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Introduction
RAN plenary meeting 98-e approved a new work item to address NR positioning including sidelink positioning related objectives [1]. This contribution discusses some open questions and tries to address some subjects for further studies from RAN1 meetings. The focus is on automotive applications and resource allocation for Side Link (SL) Positioning Reference Signal (PRS). 
	· 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.



Discussion on Resource Allocation for SL Positioning Reference Signal
Dedicated Resource Pools
This clause discusses (pre-)configurations for dedicated resource pools based on the agreement below from RAN1#112 meeting and findings from the study phase of the work item as captured in TR 38.859 [2].
	Agreement
For a dedicated resource pool for positioning:
· The set of slots that belong to a resource pool is determined in the same way as for legacy SL communication pool (i.e. see section 8 of 38.214).
· FFS: additional slots that can be used for SL PRS is not precluded
· Study what the dedicated resource pools for positioning (pre-)configuration should include, and consider at least the following: The start PRB position, the number of contiguous PRBs, SL-PRS configuration, synchronization configuration, resource allocation scheme 2 related configuration, power control configuration, sub-channel size and sub-channel count, time-domain bitmap, reporting configuration




TR 38.859 concluded that SL positioning may require different bandwidths for SL PRS depending on the use case and scenario. The studied scenarios included commercial, public safety, and IIOT use cases but also vehicle-to-everything (V2X) deployments where the SL UEs reside in vehicles. The following was captured in the TR based on agreements in [3]:
	Agreement
Capture the following as part of the Conclusions section of TR 38.859:
· Evaluation results reported as part of the study indicate that, depending on sources, use-cases, scenarios, assumptions, and positioning methods used, the identified target requirements can be satisfied with different values of SL-PRS bandwidth choices. 
· For FR1 spectrum:
· For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements can be satisfied with SL-PRS bandwidths of 20 MHz or 40 MHz.
· For certain sources and other combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements require SL-PRS bandwidth of 100 MHz or may not be satisfied even with SL-PRS bandwidth of 100 MHz. 
· For FR2 spectrum, based on submitted results from up to two sources:
· For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements can be satisfied with SL-PRS bandwidth of 200 MHz.
· For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some of the target requirements may not be satisfied even with SL-PRS bandwidth of 400 MHz.
· From RAN1’s perspective, it is recommended that SL-PRS bandwidths of up to 100 MHz are supported by the specifications in FR1 spectrum.
Note: The above recommendations are based on the evaluations in licensed and ITS spectra.
· 



This contribution summarizes and discusses some of the findings in Table 1 below with focus on absolute positioning with horizontal/vertical requirements.
Table 1. Summary of sidelink bandwidth and horizontal/vertical accuracy requirements for different use cases.
	Use case
	Absolute accuracy requirement
	Bandwidth requirement
	Notes

	
	
	Joint Uu/SL
	SL-only
	

	V2X
	Highway
	Horizontal
	Set A 1.5m@90%
	20 MHz
	40 MHz
	

	
	
	
	Set B 0.5m@90%
	100 MHz
	100 MHz
	

	
	
	Vertical
	Set A 3m@90%
	100 MHz
	-
	Joint only

	
	
	
	Set B 2m@90%
	100 MHz
	-
	Joint only

	
	Urban
	Horizontal
	Set A 1.5m@90%
	100 MHz
	-
	Joint only

	
	
	
	Set B 0.5@90%
	100 MHz
	-
	Joint only

	Public safety
	Horizontal
	1m@90%
	N/A
	100 MHz
	

	Commercial
	Horizontal
	1m@90%
	N/A
	40 - 100 MHz
	

	IIOT InF-SH
	Horizontal
	Set A 1m@90%
	20 MHz
	40 MHz
	

	
	
	Set B 0.2@90%
	40 MHz
	100 MHz
	

	
	Vertical
	Set A 1m@90%
	-
	-
	Infeasible

	
	
	Set B 0.2@90%
	-
	-
	Infeasible

	IIOT InF-DH
	Horizontal
	Set A 1m@90%
	20 MHz
	40 - 100 MHz
	

	
	
	Set B 0.2@90%
	100 MHz
	-
	

	
	Vertical
	Set A 1m@90%
	-
	-
	Infeasible

	
	
	Set B 0.2@90%
	-
	-
	Infeasible



The table indicates that the bandwidth requirements, e.g., for public safety use case can be defined with a clear 100 MHz design criterion but, e.g., for V2X scenarios there is a choice between environment types where bandwidth requirements can vary between 20 MHz and 100 MHz depending on the environment type and required positioning accuracy. For example, the highway environment generally required less bandwidth than urban environment which implies the following:
· V2X Set A horizontal accuracy with joint Uu/SL positioning requires either 20 MHz or 100 MHz depending on the environment.
· V2X Set A and Set B requirements for SL-only positioning can be fulfilled on “Highway” with 40 and 100 MHz respectively but not at all for “Urban” environment.
It is therefore not obvious how to carry out bandwidth selection choices in real SL deployments and how the UE knows how much bandwidth is needed for SL PRS transmission while fulfilling different accuracy requirements. Likewise, it is still an open question how the UE knows what kind of SL positioning scheme, i.e., joint Uu/SL or SL-only, can be used for a given bandwidth.
[bookmark: _Toc131435273]One straightforward solution is to always use 100 MHz and require joint Uu/SL positioning in all use cases and scenarios but there are many technical and practical challenges with such a solution. For example, Uu connection is not always possible or desirable, and, on the other hand, whenever Uu connection is available, e.g., 20 MHz bandwidth is sufficient to fulfil Set A requirements which means that permanent 100 MHz allocation is unjustified in that case. It can be argued that it is preferable to allocate bandwidth such that the requirements are fulfilled for the sake of resource efficiency. Hence, it is proposed to specify a solution to assist the UE in the selection of bandwidth.
[bookmark: _Toc131435251][bookmark: _Toc131765077]Proposal 1: Specify a solution to assist the UE in the selection of SL PRS bandwidth.
A possible solution is that the UE is provided with a data set that is composed of bandwidth allocations with information about where and how the allocation can be used, e.g., environment type information, accuracy requirements, horizontal and vertical information whether joint-Uu/SL or SL-only positioning should be used. For example, the UE could be provided with information that 20 MHz with joint Uu/SL positioning is sufficient to fulfill Set A 1.5m horizontal accuracy requirement in highway environments and 40 MHz is needed with SL-only positioning to fulfill the same requirement in the same environment.
[bookmark: _Toc131765078]Proposal 2: Provide the UE with a set of bandwidth allocations with information about where and how the allocation can be used, e.g., environment type information, accuracy requirements, horizontal and vertical information whether joint-Uu/SL or SL-only positioning should be used.
There are many possible solutions to provide such information depending on how the resources are defined and that is still an open question. The information can be contained as a set of separate configurations per resource pools, e.g., if multiple resource pools are used, or it can be contained as one single information element such as a list construct. This could be provided as a Radio Resource Control (RRC) configuration or pre-configuration. Combining RRC configurations and pre-configuration is the usual way of handling configurations for SL.
In fact, in Rel-16/17 NR SL communication, different parameter ranges for MCS, the number of sub-channels for PSSCH transmissions, the maximum number of retransmissions, the maximum Tx power, etc., can be (pre-)configured, depending on whether the UE’s absolute speed is above a (pre-)configured threshold sl-ThresUE-Speed or not (cf. sl-ParametersAboveThres and sl-ParametersBelowThres in TS 38.331), and/or depending on the CBR measurement (cf. SL-CBR-PriorityTxConfigList in TS 38.331). Similar approach can be applied to SL-PRS bandwidth (pre-)configurations.
[bookmark: _Toc131765079]Proposal 3: The information in Proposal 2 is provided as (pre-)configurations.
The proposal raises a question how the UE can infer the environment type which is relevant for the V2X use case. The environment type could be inferred from the vehicle speed which should be possible to acquire either from the vehicle or from already specified solutions e.g., by monitoring cell selection and re-selection rates. It means that high speed implies highway environment type and otherwise the environment type is considered as urban environment. Another possibility is to infer the environment type from different radio measurements such as variations/slope of RSRP measurements or LOS/NLOS indications, to name a few examples. It is plausible to assume that highway environments have normally smaller number of large objects causing reflections and therefore the absence or small number of NLOS indications is an indicator of highway environment type. Similarly, the presence of frequent NLOS indications can be seen as an indicator of urban environment.
A standardized solution could make use of (pre-)configurable parameters to ensure consistent UE behaviour. For example, the UE speed could be compared against a threshold that is provided as a (pre-)configuration parameter, similar to Rel-16/17 NR SL communication. If the obtained speed value exceeds the provided threshold parameter value, the UE interprets it as an indication of highway environment type. Otherwise, the environment type is interpreted as urban type. Similarly, the UE could estimate the rate at which NLOS indications arrive or inter-arrival time of NLOS indications and compare the estimate against a threshold value that is provided as a (pre-)configuration parameter. For example, if the estimated NLOS arrival rate exceeds the provided threshold parameter value, the UE interprets it as an indication of urban environment type and, otherwise, the environment type is interpreted as highway type.
In V2X deployments, the information to infer the environment type needs to be composed of also other measures than the vehicle speed because the UE speed is not an accurate standalone measure even though it can be a useful ingredient. For example, it is possible to drive slowly or even stop on a highway due traffic jams or unexpected events such as accidents. Likewise, it is sometimes necessary to drive fast on an urban environment in case of emergency which happens with, e.g., ambulances and police cars. It can therefore be argued that radio measurements are an integral part of the decision. It is therefore proposed that the environment type is inferred by combining the UE speed, RSRP variations, and LOS/NLOS indications.
[bookmark: _Toc131765080]Proposal 4: The environment type is inferred by combining the UE speed, RSRP variations, and LOS/NLOS variations.
The environment type information can be used in the above-described information for mapping the environment type to a bandwidth allocation, and positioning scheme given that the physical layer knows the accuracy requirements which can be either left up to the UE implementation or provided to the UE. For example, for a given accuracy requirement, the UE evaluates the provided information, i.e., obtained environment type and bandwidth. Upon finding a (pre-)configuration where accuracy requirements can be fulfilled and the environment type matches its environment type, the UE applies the bandwidth selection and positioning scheme, i.e., joint Uu/SL or SL-only, on that (pre-)configuration.
Co-Existence of Sensing-Based and Random Selection
RAN1#112 discussed co-existence of sensing-based and random selection within the same resource pool. The discussion ended up with the following working assumption to allow both solutions in the same resource pool.
	Agreement
Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 
· Working assumption: Sensing-based and random selection can be allowed in the same resource pool 
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool
· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.



TR 37.985 [4] describes solutions for both LTE and NR where P-UE and VRUs are allowed to select resources randomly without performing sensing procedures or by performing partial sensing. It is unclear why these already specified solutions and use cases cannot be applied to NR Rel-18 and therefore it is proposed to confirm the working assumption as an agreement. 
[bookmark: _Toc131784237]Observation 1: Studies of co-existence of random and sensing-based resource allocation in the same resource pool is supported in earlier Releases.
[bookmark: _Toc131765081]Proposal 5: Confirm the working assumption and allow co-existence of random selection and sensing-based resource selection.
Resource Selection for SL PRS Resource Set
RAN1#112 also discussed SL-PRS time domain behavior with the below outlined agreement as an outcome. This section addresses issues related to additional details for periodic and semi-persistent SL PRS transmission.
	Agreement
With regards to the SL-PRS time domain behavior, at least study the following behaviors from Tx UE perspective:
· Periodic SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity 
· FFS: any additional details, including whether or not higher layers can start/stop transmission.
· Semi-persistent SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity after activation and until deactivation
· FFS: any additional details
· Aperiodic SL-PRS 
· SL-PRS is transmitted at least once after [triggering/request] 
· Note: the brackets in the above means that companies are encouraged to study further whether “triggering” and/or “request” should be used and provide their definitions. 
· FFS: any additional details
· FFS: Applicability of the above time behaviors for scheme 1 & scheme 2
· FFS: Rx UE behavior is separately discussed.
FFS: What mechanism(s) are used for activation/deactivation/triggering is part of the study



At RAN1#112 meeting, the issue of In-Band Emission (IBE) interference was mentioned by a number of companies (see [2] and the FL summary [3]).
As a consequence, RAN1#112 agreed on the following with regards to IBE interference:
	RAN1 #112 Agreement
· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M,N) value is possible . 
· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values.
· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs.



3GPP RAN1 #112 agreed to support comb-based multiplexing of SL PRS from different UEs in a slot at least for dedicated resource pools. Figure 1 shows an example of four different SL-PRS resource sets in a slot:
[image: ] 
Figure 1. Example of four SL-PRS resource sets in a slot.
One issue here is a near-far problem due to IBE interference among UEs transmitting SL-PRS in the same slot as shown in Figure 2. In Figure 2, Tx UE 1 and Tx UE 2 use adjacent REs for SL-PRS transmissions, where Tx UE 1 is far from Rx UE, while Tx UE 2 is close to Rx UE. In this case, the leakage of Tx UE 2’s signal (i.e. IBE) causes a near-far problem, which interferes with Tx UE 1’s signal at Rx UE and degrades the positioning accuracy of sidelink positioning. We refer the IBE interference within a slot as “short-term” IBE interference.
[image: ]
Figure 2. Example of near-far problem due to in-band emission interference among UEs transmitting SL-PRS in the same slot.
In addition, if multiple Tx UEs transmit SL-PRS in periodic/semi-persistent scheduling (SPS) manner based on comb-based multiplexing of SL-PRS in the same slots, it causes a “(semi-)persistent” near-far problem, in which the near-far problem occurs in consecutive SL-PRS transmissions. This issue occurs when the relative distances among Tx UEs and Rx UE are kept almost the same over consecutive SL-PRS transmissions, and each Tx UE uses the same SL-PRS resource set that are subject to IBE interference every periodic SL-PRS transmission. This would degrade the positioning accuracy for a longer period. We refer this issue as “persistent” IBE interference.
[bookmark: _Toc131784238]Observation 2: Comb-based multiplexing of SL-PRS from different UEs create a near-far problem due to IBE interference among UEs transmitting SL-PRS in the same slot.
[bookmark: _Toc131784239]Observation 3: Comb-based multiplexing of SL-PRS from different UEs in SPS or periodic scheduling create persistent IBE interference issues.
 
[bookmark: _Toc131765082]Proposal 6: RAN1 to design the comb-based SL-PRS multiplexing solution so that it mitigates the associated short-term IBE interference within the slot.
[bookmark: _Toc131765083]Proposal 7: RAN1 to design the comb-based SL-PRS multiplexing solution for periodic/semi-persistent SL-PRS transmissions so that it mitigates the associated persistent IBE interference in multiple consecutive SL PRS transmissions.
One solution to mitigate the short-term IBE interference is that the Tx UE applies a frequency RE separation for the SL-PRS resource sets, as shown in Figure 3. This frequency RE separation can be provided by (pre-)configuration. The more frequency RE separation, the less IBE interference, but the smaller number of multiplexing UEs possible.
[image: ]
Figure 3. Examples of SL-PRS resource sets with different RE separation values between two adjacent active SL-PRS resource sets.
One solution to mitigate the persistent IBE interference would be that the Tx UE changes SL-PRS resource set every SL-PRS transmission in SPS or periodic scheduling, where a frequency RE separation is applied to SL-PRS resource sets. 
Collision of SL-PRS resource sets among different Tx UEs can be avoided based on resource reservation and resource (re-)selection with the granularity of the SL-PRS resource set and slot.
[bookmark: _Toc131765084]Proposal 8: To mitigate the short-term and persistent IBE interference issues, the Tx UE applies a frequency RE separation for the SL-PRS resource sets. This frequency RE separation can be provided by (pre-)configuration.
[bookmark: _Toc131765085]Proposal 9: To mitigate the persistent IBE interference issue, the Tx UE changes SL-PRS resource set every SL-PRS transmission in SPS or periodic scheduling, where a frequency RE separation is applied to SL-PRS resource sets. Collision of SL-PRS resource sets among different Tx UEs can be avoided based on resource reservation and resource (re-)selection with the granularity of the SL-PRS resource set and slot. 
Conclusion
The observations and proposals of this contribution are summarized as follows:
Observation 1: Studies of co-existence of random and sensing-based resource allocation in the same resource pool is supported in earlier Releases.
Observation 2: Comb-based multiplexing of SL-PRS from different UEs create a near-far problem due to IBE interference among UEs transmitting SL-PRS in the same slot.
Observation 3: Comb-based multiplexing of SL-PRS from different UEs in SPS or periodic scheduling create persistent IBE interference issues.

Proposal 1: Specify a solution to assist the UE in the selection of SL PRS bandwidth.
Proposal 2: Provide the UE with a set of bandwidth allocations with information about where and how the allocation can be used, e.g., environment type information, accuracy requirements, horizontal and vertical information whether joint-Uu/SL or SL-only positioning should be used.
Proposal 3: The information in Proposal 2 is provided as (pre-)configurations.
Proposal 4: The environment type is inferred by combining the UE speed, RSRP variations, and LOS/NLOS variations.
Proposal 5: Confirm the working assumption and allow co-existence of random selection and sensing-based resource selection.
Proposal 6: RAN1 to design the comb-based SL-PRS multiplexing solution so that it mitigates the associated short-term IBE interference within the slot.
Proposal 7: RAN1 to design the comb-based SL-PRS multiplexing solution for periodic/semi-persistent SL-PRS transmissions so that it mitigates the associated persistent IBE interference in multiple consecutive SL PRS transmissions.
Proposal 8: To mitigate the short-term and persistent IBE interference issues, the Tx UE applies a frequency RE separation for the SL-PRS resource sets. This frequency RE separation can be provided by (pre-)configuration.
Proposal 9: To mitigate the persistent IBE interference issue, the Tx UE changes SL-PRS resource set every SL-PRS transmission in SPS or periodic scheduling, where a frequency RE separation is applied to SL-PRS resource sets. Collision of SL-PRS resource sets among different Tx UEs can be avoided based on resource reservation and resource (re-)selection with the granularity of the SL-PRS resource set and slot.
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