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[bookmark: OLE_LINK1]In the RAN#98-e WG meeting, New WID on Expanded and Improved NR Positioning was approved [1]. One of the work item objectives is to specify SL PRS for support of sidelink positioning. 
	Objective:
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].


Based on the discussion and agreements of the previous meetings, in this contribution, we press ahead with related issues to enable SL positioning, including SL-PRS frequency and time domain pattern design. 
[bookmark: _GoBack]1 SL positioning methods
1.1 SL-TDOA
It has been concluded in the WID of the RAN#98-e WG meeting that the measurement to support SL-TDOA shall be specified for sidelink positioning.
In the RAN1#111 WG meeting, several companies proposed that the impact of synchronization error between multiple anchor UEs need to be studied, and if needed, develop methods to mitigate it. The following agreement was reached with regards to this topic
	Agreement
With regards to SL-TDOA positioning method for SL-only positioning,
· 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 (i.e. UL-TDOA-like operation) at least for the purpose of absolute positioning estimation of the target UE
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.




We identify that the source of synchronization error originated from two aspects: the initial clock offset and the clock drift. We establish the clock error model considering a signal transceiver process between two nodes. Assume that the time stamp of node i and node j are  and  in the initial stage, respectively.  After time t, the time stamp updated to be






Where  and  denotes the real clock frequency of node i and j, respectively. Due to the jitter of the crystal, generally  is not equal to , thus leads to a clock frequency drift problem. 






Suppose node i sends a signal at time t and at the same time records the time stamp of this moment as  . The signal arrives at node j after time , where  is the time of flight,  and  denotes the distance between node i,  j and the speed of light, respectively. The node j records the time stamp of the signal arrival time as  , we have


When we treat it according to the ideal model, we make the difference between the two and get


The impact of clock offset and drift can not be ignored. 
Observation 1: The synchronization problem includes the clock offset and frequency drift, both factors will seriously affect the TDOA measurement result.
Proposal 1: Consider both the clock offset and clock drift error when designing synchronization schemes between nodes. 
2 SL positioning reference signals design
2.1 SL-PRS frequency domain pattern 
The RAN1#111 WG meeting of SI phase has made an agreement about the SL-PRS design, concluded the design with reference to the existing DL-PRS. but leave FFS for the specific pattern, including the SL-PRS comb size, comb offset, symbol length, as well as the mechanism of muting, repetition, and transmission periodicity.
	Agreement
Update the agreed TP into the conclusion section of the TR 38.859 as follows:
For the solutions for sidelink positioning,
· A new sidelink reference signal (SL-PRS) is recommended for normative work. 
· Such a reference signal should use a Comb frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS should be used as a starting point.
· SCI can be used for reserving/indicating one or more SL-PRS resources
· With regards to the power control for SL-PRS at least Open Loop PC is recommended for normative work.


On the comb size, given that the SL-PRS will function as a union of both DL PRS and Positioning SRS, RAN1 is expected to consider the parameters to the union of the parameters for the PRS and SRS as N = {1 2, 4, 6, 8, 12}. These values can be considered at first and other values are not precluded if is beneficial.
On the number of symbols within a slot, refer to the existed PRS design in TS 38.211 Table 7.4.1.7.3-1, which ranges from 1 to12. These values can be considered as potential candidates of M in SL-PRS design. Note that the feasible value of M may be limited if some symbols are occupied by other channels such as PSCCH, but it will not prevent the design of the set of M.
	
	Symbol number within the downlink PRS resource 
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As for the RE offset, which is determined by M and N.
Proposal 3: With regards to the comb size N of a SL-PRS resource, the value of N = {1 2, 4, 6, 8, 12} can be considered at first.
Proposal 4: Refer to the existed PRS pattern in TS 38.211 Table 7.4.1.7.3-1 when determine the sets of symbol length within a slot M and RE offset. Specifically, take  as potential candidate values, and determine together with N the value of RE offset. 
2.2 SL-PRS time domain pattern
With regards to time domain pattern, it has been suggested by some companies in RAN1#110-e-bis meeting that the time domain repetition pattern to be supported for Doppler frequency shift estimation in high mobility scenarios. Notice that the repetition of PRS resource within a PRS resource set is supported in existed NR PRS design. Therefore, the introduction of time repetition of SL-PRS is supposed to be a natural consideration. 
Moreover, the PRS muting mechanism can also be considered to introduce to SL-PRS design considering of the co-existence of which with SL-data transmission in the shared resource pool. The muting mechanism may helpful for conflict avoidance of SL-PRS and SL-communication channels/signals, such as PSSCH. In addition, it may provide a flexibility increment of SL-PRS configuration. The existed two muting patterns can be considered as a starting point for SL-PRS muting configuration design. 
Proposal 5: Support the time domain repetition of SL-PRS within a SL-PRS resource set.
Proposal 6: Support the muting pattern of SL-PRS. The existing two muting patterns of NR PRS can be considered as a starting point for SL-PRS muting configuration design.  
3 Conclusion
In this contribution, we discuss some critical issues for Sidelink positioning especially SL-PRS design related problems. Accordingly, the following proposals were made:
Observation 1: The synchronization problem includes the clock offset and frequency drift, both factors will seriously affect the TDOA measurement result.
Proposal 1: Consider both the clock offset and clock drift error when designing synchronization schemes between nodes. 
Proposal 3: With regards to the comb size N of a SL-PRS resource, the value of N = {1 2, 4, 8, 8, 12} can be considered at first.
Proposal 4: Refer to the existed PRS pattern in TS 38.211 Table 7.4.1.7.3-1 when determine the sets of symbol length within a slot M and RE offset. Specifically, take  as potential candidate values, and determine together with N the value of RE offset.
Proposal 5: Support the time domain repetition of SL-PRS within a PRS resource set.
Proposal 6: Support the muting pattern of SL-PRS. The existing two muting patterns of NR PRS can be considered as a starting point for SL-PRS muting configuration design.
4 Reference 
[1] 3GPP RP-223549, “New WID on Expanded and Improved NR Positioning”, Intel Corporation, CATT, Ericsson, Dec. 12 - 16, 2022.
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