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In the RAN#97e WG meeting, the study item on expanded and improved NR positioning was slightly revised [1]. One of the study item objectives is to evaluate potential solutions for sidelink positioning. 
	Objective:
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]


Based on the discussion and agreements of the previous #110b-e meeting, in this contribution, we press ahead with related issues to enable SL positioning, including SL positioning solutions and SL-PRS resource related problems.
1 SL positioning methods
1.1 RTT-type method
It has been concluded in last meeting that the single and/or double-sided RTT shall be further evaluated as the RTT-type solutions for SL positioning


	Agreement
· With regards to the RTT-type solutions using SL, down-select between the following 2 alternatives: 
· Alt. 1: it corresponds to a single-sided RTT method
· Alt. 2: it may correspond to either a single-sided or double-sided RTT method
· With regards to the double-sided RTT, 
· 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
Note: the above may correspond to RTT with one or multiple devices


Several companies claim that the double-sided RTT is expected to have performance improvement in contrast to the single-sided RTT especially for the clock drift mitigation. We evaluate the influence of time drift for the both solutions analytically, and concluded that the double-sided RTT not provides prominent performance gain for ranging, and is unnecessary to be introduced to SL positioning.  
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(a) single-sided RTT                 (b) double-sided RTT
Single-sided RTT:






Where  denotes the measured or estimated value of , denote the clock drift of UE-a and UE-b respectively.  is the time of flight for a specific distance. 
Double-sided RTT:





Where  denotes the measured or estimated value of , denote the clock drift of UE-a and UE-b respectively. 
It can be observed that the estimated error of TOF still exists in double-sided solution. if we treat the clock drift of UE-a and UE-b as random variables with independent identically distributions, and focus on the expectation of the TOF estimation, we obtain




it can be got that the expectation of TOF estimation for single-sided RTT is even closer to the ground-truth than the double-sided RTT. In this sense, it is unnecessary to use double-sided RTT solution. Not to mention the extra delay and signaling overheads.

Observation 1: the expectation of TOF estimation for single-sided RTT is even closer to the ground-truth than the double-sided RTT if we treat the clock drift of UE-a and UE-b as random variables with independent identically distributions.
Proposal 1: it is unnecessary to use double-sided RTT solution, we prefer the alt. 1, i.e., adopt single-sided RTT method for SL positioning.


2 SL positioning reference signals design
2.1 SL-PRS frequency domain pattern 
With regards to the frequency domain pattern, companies make progress on determination of the comb size, but leave several FFS such as the number of SL-PRS symbols within a slot and RE-offset sequence.
	Agreement
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· 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:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· FFS: the values considered as potential candidate values for M
· FFS1: Whether to consider N>12 as a potential candidate value(s)
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported)
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


On the Comb size, note that there may be numerous multiplexed UEs, the comb size N>12 for SL-PRS to support more UEs’ RS multiplexing can be considered.
Refer to the existed PRS design in TS 38.211 Table 7.4.1.7.3-1, the number of symbols within a slot ranges from 1 to12, which can be considered as potential candidate values 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 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	2
	0
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	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	4
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	2
	1
	3
	0
	2
	1
	3
	0
	2
	1
	3

	6
	0
	3
	1
	4
	2
	5
	0
	3
	1
	4
	2
	5

	12
	0
	6
	3
	9
	1
	7
	4
	10
	2
	8
	5
	11


As for the RE offset, which is determined by M and N.
Proposal 2: consider the comb size N>12 for SL-PRS to support more UEs’ RS multiplexing.
Proposal 3: refer to the existed PRS pattern in TS 38.211 Table 7.4.1.7.3-1 when determine the sets of values of 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 last 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 in order to increase the flexibility of SL-PRS configuration, where the existed two muting patterns can be considered as a starting point for SL-PRS muting configuration design. 
Proposal 4: support the time domain repetition of SL-PRS within a PRS resource set.
Proposal 5: support the muting pattern of SL-PRS in order to increase the flexibility. The existed two muting patterns of NR PRS can be considered as a starting point for SL-PRS muting configuration design.  
3 SL positioning resource allocation
3.1 SL-PRS resource pool
With regards to the dedicated resource pool, there are three options for the problem of which channels can be included in the resource pool in addition to SL-PRS. The following agreement is reached. 
	Agreement
For a dedicated resource pool for SL positioning,
· 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
· Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
· 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)
Note: Companies are encouraged to provide their analysis and views on the above


Since the SL-PRS resource could be flexibly configured, similar to the PDCCH, path of symbols within a slot can be allocated to PSCCH which carry the control information of the SL-PRS.
Proposal 6: support option 2 that PSCCH which carries SCI associated with SL-PRS can be included in the resource pool. The multiplexing manner between them is expected to be TDM.

Furthermore, in terms of SCI that signaling the SL-PRS transmission, it has been agreed that SCI can be used for scheduling one or more SL-PRS resources.
	Agreement
With regards to SL signaling of the reservation/indication of SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning:
· Option A.1: SCI can be used for reserving/indicating one or more SL-PRS resource(s)
· Note: This does NOT mean that only SCI is being used. There can still be higher layer signaling for the purpose of indicating a part of SL-PRS configuration.
· FFS: Whether SCI is single stage SCI or two stage SCI
FFS: SL-MAC-CE or other higher-layer signaling reservation/indication


Proposal 7: the high layer signaling of resource from LMF should be considered especially for eliminate resource conflict.
Proposal 8: we prefer a single stage SCI for SL-PRS reservation/indication.

In terms of the bandwidth of the SL-PRS, there remains two alternatives in last meeting as follows
	Agreement
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, downselect from the following alternatives: 
· Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool 
· Note: Companies are encouraged to provide their analysis and views on the above alternatives
FFS: Bandwidth of SL-PRS transmission for shared resource pool (if supported)


Since we did no find strong motivation for the bandwidth of SL-PRS set to be smaller than that of the resource pool, based on the Occam's Razor principle, we prefer alt. 2.

Proposal 9: we prefer alt. 2 unless there is a strong motivation for the bandwidth of SL-PRS set to be smaller than that of the resource pool.
3.2 SL positioning resource allocation modes
The agreement on SL positioning resource allocation modes was made in previous meeting as follows
	Agreement
Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. Consider one or more of the following options:
· Opt. 1: through higher layers from the LMF
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
· Up to further discussion which one or more of these shall be applicable



We share the point that the SL-PRS resource configuration is mainly up to the gNB. Therefore option 2 is more reasonable to us. We note that it has been reminded by companies that there may exists resource conflict since different UEs’ SL-PRS resource may be scheduled by different gNBs. A careful design is required to tackle to conflict problem. A straightforward way it to support LMF to resolve it. So despite option 2 seems more attractable, the signaling of higher layers from the LMF may be indispensable in order to coordinate resource conflict. Note that the Uu based PRS has the design of muting pattern, which may be introduced to SL-PRS design and be used to resolve SL-PRS resource overlapping. Moreover, the muting mechanism is benefit to increase the flexibility of SL-PRS configuration, where the existed two muting patterns can be considered as a starting point for SL-PRS muting configuration design. 

Proposal 10: study the SL-PRS resource conflict processing of different UEs relies on LMF.
Proposal 11: the muting mechanism of Uu DL-PRS can be introduced for SL-PRS design to mitigate interference of resource conflict. 
4 Positioning measurement report
With regards to the SL positioning measurement report, the agreement of #110b-meeting is as follows
	Agreement
With regards to the Positioning methods supported using SL-PRS measurements 
· at least the following measurements are considered:
· SL Rx-Tx measurement
· SL RSTD measurement
· SL RSRP measurement
· SL RSRPP measurement 
· SL RTOA measurement
· SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
· Companies are encouraged to study other measurements (e.g., time difference of arrival of 2 SL-PRS transmitted at 2 different times from the same anchor) and provide their analysis into why they are needed in light of the above measurements. 
· Companies are encouraged to study potential enhancements, such as SL Rx-Tx measurement not being reported but the transmit time of SL-PRS being adjusted based on the measurement
· FFS any additional measurements


In terms of the report mode, both triggered and periodic reporting can be considered to fulfill various requirements. Generally, the report mode of which can be triggered since localization information is not a constant requirement. When the location information of a UE is required and expected to be updated frequently, the measurement can be reported periodic or aperiodic. This behavior helps to save the signaling overhead.

Proposal 12: Consider the report mode of the SL positioning measurement report to be triggered and periodic.
5 Conclusion
In this contribution, we discuss some critical issues for Sidelink positioning especially SL-PRS resource related problems. Accordingly, the following proposals were made:
Observation 1: the expectation of TOF estimation for single-sided RTT is even closer to the ground-truth than the double-sided RTT if we treat the clock drift of UE-a and UE-b as random variables with independent identically distributions.
Proposal 1: it is unnecessary to use double-sided RTT solution, we prefer the alt. 1, i.e., adopt single-sided RTT method for SL positioning.
Proposal 2: consider the comb size N>12 for SL-PRS to support more UEs’ RS multiplexing.
Proposal 3: refer to the existed PRS pattern in TS 38.211 Table 7.4.1.7.3-1 when determine the sets of values of M and RE offset. Specifically, take  as potential candidate values, and determine together with N the value of RE offset.
Proposal 4: support the time domain repetition of SL-PRS within a PRS resource set.
Proposal 5: support the muting pattern of SL-PRS in order to increase the flexibility. The existed two muting patterns of NR PRS can be considered as a starting point for SL-PRS muting configuration design.
Proposal 6: support option 2 that PSCCH which carries SCI associated with SL-PRS can be included in the resource pool. The multiplexing manner between them is expected to be TDM.
Proposal 7: the high layer signaling of resource from LMF should be considered especially for eliminate resource conflict.
Proposal 8: we prefer a single stage SCI for SL-PRS reservation/indication.
Proposal 9: we prefer alt. 2 unless there is a strong motivation for the bandwidth of SL-PRS set to be smaller than that of the resource pool.
Proposal 10: study the SL-PRS resource conflict processing of different UEs relies on LMF.
Proposal 11: the muting mechanism of Uu DL-PRS can be introduced for SL-PRS design to mitigate interference of resource conflict. 
Proposal 12: Consider the report mode of the SL positioning measurement report to be triggered and periodic.
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