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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 items are agreed in RAN1 #109 e-meeting for further study. In this contribution, we provide our views for the following items,
· Positioning methods for SL positioning
· SL-PRS design aspect
· SL-PRS configuration aspect
· Measurement types for SL positioning methods
· The introduction of the functionality of server UE

2 Analysis of the positioning methods and the corresponding measurement types
The following positioning methods are agreed for further study,
· SL-RTT
· SL-AOA
· SL-TDOA
· SL-AOD

The performance of the SL-AOA and SL-AOD may be determined by the antenna number of RX UE and TX UE respectively. When UE is moving, it is doubtful on the precise control of the beam orientation. Then it is expected that the (anchor) UEs of supporting SL-AOA and SL-AOD positioning methods as the role of RX UE and TX UE respectively are stationary. Basically the RSUs are suitable for the two positioning methods.

Similar to M-RTT over the Uu interface, the SL-RTT is bi-directional, and it is particularly useful for the case of one-to-one transmission, for relative positioning. It is also feasible for SL-RTT for the case of many-to-one and one-to-many transmission for absolute positioning, and for relative positioning which is simultaneously conducted with several UEs, as shown in Fig. 2.1.

DL-TDOA and UL-TDOA over the Uu interface are uni-directional. It also allows the NW to configure both simultaneously. DL-TDOA and UL-TDOA belong to many-to-one (anchor-to-target) and one-to-many transmission (target-to-anchor), respectively. The noticeable problem for DL-TDOA and UL-TDOA is the synchronization error between TRPs.

Then, for SL-TDOA, the two issues of the direction for transmission and the synchronization error problem between (anchor) UEs need to be resolved. We propose to support both the transmission direction of many-to-one (anchor-to-target) and one-to-many (target-to-anchor) for SL-TDOA. We may simply define two types of SL-TDOA, type 1 and type 2 for the transmission direction of anchor-to-target and target-to-anchor, respectively.

The direction of anchor-to-target for SL-TDOA could be realized by the target UE to request the anchor UEs to transmit SL-PRS. The direction of target-to-anchor for SL-TDOA could be realized by the target UE to request the anchor UEs to receive SL-PRS for measurement. Similarly for SL-RTT, the target UE may request the anchor UEs 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 alone or gNB RX-TX time difference 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].  


Proposal 2-1: Support SL-RTT, SL-TDOA, SL-AOA and SL-AOD for SL positioning methods

Proposal 2-2: For SL-TDOA, support both the transmission direction of many-to-one (anchor-to-target) and one-to-many (target-to-anchor), which is similar to DL-TDOA and UL-TDOA respectively
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                  Fig. 2-1: the transmission direction (UE 1 as target UE)


3 The SL-PRS design
For SL-PRS, we expect to re-use the existing design for DL-PRS and SRS for positioning as much as possible.  

The additional requirement of the design under SL framework could be
· Whether there is a need for the symbol(s) for AGC for SL-PRS reception
· Whether there is a need to reserve the guard time as the TX-RX turnaround time
· The supported bandwidth 

Both the DL-PRS and 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 received SNR through the time domain interpolation.

The sidelink framework may mostly be targeted to the short range transmission. Then the long symbol length for a SL-PRS resource 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 for positioning, 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 length of a SL-PRS resource is not too long, it may provide sufficient guard time. 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 case of comb-4 with 6 symbols. In this way, the RX UE may have one or two symbols for AGC adjustment and may have 4 symbols for measurement. The measurement may leverage the larger size of IFFT for noise suppression.

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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         Fig. 3-3

Proposal 3-1: The symbol(s) for AGC tuning could implicitly reside 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 could be considered, for example comb-4 with 6 symbols

Proposal 3-3: The SL-PRS bandwidth could be wider than a resource pool in frequency domain

Proposal 3-4: ZC sequence is preferred for SL-PRS


4 The SL-PRS configuration 
The DL-PRS and SRS for positioning configuration are through the higher level signalling for the Uu interface. The activation and the triggering could be conducted using lower layer signalling. We expect to align the design concept between using Uu interface and PC5 interface. As such, the SL-PRS configuration by lower-layer signalling is not preferred. 

Proposal 4-1: Don't support option 3: only lower-layer signalling involvement in the SL-PRS configuration

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 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 TA. We expect to unify to have one measurement type, if SL-RTT and SL-TDOA with target-to-anchor transmission direction are supported. 

Proposal 5-1: We expect to unify to have one measurement type, if SL-RTT and SL-TDOA with target-to-anchor transmission direction are supported

Proposal 5-2: 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 LMF provide the assistance information and the position calculation. The TRPs may also provide the corresponding assistance information for SRS transmission.

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

As stated in section 2, the measurement done by the anchor UEs 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 2, the request of measurement and the request of 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 over the Uu interface and 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 Conclusion

Proposal 2-1: Support SL-RTT, SL-TDOA, SL-AOA and SL-AOD for SL positioning methods

Proposal 2-2: For SL-TDOA, support both the transmission direction of many-to-one (anchor-to-target) and one-to-many (target-to-anchor), which is similar to DL-TDOA and UL-TDOA respectively

Proposal 3-1: The symbol(s) for AGC tuning could implicitly reside 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 could be considered, for example comb-4 with 6 symbols

Proposal 3-3: The SL-PRS bandwidth could be wider than a resource pool in frequency domain

Proposal 3-4: ZC sequence is preferred for SL-PRS

Proposal 4-1: Don't support option 3: only lower-layer signalling involvement in the SL-PRS configuration

Proposal 5-1: We expect to unify to have one measurement type, if both SL-RTT and SL-TDOA with target-to-anchor transmission direction are supported

Proposal 5-2: 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 over the Uu interface and 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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