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Introduction
In RAN4#101-bis-e enhancements on MG for positioning and RSTD signaling, impact of SRS for UE Rx-Tx timing difference, and impact of SRS on gNB Rx-Tx timing difference were discussed. As an output of the discussion open issues on these topics were identified [1]. In this paper we analyze the open issues and present our view on them. 
Discussion
Requirements for MG enhancements introduced by RAN1
To assess the impact of recent agreements made by RAN1 on MG activation and deactivation for positioning measurements on RAN4 requirements three different scenarios were discussed. In this section we analyze each scenario and present our view on impact on RAN4 requirements.
# Scenario 1: No MG is configured for RRM measurement
In this scenario two sub-scenarios are considered where in one POS MG is considered as legacy MG in PRS and RRM measurements when activated and in the other POS MG is not considered in RRM requirements when deactivated. For the latter case, when POS MG is deactivated, PRS measurement requirements do not apply. For the case when one POS MG is activated then it shall be treated as a legacy MG and the measurement period requirements apply.
# Scenario 2: One legacy MG is configured for RRM measurement
In this scenario two sub-scenarios are considered where in one requirement for RRM and PRS measurements based on framework of concurrent MGs when POS MG is activated is set for FFS and in the other POS MG is not considered in RRM requirements when deactivated. When POS MG is deactivated, we agree that it shall not be considered in RRM requirements. The first sub-scenario however requires more understanding and therefore shall be precluded at least from ongoing Rel. 17 WI.
# Scenario 3: Only POS MG is configured
This scenario refers to a scenario where LMF configures MG to UE to only perform PRS measurement. Under this scenario a UE shall be expected to meet the PRS measurement period requirements.
Proposal #1: Define requirements for scenarios 1 and 3. Preclude scenario 2 discussion in Rel. 17 WI.
RSTD reporting enhancement
The RSTD measurement accuracy requirement in TS38.133 is derived assuming RSTD measurements considering PRS in multiple PFLs and is defined as: “when UE measures RSTD on PRS resources belonging to different PFLs, then the RSTD accuracy is defined as the accuracy corresponding to the largest accuracy value among different PFLs”. Since accuracy requirement is derived assuming RSTD measurements on multiple PFLs, in our understanding there is no need of updating the RSTD signaling to allow UE reporting an RSTD reference resource for each PFL. Furthermore, in Rel. 17 a significant latency reduction for positioning has already been achieved by reducing the number of samples and Rx beam sweeping factor for positioning measurement, and no further reduction in latency is needed unless there is a clear motivation to do so. Therefore, in our view partial measurement report for latency reduction is also not needed, at least at this stage of WI. 
Proposal #2: No RSTD reporting enhancement in Rel. 17.
Impact of SRS for UE Rx-Tx timing difference
In the last RAN4 meeting LS was sent to RAN1 to confirm whether Rel-15 SRS (MIMO SRS) can be used for UE Rx-Tx time difference measurement [2]. RAN4 will further assess the impact of SRS antenna port switching on UE Rx-Tx time difference measurement if Rel-15 SRS (MIMO SRS) can be used for UE Rx-Tx time difference measurement. If Rel-15 SRS (MIMO SRS) cannot be used for UE Rx-Tx time difference measurement then obviously there is no impact on UE Rx-Tx time difference measurement.

In anticipation of the RAN1 response LS, we analyse the impact on the UE Rx-Tx time difference measurement accuracy if the UE is configured with Rel-15 SRS and the SRS antenna port switching is enabled. 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. 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.  
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 favorable 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. 
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: SRS antenna port switching may lead to timing error of 130 ns due to transmit time misalignment between the SRS antenna ports under the assumption that Rel-15 SRS is supported for UE Rx-Tx time difference and SRS antenna port switching is enabled.
· Observation 2: 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 3: 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 4: 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 #3: 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 #4: 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 on gNB Rx-Tx timing difference
The same LS sent to RAN1 also asked them ti confirm whether Rel-15 SRS (MIMO SRS) can be used for gNB Rx-Tx time difference measurement [2]. RAN4 will further assess the impact of SRS antenna port switching on gNB Rx-Tx time difference measurement if Rel-15 SRS (MIMO SRS) can be used for gNB Rx-Tx time difference measurement. If Rel-15 SRS (MIMO SRS) cannot be used for gNB Rx-Tx time difference measurement then obviously there is no impact on gNB Rx-Tx time difference measurement.

In anticipation of the RAN1 response LS, we also analyse the impact on the gNB Rx-Tx time difference measurement accuracy if the UE is configured with Rel-15 SRS and the SRS antenna port switching is enabled. 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 it is configured by LMF to perform the gNB Rx-Tx time difference. 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 by the LMF via NRPP. Therefore, the impact of the SRS antenna port switching on gNB Rx-Tx time difference measurement can be prevented by gNB implementation. 
· Observation 5: Each SRS antenna port switching may lead to timing error of 130 ns in Rx-Tx time difference measurement results due to transmit time misalignment between the SRS antenna ports.
· Observation 6: 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 by the LMF via NRPPa.
Proposal #5: Impact of the SRS antenna port switching on gNB Rx-Tx time difference measurement can be prevented by gNB implementation.
Summary
Based on the analysis presented in the previous section, following proposals are made to summarize our view on the addressed issues.
Proposal #1: Define requirements for scenarios 1 and 3. Preclude scenario 2 discussion in Rel. 17 WI.
Proposal #2: No RSTD reporting enhancement in Rel. 17
Following are relevant if Rel-15 SRS is supported for UE Rx-Tx time difference:
Observation 1: SRS antenna port switching may lead to timing error of 130 ns due to transmit time misalignment between the SRS antenna ports under the assumption that Rel-15 SRS is supported for UE Rx-Tx time difference and SRS antenna port switching is enabled.
Observation 2: 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 3: 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 4: 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 #3: 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 #4: 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.
Following are relevant if Rel-15 SRS is supported for gNB Rx-Tx time difference:
Observation 5: Each SRS antenna port switching may lead to timing error of 130 ns in Rx-Tx time difference measurement results due to transmit time misalignment between the SRS antenna ports.
Observation 6: 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 by the LMF via NRPPa.
Proposal #5: Impact of the SRS antenna port switching on gNB Rx-Tx time difference measurement can be prevented by gNB implementation.
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