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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]


In this contribution, we discuss related issues to enable sidelink positioning, mainly including reference signal and resource allocation.
2 Sidelink positioning reference signals design
2.1 SL-PRS design
In last meeting, companies discussed the reference signal for SL positioning, and agreed to define a new reference for SL positioning/ranging rather than the existed SL signals. Furthermore, the candidate sequence has been narrowed down to either pseudorandom-based or ZC-based
	Agreement
For the sequence of the new reference signal for SL positioning/ranging, down select between Alt 1 and Alt 2:
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.
· Alt. 2: ZC-based (SRS sequence as a starting point)


In principle we are ok for either of the options since both sequences has been applied for NR positioning and has been proved to work well for positioning, hence there is no technical problems. However, a preference for ZC-based reference signal must be explicitly stated. ZC sequence has good self-correlation and cross-correlation properties and is invariant to Fourier transform, which is benefit especially for distance estimation. Other properties such as low PAPR and constant amplitude are friendly to RF processing. 
Proposal 1: support either pseudorandom-based or ZC-based sequence for SL positioning reference signal generation. but prefer ZC-based RS considering its properties for potential location performance improvement.
2.2 SL-PRS frequency domain pattern 
With regards to the frequency domain pattern, companies agreed that SL-PRS need a comb-based pattern, but leave the value of comb size and the symbol number to be specified. 
	Agreement
With regards to the frequency domain pattern, a Comb-N SL-PRS occupying M symbol(s) design should be introduced for the support of NR SL positioning
· Note: there could be multiple values for M, N


In addition, the majority of companies prefer the partially and fully staggered SL-PRS and tend to preclude the unstaggered pattern.  
On the Comb size and the number of SL-PRS symbols, if no other considerations, a combination of M and N as well as RE offset of the existed PRS design in TS 38.211 Table 7.4.1.7.3-1 can be consulted
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Where  is N with the value of {2,4,6,12}, the symbol number M within a slot can be valued in set {1,2,…,12}, The RE offset is determined by M and N.
Proposal 2: 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 N as well as RE offset. Specifically, , , and determine together the value of RE offset. 
2.3 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 3: support the time domain repetition of SL-PRS within a PRS resource set.
Proposal 4: support the introduction of muting pattern to 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.
2.4 SL-PRS configuration
For the problem of SL-PRS configuration/activation/deactivation/triggering, the following agreement was achieved in the RAN1_#109-e meeting.
	Agreement
With regards to the configuration/activation/deactivation/triggering of SL-PRS, study the following options:
· Option 1: High-layer-only signaling involvement in the SL-PRS configuration
· No Lower layer involvement, e.g., SL-MAC-CE or SCI or DCI, for the activation or the triggering of a SL-PRS. 
· Based on the study, this option may correspond to
· A SL-PRS configuration that is a single-shot or multiple shots 
· A high-layer configuration that may be received from an LMF, a gNB, or a UE
· Option 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· For example, high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for initiating SL positioning and/or configuration/triggering/activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS.
· Option 3: Only lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
Note 1: Include aspects in the study related to flexibility, overhead, latency, and reliability as/if needed.


Option 2 is the most flexible method for SL-PRS configuration by incorporating high and low-layer signaling. Similarly, parameters for each SL-PRS resource, SL-PRS set and the dedicated SL-PRS resource (if these concepts are reused) can be configured by different high layer parameters through RRC or PC5-RRC signaling, while the time and frequency resource can be indicated by SCI/DCI. The lower layer signaling can also be used for triggering/activating transmission of SL-PRS.
Proposal 5: Support option2 for SL-PRS configuration/activation/deactivation/triggering. The indication mechanism can refer to DL-PRS.  
3 SL positioning resource allocation
3.1 SL-PRS resource pool
There are two options for the problem of SL positioning resource allocation: a dedicated resource pool or the shared resource pool with SL communication. 
	Agreement
With regards to the SL Positioning resource allocation, study further the following 2 options for SL Positioning resource (pre-)configuration:
· Option 1: Dedicated resource pool for SL-PRS 
· Include in the study at least the following aspects:
· which slots can be used, SL frame structure, SL positioning slot structure, multiplexing of SL-PRS with control information (if included in the same slot)
· positioning measurement report
· whether a dedicated frequency allocation (e.g., layer/BWP) is needed for SL PRS
· resource allocation procedure(s) of SL-PRS
· This option may or may not include control information (i.e., configuration/activation/deactivation/triggering of SL-PRS) for the purpose of SL positioning operation
· Option 2: Shared resource pool with sidelink communication.
· Include in the study at least the following aspects:
· co-existence between SL communication and SL positioning, backward compatibility
· Multiplexing considerations of SL-PRS with other PHY channels (PSCCH, PSSCH, PSFCH) and any modifications in the SL-slot structure


Note that the location parameters estimation performance such as ranging resolution is highly dependent on the bandwidth, it is preferred to allocate a large bandwidth for PRS transmission in order to improve the accuracy. For option2, it seems unlikely to acquire a slot with all sub-channels available for positioning in a shared resource pool. Besides, the limited resource may be inadequate to provide the positioning services for a group of UEs. A dedicated resource pool for SL positioning helps to solve these problems, and is more flexible. Moreover, it could be more concise for the design of resource allocation scheme because there is no cumbersome multiplexing situations. In addition, it is expected to suffers less interference comes from other channel transmission, which is beneficial for positioning. 
Besides, for the frequency allocation of the dedicated resource pool for SL-PRS, which is expected to be associated with the BWP of a carrier that is the same as that of the SL communication resource pool. In other words, there should not be more than one BWP on a carrier. In addition, for the multiplexing of the SL-PRS and a SL communication resource pool, it is preferred to support TDM manner. 
Proposal 6: With regards to the SL positioning resource allocation, we prefer a dedicated resource pool for SL-PRS for the consideration of the performance of localization.
Proposal 7: The dedicated resource pool for SL-PRS should be associated to the BWP that is identical to the SL communication resource pool. The multiplexing manner between them is preferred to be TDM.
3.2 SL positioning resource allocation modes
The agreement on SL positioning resource allocation modes was made in previous meeting as follows
	Agreement
With regards to the SL-PRS resource allocation, study the following two schemes:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS
· Applicable regardless of the network coverage 
· FFS: potential mechanisms, if needed, for SL-PRS resource coordination across a number of transmitting UEs (e.g. IUC-like solutions). 
· Note: Other Schemes are not precluded to be studied
· FFS how to handle resource allocation of SL-Positioning measurement report



For scheme 1, the DCI indication should be supported for resource information transmission. Notice that DCI format 3_0 is defined for SL scheduling. A natural choice is to define extra fields in DCI 3_0 to load the necessarily information. Yet is related to the amount of fields that should to be reserved for SL-PRS resource allocation. It is recommended to reuse DCI format 3_0 if the reserved number of fields is relatively small. Otherwise, it could be better to define a new DCI format exclusively for SL-PRS. Parameters in each SL-PRS configuration may include SL-PRS priority, SL-PRS periodicity and offset, SL-PRS comb size, number of symbols, etc. 
Proposal 8: Considering the amount of fields that should to be reserved for SL-PRS resource allocation, it is recommended to reuse DCI format 3_0 if the reserved fields is relatively small. Otherwise, it could be better to define a new DCI format exclusively for SL-PRS. 
4 Positioning signaling discussion
With regards to the sidelink positioning measurement report, the agreement of #110-meeting is as follows
	Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
· FFS any detail for the above


The content can refers to the transferred messages defined in TS 38.305, which specifies the information to be transferred between LMF and UE/gNB for various positioning solutions. The contents of every solution can be immigrated to SL positioning with some changes to the transferred entities.
As for the report mode, we prefer the time domain behavior of which to be semi-persistent and triggered since localization information is not a constant requirement. When the information is requested by UE/LMF/etc, the measurement can be reported periodic or aperiodic. This behavior helps to save the signaling overhead and is capable of adapting to numerous positioning requirements.
Proposal 9: We prefer the time domain behavior of the Sidelink positioning measurement report to be semi-persistent and triggered. the contents of the measurement report can refer to the messages transferred in existed solutions with some changes on the transferred entities. 
5 Conclusion
In this contribution, we discuss some potential solutions for Sidelink positioning especially for the design of SL-PRS. Accordingly, the following proposals were made:
Proposal 1: support either pseudorandom-based or ZC-based sequence for SL positioning reference signal generation. but prefer ZC-based RS considering its properties for potential location performance improvement.
Proposal 2: 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 N as well as RE offset. Specifically, N∈{2,4,6,12}, M∈{1,2,…,12}, and determine together the value of RE offset.
Proposal 3: support the time domain repetition of SL-PRS within a PRS resource set.
Proposal 4: support the introduction of muting pattern to 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 5: Support option2 for SL-PRS configuration/activation/deactivation/triggering. The indication mechanism can refer to DL-PRS.
Proposal 6: With regards to the SL positioning resource allocation, we prefer a dedicated resource pool for SL-PRS for the consideration of the performance of localization.
Proposal 7: The dedicated resource pool for SL-PRS should be associated to the BWP that is identical to the SL communication resource pool. The multiplexing manner between them is preferred to be TDM.
Proposal 8: Considering the amount of fields that should to be reserved for SL-PRS resource allocation, it is recommended to reuse DCI format 3_0 if the reserved fields is relatively small. Otherwise, it could be better to define a new DCI format exclusively for SL-PRS.
Proposal 9: We prefer the time domain behavior of the Sidelink positioning measurement report to be semi-persistent and triggered. the contents of the measurement report can refer to the messages transferred in existed solutions with some changes on the transferred entities.
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