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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: _GoBack]The synchronization error between TRPs degrades the positioning accuracy significantly. This is the main reason why the conventional DL-TDOA technique utilizing the DL-RSTD measurements has poor performance as compared to the measurements using the GNSS based technique.

The synchronization error issue may still happen in some scenarios where GNSS signals may not be received well. M-RTT has been seen as the solution to be immune from the synchronization error. 

M-RTT contains uplink RS transmission. The SRS signal configured to a certain UE in a cell would be transmitted to the neighboring cells. The corresponding uplink scheduling on the neighboring cells may need to be halted in order to reduce the interference for the signals from a far-off cell for positioning measurements. As the number of UEs from multiple cells is increasing for positioning service, the balance between SRS transmission and uplink scheduling among the cells needs to be considered seriously.

In this contribution, the combination of measurements for DL-TDOA and UL-TDOA is considered as a solution to cancel and also to estimate the synchronization error between a pair of TRPs. Furthermore, since the synchronization error between any pair of TRPs is a common value for all the UEs for positioning, the synchronization error which has been estimated for any UE through the combination of measurements for DL-TDOA and UL-TDOA can be applied to other UEs. This also means for each UE, the configured SRS periodicity could be longer than the DL-PRS periodicity. The SRS overhead from system point of view could be reduced significantly as the main benefit.

The simultaneous configuration for DL-RSTD measurements and for UL-RTOA measurements can be supported in NR Rel-16. The purpose of this contribution is to elaborate the benefit of doing so. 

2 Analysis
2.1 The dynamic synchronization error (timing offset) due to clock offset between TRPs
In UE receiver, the co-crystal structure is usually adopted so that the carrier frequency offset (CFO) and sampling frequency offset (SFO) are treated to have same ppm offset. We also assume similar concept for gNB transmission. 

In 38.104, the frequency error minimum requirement for transmission is defined below,
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Then the maximum clock offset between a pair of TRPs is 0.2ppm. This means, after 5e6 samples, the timing offset would be 1 sample time. Taking SCS=15KHz for example, the timing offset would increase 1 Ts (32.55ns) after around 162ms.
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Fig. 2-1, the timing offset between two transmissions is increasing due to respective clock offset

Observation 2-1: When assuming same ppm offset for frequency offset and sampling clock offset, the dynamic timing offset between a pair of TRPs could increase 1 Ts after around 162ms under SCS=15KHz

2.2 The cancellation and estimation of synchronization error between TRPs
A general assumption has been considered in Fig. 2-2. For each TRP, the downlink and uplink slot boundary from baseband point of view are aligned. This also means, if the synchronization error is present between a pair of TRPs, the timing offset between downlink slot boundaries is the same as that between uplink slot boundaries.

Fig. 2-3 and 2-4 show how the DL-RSTD and UL-RSTD (differential of two UL-RTOAs) measurements are perturbed by synchronization error delta,
· Measured DL-RSTD = tof1 – tof2 – delta
· Measured UL-RSTD = tof1 – tof2 + delta

Based on the above, the delta can be cancelled by taking the summation, and the delta can be estimated by taking the subtraction. The reason why the delta has different sign between DL-RSTD and UL-RSTD is because, for the TRP which has the later transmission timing, the UE will observe the late arrival of signal from this TRP. For the same TRP, the corresponding reception timing also comes later, then this TRP may view the arrival of signal earlier.
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Fig. 2-2: general assumption on the downlink and uplink slot boundary
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Fig. 2-3: DL-RSTD perturbed by synchronization error
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Fig. 2-4: UL-RSTD perturbed by synchronization error

Observation 2-2: The synchronization error between a pair of TRPs can be cancelled and also be estimated through the combination of DL-RSTD measurement and UL-RSTD measurement (differential of 2 UL-RTOA measurements)

2.3 Potential impact to other cells’ scheduling during SRS transmission
If the UEs from multiple cells are required for SRS transmission for positioning, the proper scheduling among cells for SRS transmission and for uplink muting should be investigated. In our views, when UEs are configured in a certain cell for SRS transmission for positioning in a time duration, the neighboring cells may need to mute the uplink scheduling during the time duration to ensure sufficient receiving quality. Therefore, the cells may take turns for SRS transmission and also take turns for muting the uplink scheduling in order to reduce the impact to the system efficiency. 

Fig. 2-5 to 2-12 show the concept on how SRS transmission and uplink muting may take turns among cells. In this example, it is assumed that UE may transmit SRS for positioning to 6 neighboring cells. This also means, each cell may mute uplink scheduling with 7 slots within a period, where the “period” indicates that each cell can take token to allow the registered UEs for SRS transmission for positioning, and it also assumes each cell takes token in one slot for transmission within a period. 

Let’s further take an example. If the period is assumed 32 slots, and it allows 8 UEs for transmission within a slot, and there are 32 UEs in a cell waiting for SRS transmission for positioning, the SRS transmission periodicity for each UE would be 128 slots. The efficiency loss would be 7/32 = 22% for muting uplink scheduling.

Observation 2-3: When UEs are configured in a certain cell for SRS transmission for positioning in a time duration, the neighboring cells may need to mute the uplink scheduling during the time duration to ensure sufficient receiving quality

Proposal 2-1: The cells may take turns for SRS transmission for positioning and also take turns for muting the uplink scheduling in order to reduce the impact to the system efficiency.
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Fig. 2-5:

[image: ]
Fig. 2-6:
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Fig. 2-7:
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Fig. 2-8:

[image: ]
Fig. 2-9:
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Fig. 2-10:
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Fig. 2-11:
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Fig. 2-12:

2.4 Potential solutions to reduce SRS transmission 
As mentioned above, the synchronization error between any pair of TRPs is common to all the UEs for positioning service. The UEs in a cell may take turns for SRS transmission in order to reduce the SRS transmission overhead from system point of view. As such, under the DL-TDOA+UL-TDOA scheme, for each UE, the configured SRS periodicity could be longer than the DL-PRS periodicity.

Fig. 2-13 shows an example. In each period, the downlink PRS are transmitted and therefore each UE may measure and report its own DL-RSTD for any pair of TRPs. The measured DL-RSTD for each UE for a same pair of TRPs is perturbed by a common synchronization error. 

In the first period, all the UEs report DL-RSTD measurements, and UE1 also transmits SRS for UL-RTOA measuremets in TRPs. The location server may estimate the synchronization error according to the reportings for UL-RTOA measurements due to UE1’s SRS transmission, and the reportings for DL-RSTD measurements by UE1. The estimated value can be applied to correct the reported DL-RSTD measurements by other UEs. In the second period, UE2 transmits SRS, and the same procedure applies. And in the next period, it is another UE to be configured for SRS transmission and the same procedure adopted in the first period is repeated.
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Fig. 2-13:

Observation 2-4: The synchronization error between any pair of TRPs is common to all the UEs for positioning service. The UEs in a cell may take turns for SRS transmission in order to reduce the SRS transmission overhead from system point of view

Observation 2-5: Under the DL-TDOA + UL-TDOA scheme, for each UE, the configured SRS periodicity could be longer than the DL-PRS periodicity.

Proposal 2-2: The DL-TDOA + UL-TDOA scheme can be considered to reduce the SRS transmission overhead from system point of view

Proposal 2-3: The DL-TDOA + UL-TDOA scheme can be considered to remove the impact of synchronization error between TRPs and to mitigate the impact of RX/TX timing delays at UE side

3 Conclusion
Observation 2-1: When assuming same ppm offset for frequency offset and sampling clock offset, the dynamic timing offset between a pair of TRPs could increase 1 Ts after around 162ms under SCS=15KHz

Observation 2-2: The synchronization error between a pair of TRPs can be cancelled and also be estimated through the combination of DL-RSTD measurement and UL-RSTD measurement (differential of 2 UL-RTOA measurements)

Observation 2-3: When UEs are configured in a certain cell for SRS transmission for positioning in a time duration, the neighboring cells may need to mute the uplink scheduling during the time duration to ensure sufficient receiving quality

Observation 2-4: The synchronization error between any pair of TRPs is common to all the UEs for positioning service. The UEs in a cell may take turns for SRS transmission in order to reduce the SRS transmission overhead from system point of view

Observation 2-5: Under the DL-TDOA + UL-TDOA scheme, for each UE, the configured SRS periodicity could be longer than the DL-PRS periodicity.

Proposal 2-1: The cells may take turns for SRS transmission for positioning and also take turns for muting the uplink scheduling in order to reduce the impact to the system efficiency.

Proposal 2-2: The DL-TDOA + UL-TDOA scheme can be considered to reduce the SRS transmission overhead from system point of view

Proposal 2-3: The DL-TDOA + UL-TDOA scheme can be considered to remove the impact of synchronization error between TRPs and to mitigate the impact of RX/TX timing delays at UE side
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Table 6.5.1.2-1: Frequency error minimum requirement.

k

BS class-

Accuracy-

E Wide Area BS- +0.05 ppm-
E Medium Range BS- +0.1 ppm-
k Local Area BS- +0.1 ppm-

T
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