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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]Several notable agreements in RAN1 #110 meeting are summarized in below,
· Potential positioning methods: RTT-type, SL-AoA, SL-TDOA,
· Other methods could also be studied 
· New reference signal to be introduced
· Two resource allocation schemes similar to legacy Mode 1 and 2 to be introduced
· Which resource pool types to be supported
· Potential elements within the measurement reports
· Which sequence for SL-PRS to be supported
· SL-PRS frequency domain structure to be determined
· Further study on the scheme 2 resource allocations for several aspects

In addition to the above agreements for further study, in this contribution, the functionality of server UE is proposed.

2 The resource pool types
The following agreement related to resource pool type is reached in previous meeting:
	Agreement
With regards to the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging:
· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS
· Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed




The shared resource pool is that the SL-PRS may be transmitted together with other SL channels/RSs in the same resource pool, and the dedicated resource pool is for the SL-PRS transmission only. At a first glance, the dedicated and shared resource pool could be similar to the transmission within measurement gaps and PRS processing windows, respectively. However, even in the dedicated resource pool, the “competition” for the resource allocation of SL-PRS is still required.

The simultaneous processing of measurement and data is not preferred. The dedicated resource pool may also simplify the UE design and therefore Alt. 1 is supported.

Proposal 2-1: Support dedicated resource pool(s) for SL-PRS transmission

3 The SL-PRS design
In TS 38.211, it is seen that,
	· [bookmark: _Hlk26193790]The resource elements used for the PSSCH in the first OFDM symbol in the mapping operation above, including any DM-RS, PT-RS, or CSI-RS occurring in the first OFDM symbol, shall be duplicated in the OFDM symbol immediately preceding the first OFDM symbol in the mapping.

· The resource elements used for the PSCCH in the first OFDM symbol in the mapping operation above, including any DM-RS, PT-RS, or CSI-RS occurring in the first OFDM symbol, shall be duplicated in the immediately preceding OFDM symbol.

· The OFDM symbol immediately following the last symbol used for PSSCH, PSFCH, or S-SSB serves as a guard symbol




The duplication of the PSSCH and PSCCH in the first OFDM symbol to the immediately preceding OFDM symbol has the purpose for AGC adjustment. Then it is also a general question whether the SL-PRS transmission may consider the AGC symbol and TX-RX turnaround time.

Both the DL-PRS and the SRS for positioning support the full staggering structure, and the full staggering structure could be repeated within a slot, for example a comb-4 structure with 12 symbols. The repetition within a slot allows the receiver to improve the received SNR through the time domain interpolation.

The sidelink framework may mostly be targeted to the short range transmission. Then the longer SL-PRS resource duration due to the larger symbol number may not be needed. Also, the whole OFDM symbol observation range achieved by the full staggering structure may not always be needed since the propagation distance is limited. However, the full staggering structure allows the RX UE to apply larger IFFT size to measure the first path, which is useful to improve the received SNR.

This doesn't mean the staggering structure needs to be changed. Fig. 3-1, 3-2 and 3-3 show the potential usage when the AGC tuning and the measurement are performed within a same SL-PRS resource.

For Tx-Rx turnaround time issue, if the symbol number of a SL-PRS resource is restricted, the sufficient guard time after the last symbol of SL-PRS resource could be guaranteed. Then the comb-4 structure with the 12 symbols configuration for DL-PRS may not be suitable for SL-PRS.

One potential enhancement is to consider more flexible symbol number for SL-PRS. Fig. 3-2 shows the structure of comb-4 with 6 symbols. In this way, the RX UE may have one or two symbols for AGC adjustment and may have the remaining 4 symbols for measurement. The measurement may still leverage the larger size of IFFT for noise suppression, since the remaining 4 symbols are still full staggered.

It has been well known that the RS bandwidth determines the resolution and the accuracy. Then the SL-PRS bandwidth may allow to be wider than a resource pool in frequency domain. 
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         Fig. 3-1                               Fig. 3-2
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Proposal 3-1: The symbol(s) for AGC tuning could implicitly be resided in the SL-PRS pattern. Then AGC tuning and measurement could be performed within a SL-PRS resource

Proposal 3-2: The more flexible symbol number for SL-PRS under full staggering structure could be considered, for example comb-4 with 6 symbols to allow using the first two symbols for AGC adjustment, and the remaining four symbols for measurement

Proposal 3-3: Weil sequence is not considered

4 Positioning method for sidelink
The below agreement was achieved in previous meeting:
	Agreement
With regards to the Positioning methods supported using at least SL measurements, potential candidate positioning methods include at least the following:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· Note: other methods can still be studied
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified.  


One potential question is the transmission direction of SL-TDOA. The direction from anchor(s) to a target, and from a target to anchor(s) are equivalent to DL-TDOA and UL-TDOA respectively.

The direction of anchor(s)-to-target for SL-TDOA could be realized by the target UE to request the anchor UE(s) to transmit SL-PRS. The direction of target-to-anchor(s) for SL-TDOA could be realized by the target UE to request the anchor UE(s) to receive SL-PRS for measurement. Similarly for SL-RTT, the target UE may request the anchor UE(s) to transmit SL-PRS and to receive SL-PRS for measurement.

The synchronization error problem between TRPs could be resolved by simultaneously configuration of DL-TDOA and UL-TDOA [1], and the synchronization error between a pair of TRPs could be estimated at LMF based on the combination of the DL and UL measurement reports. 

The main difference between M-RTT and the bi-directional TDOA is that, for M-RTT, the DL-PRS and SRS periodicity are basically the same, since UE RX-TX time difference measurement alone or gNB RX-TX time difference measurement along could not be used to determine the propagation time. However, there is no restriction for bi-directional TDOA. This is because one TDOA method could be used to assist another TDOA method for calculating the synchronization error (RTD). A TDOA method acting as the assistance role could be configured with longer periodicity to reduce the RS overhead [1].  

We support SL-TDOA with the two transmission directions, and we also don't expect that the synchronization between anchor UEs is a problem.

The SL-AOA could be treated as the angle based measurement at the anchor UE(s). The antenna array size may determine the accuracy. The SL-AOD could be treated as the angle based solution through the RSRP measurement at the target UE. When the antenna array size is limited at anchor UE(s), the number of beams may also be limited, thereby degrading the accuracy. This also means, both SL-AOA and SL-AOD are impacted by the antenna array size at the anchor UE(s).

If SL-AOA could be supported for SL positioning, there is no strong reason that SL-AOD can’t be supported.  


Proposal 4-1: Support SL-TDOA for the direction of anchor(s) to target, and target to anchor(s)

Proposal 4-2: Support SL-AOD as one of the SL positioning methods

5 The measurement types 
For M-RTT, the UE RX-TX time difference measurement is defined that the RX timing is relative to the TX timing and the TX timing is based on the TA. For UL-TDOA, the UL-RTOA measurement is defined that the RX timing is relative to a reference time.

The SL framework basically doesn't support dynamic TA. Then the RX-TX time difference could be quite similar to RTOA. 

The transmission direction for SL-TDOA is still open for discussion. If the transmission from target to anchor(s) is supported, a unified measurement type seems feasible for the SL-RTT and the SL-TDOA with the target-to-anchor(s) transmission direction.

Further, if the SL-AOD is supported, the SL PRS-RSRP and SL PRS-RSRPP may need to be defined. 

Proposal 5-1: We expect to have a unified measurement type, if both SL-RTT and SL-TDOA with target-to-anchor(s) transmission direction are supported

Proposal 5-2: Support and define the measurement types of SL RSTD, SL PRS-RSRP, SL PRS-RSRPP, SL RTOA and SL AOA

6 The functionality of server UE for SL positioning
It is agreed to use the terminology, the anchor UE, for the study phase. The anchor UE is currently considered as the UE to support positioning of target UE.

As we leverage the entire positioning framework over the Uu interface, the TRPs and the location server (LMF) can be treated as the entities to support positioning of target UE. The TRPs could transmit and/or receive RS for positioning, and the LMF provides the assistance information and the position calculation. The TRPs may also provide the corresponding assistance information for SRS transmission.

The concept of server UE could be introduced to keep similar framework between the positioning over the Uu interface and over the PC5 interface.

When the measurements are conducted at the anchor UEs, the results may send to somewhere for further processing. The server UE may play the role of receiving the measurement results for further processing. The target UE, one of the anchor UEs, or another entity could act as the server UE.

Also stated in section 4, the request for measurement and the request for transmission by the target UE could be sent to the server UE. The server UE may assist the target UE to determine a group of anchor UEs to support the positioning of the target UE.


Proposal 6-1: Introduce the server UE to align the positioning framework between being over the Uu interface and being over the PC5 interface

Proposal 6-2: The server UE may play the role of receiving the measurement results for further processing

Proposal 6-3: The server UE may assist the target UE to determine a group of anchor UEs to support the positioning of the target UE


7 Scheme 2 SL-PRS resource allocation
When the physical time/frequency resources for actual SL-PRS transmission by a target UE is indicated in SCI, the other UEs after SCI decoding could be aware of the occupied physical resources, even though the UEs may not be under the positioning procedure with the target UE.

The inter-UE coordination could be beneficial to fulfill the positioning procedure. For example,
· Request for measurement, and request for transmission
· Coordination for the SL-PRS configuration. For example, whether the physical time/frequency resources for transmission and for reception could be agreed by both sides, or some modifications are needed
· A use case is that, when SL-RTT is operated, the target UE may expect the transmission timing and the reception timing as close as possible. Therefore, when target UE provides its SL-PRS configuration to anchor UE(s), the target UE may also suggest the preferred SL-PRS configuration for the transmission by anchor UE(s). However, the anchor UE(s) may not accept the suggestion because the anchor UE(s) may have been in transmission with a different SL-PRS configuration.

The inter-UE coordination may be operated at higher layer. Once the SL-PRS configuration is determined, the corresponding parameters, such as the allocated time/frequency resources, could be indicated within SCI.

8 Conclusion

Proposal 2-1: Support dedicated resource pool(s) for SL-PRS transmission

Proposal 3-1: The symbol(s) for AGC tuning could implicitly be resided in the SL-PRS pattern. Then AGC tuning and measurement could be performed within a SL-PRS resource

Proposal 3-2: The more flexible symbol number for SL-PRS under full staggering structure could be considered, for example comb-4 with 6 symbols to allow using the first two symbols for AGC adjustment, and the remaining four symbols for measurement

Proposal 3-3: Weil sequence is not considered

Proposal 4-1: Support SL-TDOA for the direction of anchor(s) to target, and target to anchor(s)

Proposal 4-2: Support SL-AOD as one of the SL positioning methods

Proposal 5-1: We expect to have a unified measurement type, if both SL-RTT and SL-TDOA with target-to-anchor(s) transmission direction are supported

Proposal 5-2: Support and define the measurement types of SL RSTD, SL PRS-RSRP, SL PRS-RSRPP, SL RTOA and SL AOA

Proposal 6-1: Introduce the server UE to align the positioning framework between being over the Uu interface and being over the PC5 interface

Proposal 6-2: The server UE may play the role of receiving the measurement results for further processing

Proposal 6-3: The server UE may assist the target UE to determine a group of anchor UEs to support the positioning of the target UE
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