 5 ms, 10 ms and 20 ms, the corresponding frequency drift margin would be 0.5 ns (1 Tc), 1 ns (2 Tc) and 2 ns (4 Tc).
· TOAs for PRS resource instances in the same slot. A frequency drift margin ≤ 0.1 ns may be assumed.
· Scenarios where a smaller group delay margin may apply: 
· Depending on UE/TRP implementation, scenarios could include cases where TOAs are measured within one measurement gap or PRS processing window instance, in the same PFL, with the same receiver paths, etc.
· Since this is highly implementation dependent, it would be reasonable to define a range of values from 0 Tc to ~76 Tc (the maximum agreed group delay margin for PRS BW ≥ 20 MHz).
Proposal 1: The timing error margin values for Rx TEGs and RxTx TEGs are the following (16 values): 1/2 Tc, 1 Tc, 2 Tc, 4 Tc, 8 Tc, 12 Tc, 16 Tc, 20 Tc, 24 Tc, 32 Tc, 40 Tc, 48 Tc, 56 Tc, 64 Tc, 72 Tc, 80 Tc.
Proposal 2: For Rx TEGs and RxTx TEGs, the applicable timing error margin values that can be selected by the UE are the pre-defined values that are not larger than the sum of the Rel-16 group delay margin (dependent on PRS/SRS BW) and frequency drift margin.
For the timing error margins for Tx TEGs, it would be reasonable to use the timing error requirement in TS 38.133, Table 7.1.2-1 as reference. The timing error limit Te varies between 3*64*Tc and 12*64*Tc depending on UL and DL numerology. Timing error margins that are smaller than 2*Te (±Te error between two transmissions) would indicate a smaller relative timing error between transmissions associated with the same Tx TEG.
Proposal 3a: The timing error margin values for Tx TEGs are the following (8 values): 1 Tc, 4 Tc, 8 Tc, 16 Tc, 32 Tc, 64 Tc, 2*64 Tc, 4*64 Tc.
Proposal 3b: The UE will include the selected timing error margins for Tx TEGs in the Tx TEG to SRS association report (including both RRC and LPP).



Temporal scope of TEGs
The issue of time validity or time scope of TEGs was discussed further in RAN4#102-e and the following agreements were reached [1].
 The temporal validity of UE/TRP Tx TEGs
Agreements:
· Wait RAN2 progress on how to signal a change in association between SRS resources to Tx TEGs.
· FFS: The applicability of reported UE Rx TEG agreed in last meeting can be reused for UE/TRP Tx TEG i.e. The applicability of reported UE/TRP Tx TEG is limited to the measurements contained within the measurement report in which the Tx TEG information is provided. And it applies only to the measurements that are tagged with the corresponding Tx TEG ID.
The temporal validity of UE/TRP RxTx TEGs
Candidate options: 
· Option 1: 
· The applicability of reported UE Rx TEG agreed in last meeting can be reused for UE/TRP RxTx TEG i.e. The applicability of reported UE/TRP RxTx TEG is limited to the measurements contained within the measurement report in which the RxTx TEG information is provided. And it applies only to the measurements that are tagged with the corresponding RxTx TEG ID. 
· Option 2: 
· Up to RAN2. 

For RxTx TEGs, in our view it is possible to reuse the same approach as for Rx TEGs since both types of TEGs are associated with DL PRS measurements. Our understanding is that the signaling introduced to indicate association of measurements to either type of TEG will be similar.
Proposal 4: Use the same approach as Rx TEG for time-variant (semi-static or dynamic) RxTx TEGs.
For UE Tx TEGs, RAN4 should wait for more progress in RAN2.
Proposal 5: RAN4 should wait until RAN2 makes further progress on how to signal a change in association between SRS resources to Tx TEGs.



RRM requirements
In this section we discuss one open issue about RRM requirements associated with Rx TEGs.
RAN1 introduced two UE capabilities in Rel-17 to indicate the UE’s ability to “optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements” [3]. The baseline capability (FG 27-1-4) assumes measurements corresponding to K different TEGs are performed sequentially, while a second advanced capability (FG 27-1-4a) indicates the ability to perform multiple measurements “simultaneously.”
In RAN4#102 there was an agreement to extend the measurement period for a UE that supports only the baseline capability 27-1-4 [1], as shown below. In that case, the measurement period is roughly scaled by the number of Rx TEGs requested by the LMF. For a UE that supports both capabilities, no agreement was reached.
The impact of TEGs (including Rx/Tx/RxTx TEG) on PRS measurement core requirements.
Agreements: 
· Subject to UE capability, if the LMF requests the 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, the measurement period shall be extended. 
· For UE that only supports RAN1 Rel-17 feature 27-1-4 and does not support 27-1-4a
· The existing measurement period is scaled by N if UE is requested to measure same PRS resource with N different UE Rx TEGs.
· For UE that supports both RAN1 Rel-17 feature 27-1-4 and 27-1-4a 
· Option 1: The existing measurement period is scaled by  if UE is requested to measure same PRS resource with N different UE Rx TEGs, where k is the value UE reports for 27-1-4a.

Our understanding is that even when the UE indicates the ability to perform measurements with multiple Rx TEGs simultaneously, it does not mean that its PRS processing capabilities  and  are scaled up by the number of Rx TEGs. The UE is still limited by the duration of PRS that it can buffer and the maximum number of PRS resources that it can process per slot. If a UE is requested to measure PRS resources that amount to a PRS duration of  with  Rx TEGs, then it must buffer an equivalent PRS duration of , which must be compared against its buffering capability . Similarly, if the UE has to process  different sets of samples of the same PRS resource, all in the same slot, then effectively it would need to process  PRS resources per slot, which needs to be compared versus its capability .
[bookmark: _GoBack]Observation 2: For UEs that support both RAN1 Rel-17 features 27-1-4 and 27-1-4a, when the LMF requests the UE to optionally measure the same DL PRS resource of a TRP with M different UE Rx TEGs, the measurement period requirement should consider that extra buffering and processing to report M measurements per PRS resource has to be within the UE PRS processing capabilities  and .
Conclusions
Observation 1: The timing error margins for Rx TEGs and RxTx TEGs should account for timing errors due to frequency drift.
Proposal 1: The timing error margin values for Rx TEGs and RxTx TEGs are the following (16 values): 1/2 Tc, 1 Tc, 2 Tc, 4 Tc, 8 Tc, 12 Tc, 16 Tc, 20 Tc, 24 Tc, 32 Tc, 40 Tc, 48 Tc, 56 Tc, 64 Tc, 72 Tc, 80 Tc.
Proposal 2: For Rx TEGs and RxTx TEGs, the applicable timing error margin values that can be selected by the UE are the pre-defined values that are not larger than the sum of the Rel-16 group delay margin (dependent on PRS/SRS BW) and frequency drift margin.
Proposal 3a: The timing error margin values for Tx TEGs are the following (8 values): 1 Tc, 4 Tc, 8 Tc, 16 Tc, 32 Tc, 64 Tc, 2*64 Tc, 4*64 Tc.
Proposal 3b: The UE will include the selected timing error margins for Tx TEGs in the Tx TEG to SRS association report (including both RRC and LPP).
Proposal 4: Use the same approach as Rx TEG for time-variant (semi-static or dynamic) RxTx TEGs.
Proposal 5: RAN4 should wait until RAN2 makes further progress on how to signal a change in association between SRS resources to Tx TEGs.
Observation 2: For UEs that support both RAN1 Rel-17 features 27-1-4 and 27-1-4a, when the LMF requests the UE to optionally measure the same DL PRS resource of a TRP with M different UE Rx TEGs, the measurement period requirement should consider that extra buffering and processing to report M measurements per PRS resource has to be within the UE PRS processing capabilities  and .
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