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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]In this contribution, we provide our views for the following design issues,
· Mitigation of synchronization error between anchor UEs for SL-TDOA
· Single-sided or double-sided for SL-RTT?
· Dedicated resource pool structure
· SL-PRS structure
· Scheme 2 S-PRS resource allocation


2 Single-sided or double-sided for SL-RTT?
There was an agreement in previous meeting for the design of SL-RTT which should be a single-sided or double-sided form,
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The root cause is that the clock drift, or sampling frequency offset (SFO), may change the symbol duration so that the received timing is changed with time even though there is no movement between TX and RX.

The impact of SFO is relative. Then let’s assume that the anchor UE doesn’t have SFO (0 ppm) and the target UE has SFO with faster sampling. Let’s also assume the timing boundary is aligned between anchor and target UE in the very beginning to facilitate the analysis. The propagation time between anchor and target UE is tof1(ti), so that the propagation time could be time varying. In Fig. 2-1, at t1, when anchor UE transmit SL-PRS to target UE, the target UE measures the RX-TX time difference as tof1(t1).

At t2, the timing boundary between anchor and target UE is shifted due to shorter symbol duration of the target UE. When the target UE transmits SL-PRS to anchor UE, the anchor UE may measure the RX-TX time difference as tof1(t2) – delta.

At t3, in which t3- t2 = t2- t1, the target UE timing is further shifted. The target UE may measure the RX-TX time difference as tof1(t3) + 2*delta. And at t4, the anchor UE may measure the RX-TX time difference as tof1(t4) – 3*delta.

Fig. 2-3 shows the measurement results between anchor and target UE. When there is no movement, namely tof1(t1) = tof1(t2) = tof1(t3), the impact of delta can be removed by a simple measurement combination:
¼ *(tof1 (@t1) + tof1 + 2*delta (@t3) + 2*(tof1 - delta) (@t2) ) = tof1  --(2.1)

When there is movement between anchor and UE, the measurement combination may not eliminate the impact of SFO completely. Also, the transmission duration is longer for the double-sided method, which also increases the probability of UE at movement during the duration.

The transmission timing difference between anchor and target, which is t2-t1, t3-t2, t4-t3 may need to be equal to ensure the cancellation, since the SFO could be a same value within a period of time.

The receiver usually applies co-crystal structure so that CFO induced by the mixer and SFO induced by the ADC may have same ppm offset. In TS 38.104 and TS 38.101, the frequency error requirement for gNB and UE are defined. Normally the maximum error of 0.1ppm could be used for the analysis.

The 0.1ppm means, after 107 samples, the timing is shifted for 1 sample. Take SCS=15KHz as example, when a slot consists of 30720 samples, the 107 samples amount to 325 slots, and 1 sample time period which is 32.55ns is shifted after 325 slots. This means the timing is shifted by 0.1ns after one slot time (1ms).

If the relative speed between anchor and target UE is 50km/hr for example in Fig. 2-4, the target UE will be away from the anchor UE by 1.39 centi-meter per ms and it is equivalent to shift the timing by 0.046ns after one slot time (1ms). The measurement combination for the measurement at t1, t2 and t3 could cancel the SFO impact, and the measured distance, by using Eqn. (2.1), may be equivalent to the distance at t2. Therefore, there is benefit when there are multiple transmission number in each direction between anchor and target UE. 

The single-sided transmission has allowed UE to measure the propagation distance. More transmissions between anchor and target UE could be used to track the moving change and also to mitigate the SFO impact. Therefore, we prefer to define SL-RTT as single-sided transmission method. 

The double-sided transmission could be implementation specific. It could be achieved by configuring certain number of transmissions between anchor UE and target UE. The additional requirement is that whether the TX timing for determining the RX-TX time difference is based on the immediate TX timing during reception, or is based on the actual transmission timing which may happen later.


Proposal 2-1: Define SL-RTT as single-sided transmission method. There is benefit when there are multiple transmission number in each direction between anchor and target UE. It can be achieved through configuration
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3 Mitigation of synchronization error between anchor UEs for SL-TDOA
The following agreement is to further investigate the solution to mitigate synchronization error between anchor UEs,
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Let’s assume that each anchor UE and target UE have the associated TX and RX slot boundary. The synchronization error ‘mu’ in Fig.3-1 is the TX slot boundary difference between two anchor UEs. When the transmission direction is anchor to target, the measured SL-RSTD is influenced by mu.

Fig. 3-2 shows the transmission direction from target to anchor. The difference of TOA measurements by two anchor UEs are also influenced by ‘mu’, but at different sign as compared to that in Fig. 3-1. Therefore, the ‘mu’ between a pair of anchor UEs could be estimated, and any target UE could be used to estimate ‘mu’ since it is a common parameter to all UEs.

Further, each anchor UE within a group may be able to estimate the synchronization error for a pair of anchor UEs, as long as the transmission instance doesn't overlap in time.

Normally, the SL-TDOA may be configured with a single direction. There is no need to configure the two directions with equal transmission periodicity, since SL-RTT has been doing so.

Therefore, to resolve the synchronization error problem, the SL-TDOA could be configured with two directions but with unequal transmission periodicity. The measurements in one transmission direction are to assist the estimation of synchronization error for the measurements in another transmission direction.


Proposal 3-1: To resolve the synchronization error problem, the SL-TDOA could be configured with two directions but with unequal transmission periodicity. The measurements in one transmission direction are to assist the estimation of synchronization error for the measurements in another transmission direction
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4 Dedicated resource pool structure
The allowed channels and signals within the dedicated resource pool is still under discussion,
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Even though a UE is currently not under the positioning procedure, the UE may still need to know the channel reservation status. Decoding the 1st SCI could provide the information. Therefore, we prefer the dedicated resource pool to contain PSCCH carrying the SCI. To maintain the dedicated resource pool for measurement purpose, the PSSCH may not be contained. The higher layer configuration could be indicated through the PSSCH in communication resource pool.

The SL-PRS transmission within the shared resource pool could be treated as the extension when SL-PRS is able to be transmitted within the dedicated resource pool. We consider the further development in Rel-19.

Proposal 4-1: Within the dedicated resource pool, PSCCH carrying SCI associated with SL-PRS transmission is included

Proposal 4-2: Consider to develop the SL-PRS transmission within the shared resource pool in Rel-19


5 SL-PRS structure 
For SL-PRS structure discussion in previous meeting, the following agreement is reached,
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If the symbols are used only for SL-PRS transmission, the SL-PRS in AGC symbol could actually follow the staggering pattern defined in Rel-16, not to directly repeat the first symbol. If SL-PRS is transmitted with other signals without the overlapping in subcarriers, the legacy solution through the repetition as the AGC symbol could be considered.

To consider the Doppler frequency tracking, a SL-PRS resource having the RS to occupy same set of subcarriers in different symbols could be considered. The full staggering pattern, for example the comb-N with N symbols structure doesn't have the property. The comb-N with 2N or 3N symbols’ structure allows the Doppler frequency tracking using the DL-PRS with same set of subcarriers in different symbols. The symbol number 2N or 3N may be too large for sidelink scenario. Therefore the symbol number could be considered to be between N and 2N, or N+1 when excluding the symbol used for AGC training. 

Proposal 5-1: The symbol number M could consider to be a value between N and 2N, or N+1 when excluding the symbol used for AGC training. As such, the UE may perform Doppler tracking using the DL-PRS with same set of subcarriers in different symbols

6 Scheme 2 SL-PRS resource allocation
SL-RTT requires the transmission from both target UE and anchor UE. A solution for SL-PRS transmission without IUC could be that, when target UE transmits SL-PRS, the SCI may contain the reservation status of the SL-PRS transmission. The SCI may further indicate the receiving UE to transmit SL-PRS in response to the reception of SL-PRS.  

The IUC feature is beneficial and could also be applied to the SL-PRS transmission. For example,
· Target UE may suggest SL-PRS configuration for anchor UE’s transmission as target UE’s preference. The SL-PRS configuration may contain the time/frequency resource and the periodicity
· Target UE may provide SL-PRS configuration for anchor UE’s transmission as target UE’s non-preference. For example, target UE has sensed that some time/frequency resource may not have proper SNR for reception


Proposal 6-1: The SCI may further indicate the receiving UE to transmit SL-PRS in response to the reception of SL-PRS

Proposal 6-2: Target UE may suggest SL-PRS configuration for anchor UE’s transmission as target UE’s preference

Proposal 6-3: Target UE may provide SL-PRS configuration for anchor UE’s transmission as target UE’s non-preference

7 Conclusion

Proposal 2-1: Define SL-RTT as single-sided transmission method. There is benefit when there are multiple transmission number in each direction between anchor and target UE. It can be achieved through configuration

Proposal 3-1: To resolve the synchronization error problem, the SL-TDOA could be configured with two directions but with unequal transmission periodicity. The measurements in one transmission direction are to assist the estimation of synchronization error for the measurements in another transmission direction

Proposal 4-1: Within the dedicated resource pool, PSCCH carrying SCI associated with SL-PRS transmission is included

Proposal 4-2: Consider to develop the SL-PRS transmission within the shared resource pool in Rel-19

Proposal 5-1: The symbol number M could consider to be a value between N and 2N, or N+1 when excluding the symbol used for AGC training. As such, the UE may perform Doppler tracking using the DL-PRS with same set of subcarriers in different symbols

Proposal 6-1: The SCI may further indicate the receiving UE to transmit SL-PRS in response to the reception of SL-PRS

Proposal 6-2: Target UE may suggest SL-PRS configuration for anchor UE’s transmission as target UE’s preference

Proposal 6-3: Target UE may provide SL-PRS configuration for anchor UE’s transmission as target UE’s non-preference

8 Reference
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6.4 Transmit signal quality

b.4.1 Frequency error

The UE basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements
of UE modulated carrier frequency shall be accurate to within = 0.1 PPM observed over a period of 1 s of cumulated
measurement intervals compared to the carrier frequency received from the NR Node B.
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ith regards to SL-TDOA positioning method for SL-only positioning,

o It corresponds to a method where SL-PRS is being transmitted from multiple anchor UEs to a target UE (i.e.,
DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (ie. UL-TDOA-like operation) at
least for the purpose of absolute positioning estimation of the target UE

o Study the detailed procedure, necessary signalling for SL-TDOA, method(s) to mitigate impact of
synchronization error between multiple anchor UEs including whether such method(s) are needed.
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For a dedicated resource pool for SL positioning,
o With regards to which channels can be included in the resource pool in addition to SL-PRS, consider the
following options:
©  Opt. 1: No other channel can be included beyond SL-PRS
o Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
o Opt. 3: PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated
with SL-PRS transmission(s) are included
=  FFS: Details
= FFS: definition of PSSCH associated with SL-PRS transmission(s)
: Companies are encouraged to provide their analysis and views on the above
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With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following
characteristics:
o With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the
symbol(s) used for AGC training / RxTx, Turnaround:
o Atleast the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
o FFS: the values considered as potential candidate values for M
©  FFSI: Whether to consider N>12 as a potential candidate value(s)
o The symbols of a SL-PRS resource within a slot are consecutive symbols
o FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported)
o FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS
pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose
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o With regards to the RTT-type solutions using SL, down-select between the following 2 alternatives:
o Alt. 1: it corresponds to a single-sided RTT method
o Alt 2: it may correspond to either a single-sided or double-sided RTT method
= With regards to the double-sided RTT,
o companies are encouraged to analyze and evaluate the effect in performance for the
single-sided SL RTT due to clock drift
*  Study the order of the SL-PRS transmissions for double-sided RTT
*  Study the impact of UE mobility
= FFS study whether there is or what is the spec impact of double-sided RTT method
o Note: the above may correspond to RTT with one or multiple devices
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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





