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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a WF on RRM requirements for positioning enhancement was approved [1]. In the approved WF the following 2 but related issues on the impact on existing RAN4 requirements for positioning due to RRM procedure were identified [1]:
FFS: the impact of SRS antenna port switching impact on UE Rx-Tx measurement
•	FFS: solution depends on the impact
FFS: the impact of SRS antenna port switching impact on gNB Rx-Tx measurement and ULRTOA
•	FFS: solution depends on the impact
In this paper the above open issues identified in the WF are further analyzed. 
2. Impact of SRS antenna port switching on UE Rx-Tx
The RRM requirements related to SRS antenna port switching are being specified in Rel-17. This may impact UE Rx-Tx measurement, which uses SRS for uplink transmit timing. 
SRS support for UE Rx-Tx measurement:
According to the RAN1 procedure, any of the Rel-15 SRS (SRS-Resource) and Rel-16 positioning SRS (SRS-PosResource) can be used for UE Rx-Tx, gNB Rx-Tx and UL RTOA positioning measurements as specified in TS 38.214 (reproduced below): 
[bookmark: _Toc29673223][bookmark: _Toc29673364][bookmark: _Toc29674357][bookmark: _Toc36645587][bookmark: _Toc45810636][bookmark: _Toc75165379]6.2.1.4	UE sounding procedure for positioning purposes (TS 38.214)
When the SRS is configured by the higher layer parameter SRS-PosResource and if the higher layer parameter spatialRelationInfoPos is configured, it contains the ID of the configuration fields of a reference RS according to Clause 6.3.2 of [TS 38.331]. The reference RS can be an SRS configured by the higher layer parameter SRS-Resource or SRS-PosResource, CSI-RS, SS/PBCH block, or a DL PRS configured on a serving cell or a SS/PBCH block or a DL PRS configured on a non-serving cell. 
SRS support is UE capability. It is more likely that legacy SRS (SRS-Resource) is supported by more UEs. Furthermore, some legacy BSs may not support SRS-PosResource. Therefore, the use of SRS-Resource for UE/gNB Rx-Tx is very relevant and valid scenario and use case.
Timing error due to SRS antenna port switching:
The transmit timings between signals transmitted by any two or more UE transmit antennas are not perfectly aligned with respect to each other. This leads to transmit time misalignment (or time alignment error, TAE) between transmissions on different antennas. In NR according to clause 6.4D.3 in TS 38.101-1 (FR1) and TS 38.101-2 (FR2) the TAE between any two transmissions on different transmit antennas is 130 ns, as shown below:
[bookmark: _Toc83580639][bookmark: _Toc84405148][bookmark: _Toc84413757]
6.4D.3	Time alignment error for UL MIMO (TS 38.101-1)
For UE(s) with multiple transmit antenna connectors supporting UL MIMO, this requirement applies to frame timing differences between transmissions on multiple transmit antenna connectors in the closed-loop spatial multiplexing scheme.
The time alignment error (TAE) is defined as the average frame timing difference between any two transmissions on different transmit antenna connectors.
For UE(s) with multiple transmit antenna connectors, the Time Alignment Error (TAE) shall not exceed 130 ns.
Impact of timing error due to SRS antenna port switching on UE Rx-Tx accuracy:
This means after the SRS antenna port switching (i.e. SRS-Resource), the UE transmit timing on SRS antenna port may change by 130 ns. This corresponds to about positioning timing measurement error of 260 Tc and UE positioning error of 40 m.  
It was raised in the last meeting that UE Rx-Tx timing is based on DL and UL subframes timing according to the definition in TS 38.215 rather than SRS timings. In our view the definition is generic to allow the UE to utilize any reference signals in general. Undoutedly UE needs to measure Rx and Tx timings on certain reference signals. RAN4 requirements for UE Rx-Tx are clearly based on PRS for deriving DL timing (Rx timing) and SRS for deriving UL timing (Tx timing) as shown below (section 9.9.4.2, TS 38.133). Furthermore, UE behavior or accuracy is impacted if the SRS changes as also shown below (section 10.1.25.2, TS 38.133):
9.9.4.2 Requirements Applicability (TS 38.133)
The requirements in clause 9.9.4 apply for periodic and triggered UE Rx-Tx time difference measurements, provided:
-	UE Rx-Tx time difference measurement related side conditions given in clause 10.1.25 are met for a corresponding band. 
-	SRS is configured on at least one of the PCell, PSCell and SCell. 
10.1.25.2	Measurement Accuracy Requirements (TS 38.133)
………………..
The UE shall continue and complete a UE Rx-Tx measurement while meeting UE Rx-Tx measurement accuracy requirements defined in this clause when a serving cell change occurs during the UE Rx-Tx measurement provided that the serving cell change does not impact the SRS configuration for the UE Rx-Tx measurement.
The measurement accuracy of UE Rx-Tx time difference for the worst-case scenario (e.g. for smallest BW (24 RBs) and at PRS Ês/Iot = -13 dB) will be within 100 Tc including the margin. The measurement accuracy of UE Rx-Tx time difference in more favourable and typical scenario (e.g. for BW=64RBs) will be in the order of 20 Tc including the margin. This means the additional error of 260 Tc due to each antenna switching in the UE Rx-Tx timing measurement accuracy is very substantial. It is obvious that that the UE cannot meet the UE Rx-Tx timing measurement accuracy if the SRS antenna port switching occurs during the UE Rx-Tx timing measurement period. The timing error increases with the number of SRS antenna port switching actions during the UE Rx-Tx timing measurement period. 
The UE reporting UE Rx-Tx timing measurement which incorporates such large timing error is not useful for LMF for positioning determination. 
The SRS antenna port switching is enabled by gNB while the UE is configured with UE Rx-Tx time difference by LMF via LPP without gNB awareness. Therefore, the gNB cannot deconfigure the UE with SRS antenna port switching while the UE is performing the UE Rx-Tx time difference measurement.
If the UE is configured with SRS both antenna port switching and UE Rx-Tx timing measurement then to avoid any impact on UE Rx-Tx timing measurement accuracy, the following alternative options can be considered:
· The UE does not perform SRS antenna port switching during the UE Rx-Tx timing measurement period.
· The UE performs SRS antenna port switching but discards the UE Rx-Tx timing measurement if the SRS antenna port switching occurs during the UE Rx-Tx timing measurement period.
Positioning measurement (UE Rx-Tx timing measurement) is configured occasionally. It is also typically one time reporting upon receiving the multi-RTT assistance data. Positioning measurement is also more critical feature than SRS antenna port switching. We therefore prefer option 1. 
· Observation 1: Both legacy SRS configuration and positioning SRS configuration can be used for UE Rx-Tx timing measurement (clause 6.2.1.4, TS 38.214).
· Observation 2: SRS antenna port switching may lead to timing error of 130 ns due to transmit time misalignment between the SRS antenna ports.
· Observation 3: UE derives Rx timing and Tx timing using PRS receive timing and SRS transmit timing respectively to meet UE Rx-Tx time difference measurement and accuracy requirements.
· Observation 4: UE behavior related to Rx-Tx time difference measurement under various procedures (e.g. cell change etc) is based on the assumption that the UE uses PRS receive timing and SRS transmit timing for deriving Rx timing and Tx timing respectively.
· Observation 5: Each SRS antenna port switching during the UE Rx-Tx timing measurement period will cause significant additional timing error (up to 260 Tc corresponding to 40 m) in the UE Rx-Tx timing measurement results.
· Observation 6: SRS antenna port switching is enabled/configured by gNB while the UE is configured with UE Rx-Tx time difference measurement by LMF via LPP without gNB awareness.
· Observation 7: UE Rx-Tx timing measurement is configured occasionally, is one time reporting upon receiving multi-RTT assistance data and is also more critical feature than SRS antenna port switching.
· Proposal #1: If the UE is configured with SRS both antenna port switching and UE Rx-Tx timing measurement then to any impact due to SRS switching on UE Rx-Tx timing measurement accuracy is avoided.
· Proposal #2: Following options are considered to avoid impact on due to SRS switching on UE Rx-Tx timing measurement accuracy:
· Option 1: The UE does not perform SRS antenna port switching during the UE Rx-Tx timing measurement period.
· Option 2: The UE performs SRS antenna port switching but discards the UE Rx-Tx timing measurement if the SRS antenna port switching occurs during the UE Rx-Tx timing measurement period.
3. Impact of SRS antenna switching on gNB Rx-Tx and UL RTOA measurements
As stated in section 2, according to the RAN1 procedure in TS 38.214, any of the Rel-15 SRS (SRS-Resource) and Rel-16 positioning SRS (SRS-PosResource) can be used for gNB Rx-Tx and UL RTOA positioning measurements.
The measurement accuracy of gNB Rx-Tx time difference for the worst-case scenario (e.g. for smallest BW range (44-84 RBs), at SRS Ês/Iot = -13 dB for 15 kHz SCS) for gNB type 1-C/1-H/1-0 is 123 Tc excluding the margin (which is declarable). The measurement accuracy of UE Rx-Tx time difference in more favourable and typical scenario (e.g. for BW range (88-168 RBs) at SRS Ês/Iot = -13 dB for 15 kHz SCS)  is 32 Tc including the margin. This means the additional error of 260 Tc due to each antenna switching in the gNB Rx-Tx timing measurement accuracy is very substantial.
However, the gNB is fully aware that its is configured by LMF to perform the gNB Rx-Tx time difference or UL RTOA. This is the main and important difference compared to UE Rx-Tx time difference, which is transparently configured via LPP without gNB knowledge. For example. The gNB can deconfigure the UE with SRS antenna port switching when the gNB is configured to perform the gNB Rx-Tx time difference measurement or UL RTOA measurement by the LMF via NRPP. Therefore, the impact of the SRS antenna port switching on gNB Rx-Tx time difference measurement or UL RTOA measurement can be prevented by gNB implementation. 
· Observation 8: Both legacy SRS configuration and positioning SRS configuration can be used for gNB Rx-Tx time difference and UL RTOA measurements.
· Observation 9: Each SRS antenna port switching may lead to timing error of 130 ns in Rx-Tx time difference and UL RTOA measurement results due to transmit time misalignment between the SRS antenna ports.
· Observation 10: The gNB can deconfigure the UE with SRS antenna port switching when the gNB is configured to perform the gNB Rx-Tx time difference measurement or UL RTOA measurement by the LMF via NRPPa.
· Proposal #3: Impact of the SRS antenna port switching on gNB Rx-Tx time difference measurement or UL RTOA measurement can be prevented by gNB implementation.
4. Summary
The following are the observations and proposals based on the analysis provided in this paper:
Impact of SRS antenna port switching on UE Rx-Tx time difference requirements:
· Observation 1: Both legacy SRS configuration and positioning SRS configuration can be used for UE Rx-Tx timing measurement (clause 6.2.1.4, TS 38.214).
· Observation 2: SRS antenna port switching may lead to timing error of 130 ns due to transmit time misalignment between the SRS antenna ports.
· Observation 3: UE derives Rx timing and Tx timing using PRS receive timing and SRS transmit timing respectively to meet UE Rx-Tx time difference measurement and accuracy requirements.
· Observation 4: UE behavior related to Rx-Tx time difference measurement under various procedures (e.g. cell change etc) is based on the assumption that the UE uses PRS receive timing and SRS transmit timing for deriving Rx timing and Tx timing respectively.
· Observation 5: Each SRS antenna port switching during the UE Rx-Tx timing measurement period will cause significant additional timing error (up to 260 Tc corresponding to 40 m) in the UE Rx-Tx timing measurement results.
· Observation 6: SRS antenna port switching is enabled/configured by gNB while the UE is configured with UE Rx-Tx time difference measurement by LMF via LPP without gNB awareness.
· Observation 7: UE Rx-Tx timing measurement is configured occasionally, is one time reporting upon receiving multi-RTT assistance data and is also more critical feature than SRS antenna port switching.
· Proposal #1: If the UE is configured with SRS both antenna port switching and UE Rx-Tx timing measurement then to any impact due to SRS switching on UE Rx-Tx timing measurement accuracy is avoided.
· Proposal #2: Following options are considered to avoid impact on due to SRS switching on UE Rx-Tx timing measurement accuracy:
· Option 1: The UE does not perform SRS antenna port switching during the UE Rx-Tx timing measurement period.
· Option 2: The UE performs SRS antenna port switching but discards the UE Rx-Tx timing measurement if the SRS antenna port switching occurs during the UE Rx-Tx timing measurement period.
· Option 1 is preferred.
Impact of SRS antenna port switching on UE Rx-Tx time difference requirements:
· Observation 8: Both legacy SRS configuration and positioning SRS configuration can be used for gNB Rx-Tx time difference and UL RTOA measurements.
· Observation 9: Each SRS antenna port switching may lead to timing error of 130 ns in Rx-Tx time difference and UL RTOA measurement results due to transmit time misalignment between the SRS antenna ports.
· Observation 10: The gNB can deconfigure the UE with SRS antenna port switching when the gNB is configured to perform the gNB Rx-Tx time difference measurement or UL RTOA measurement by the LMF via NRPPa.
· Proposal #3: Impact of the SRS antenna port switching on gNB Rx-Tx time difference measurement or UL RTOA measurement can be prevented by gNB implementation.
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