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Introduction
A work item has been agreed for positioning in RAN #98-e with the following objective for sidelink positioning [1]:
	· 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].



In this contribution, we discuss the design of reference signals for sidelink positioning. This includes sequence details, mapping to physical resources, and power control.
Shared Resource Pool Structure
RAN1 agreed to support SL-PRS transmissions in a resource pool that is shared with sidelink communications or in a dedicated resource pool that is not shared with sidelink communications [2]:
	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
Agreement
With regards to the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging:
· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS
· Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed

Agreement
With regards to the SL Positioning resource allocation, support
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS.
· Note: this does not imply that the design is the same for both types of resources pools
· Note: shared resources pool(s) should be supported with backward compatibility
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Maintaining backward compatibility is a primary requirement for the shared resource pool and to ensure it, legacy devices should be able to decode SCI-1 and avoid any reservations it indicates. To achieve this, the existing SCI-1A format should be used. As a result, any positioning related L1 signaling would be in a new SCI-2 format, requiring a shared channel with PSSCH DMRS.
[bookmark: _Toc127524905][bookmark: _Toc131757360]Proposal 1: In the shared resource pool, existing SCI-1A format is used. A new SCI-2 format can be used for positioning-related L1 signaling.
In the shared resource pool, other transmissions could be FDMed, in different sub-channels, with transmissions carrying SL-PRS. Hence, it is important keep transmission power constant across all symbols to avoid AGC issues in the FDMed transmissions as discussed in our companion contribution Error! Reference source not found.. SL-SCH would be mapped on PSSCH symbols to avoid leaving empty REs on symbols with PSSCH DMRS and SCI-2. Consequently, we propose to reuse the same slot structure as sidelink communications as shown in Figure 1, following SL CSI-RS as an example. Whether SL-SCH is also mapped on symbols with SL-PRS can be further discussed.
[bookmark: _Toc127524906][bookmark: _Toc131757361]Proposal 2: In the shared resource, the existing slot structure is reused for transmission with SL-PRS, including the AGC symbol, PSCCH, PSSCH, and the gap symbol.
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[bookmark: _Ref127458858]Figure 1 Slot structure in a shared resource pool.
Both comb-based and TDM-based multiplexing of SL-PRS transmissions are supported in the dedicated resource pool. Support for these two multiplexing methods in a shared resource pool, where the only existing sidelink multiplexing is FDM, is FFS:
	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

Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.
· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any
· FFS: which resource allocation schemes are applicable
· FFS: whether or not this is a separate UE capability



AGC issues could arise if different UEs transmit on different comb offsets only in the SL-PRS symbols. The power received on the SL-PRS symbols would be different from that on other symbols causing AGC issues to both the UE receiving the SL-PRS and to FDMed sidelink communication transmissions. Since PSSCH occupies the allocated bandwidth and does not use a comb structure, it is not possible to have all UEs transmit on all symbols in the allocated bandwidth to equalize power across all symbols. Therefore, it is necessary to disallow multiplexing SL-PRS transmissions on different comb offsets in the shared resource pool.
[bookmark: _Toc127524907][bookmark: _Toc131757362]Proposal 3: In a shared resource pool, different UEs are not allowed to multiplex SL-PRS on different comb offsets in the same OFDM symbol.
Similar AGC issues arise if two UEs transmit on different symbols in the same slot in a TDMed manner. Therefore, it is also necessary to disallow TDM-based multiplexing SL-PRS transmissions in the same slot.
[bookmark: _Toc131757363]Proposal 4: In a shared resource pool, TDM-based multiplexing of SL-PRS in a slot is not supported.
Multiple PSSCH DMRS patterns are defined in sidelink with different spacing between the symbols with DMRS. During the study phase, how to handle DMRS symbols potentially interrupting SL-PRS would be handled. Having discontinuous SL-PRS increases receiver complexity and the number of SL-PRS patterns that the receiver should be able to handle, and is thus undesirable. To address this issue, we propose to limit SL-PRS to contiguous symbols and to not allow SL-PRS to be mapped on symbols with PSSCH DMRS.
[bookmark: _Toc127524908][bookmark: _Toc131757364]Proposal 5: SL-PRS is mapped on contiguous symbols only and is not mapped on symbols with PSSCH DMRS, i.e. SL-PRS can only be mapped on one set of contiguous symbol either before, between, or after PSSCH DMRS.
As we discuss in later sections, retaining the existing slot structure and physical layer channel enables the reuse of sidelink communication procedures.
Sidelink PRS Sequence

	Agreement
SL PRS sequence is generated based on Gold sequence:

where c(i) is a pseudo-random sequence as defined in Clause 5.2.1 of TS 38.211.
Agreement 
For SL PRS sequence generation, consider at least the following options to define the parameter , and select one option:
· Option 1:  is a higher layer configured parameter
· Option 2:  is based on 12 bits CRC of PSCCH associated with the SL PRS transmission
· Option 3: based on a combination of higher layer configured parameter from a configured ID list and 12 bits of CRC of PSCCH associated with the SL PRS transmission
· Option 5:  is based on 12bits LSB of destination ID
· Option 6:  is based on 8 bits of source ID + 4 zero bits
· Option 7:  is based on the CRC field of the 2nd SCI associated with SL PRS transmission, if there is a 2nd SCI defined.

Agreement 
Range of the parameter  is:  



Given the distributed nature of sidelink and the requirement to function in out of coverage scenario, an  provided by higher layers, i.e. SLPP, is suitable and allows a large number of different UEs to use different sequence initialization.
[bookmark: _Toc131757365]Proposal 6:  is a higher layer configured (i.e. SLPP) parameter (Option 1)
Sidelink PRS Mapping
Four different comb sizes, 2, 4, 6, and 12, can be mapped to 2, 4, 6, or 12 symbols. Sidelink transmissions require a symbol for AGC training and a symbol duration for Rx-Tx turnaround, limiting the maximum number of sidelink symbols in a slot to 12. RAN1 agreed to use SCI to signal SL-PRS reservation. When SCI-1 is transmitted in the same pool as the rest of the sidelink transmission, as is currently supported, the number of OFDM symbols available for SL PRS is further reduced by two or three as illustrated in Figure 2. Given these limitations, 12-symbol SL-PRS cannot be supported.
[image: ]
[bookmark: _Ref127280135]Figure 2 Maximum number of symbols that can be used for SL-PRS in a dedicated resource pool.
[bookmark: _Toc131757359]Observation 1: It is not possible to support 12-symbol SL PRS due to AGC, PSCCH, and Rx-Tx turnaround symbols.
RAN1 agreed to support a subset of possible comb-sizes, number of symbols, and combinations of the two:
	Agreement 
For SL PRS in shared or dedicated resource pools, 
· at least comb sizes (N) 2, 4 are supported.
· Comb size 6 is supported at least in dedicated resource pool
· FFS: comb size 6 in shared resource pool
· Comb size 1 is supported at least in shared resource pool
· FFS: comb size 1 in dedicated resource pool
· comb sizes (N) > 12 are not supported.
· FFS: support of comb sizes (N) of 8, 12.

Agreement 
For SL PRS in shared and dedicated resource pools, 
· SL PRS patterns with full staggering are supported.
· FFS: whether (M,N)=(6,6) is supported
· SL PRS patterns with partial staggering are supported at least for the following (M,N) pairs:
· (M, 2) with M = {1} 
· (M, 4) with M = {2} 
· FFS: constraints on maximum effective comb size
· FFS: support of partial staggering for other comb sizes
· FFS: Support of SL PRS patterns with M > N at least with full staggering.



In the above agreement, comb size 6 is supported in the dedicated resource pool, but FFS in the shared pool; and comb size 1 is supported in the shared resource pool, but FFS in the dedicated resource pool. Comb-4 in the shared resource pool already provide low overhead SL-PRS leaving 75% of resources available for PSSCH. The additional resource efficiency gains from introducing comb-6 are marginal and will not have benefits in terms of multiplexing additional UEs in the same slot since that feature is not suited for the shared resource pool as discussed earlier.
To ensure backward compatibility in a shared resource, legacy SCI-1 must be used and any signaling associated with SL-PRS would be on PSSCH. To avoid causing AGC issues to FDMed transmissions and ensure coherence on the transmitter side, avoiding transients, the transmit power of the symbol with SL-PRS should be the same as that of other symbols. Equal transmit power across transmitted sidelink symbols is already assumed for sidelink communications. The comb structure for SL-PRS requires an increase in per-RE transmission power to ensure the same per-symbol transmission power as other symbols in the transmission. A large comb size in this scenario could lead to very high per-RE transmission power and very high PAPR, both of which are detrimental to the UE’s performance and cost. Hence, we propose to limit the maximum comb size used in the shared resource pool to 4 and to not support comb-6, or larger, in the shared resource pool.
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Figure 3 Slot structure in a shared resource pool.
[bookmark: _Toc131757366]Proposal 7: Comb-6 is not supported in the shared resource pool.
Another aspect with details to finalize is the number of SL-PRS symbols. If sidelink transmission takes place on 14 symbols in a slot, then that could leave 9 or 10 symbols for SL PRS when three or two symbols are used for PSCCH. 
[bookmark: _Toc131757367]Proposal 8: Support SL-PRS transmission on 2, 4, 6, 9, and 10 symbols.
In some cases, the number of available sidelink symbols is larger than the comb size. Since the length of a sidelink transmission is fixed, such scenarios are problematic. The simplest solution is to allow SL-PRS repetition, i.e. with M > N.
[bookmark: _Toc131757368]Proposal 9: Support SL PRS patterns with M > N with full staggering.
Lastly, the RE offset sequences from DL-PRS can be reused for SL-PRS.
[bookmark: _Toc131757369]Proposal 10: SL-PRS reuses existing RE offset sequences from DL-PRS.
Transmissions with SL-PRS have the same requirements as sidelink communication transmissions regarding AGC training and Rx-Tx turnaround time. Both a symbol for AGC training and a gap for Rx-Tx turnaround are needed in the shared and dedicated resource pools. How these are accommodated depends on the slot structure, which we discuss in our companion contribution [6].
[bookmark: _Toc131757370]Proposal 11: A symbol for AGC training and a gap duration are included before and after transmissions containing SL-PRS, respectively.
Sidelink PRS Signaling Aspects
RAN1 is considering two options for configuration, activation, deactivation, and triggering of SL-PRS [3][4]:
	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.

Agreement
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 3 from the previous corresponding RAN1 #109 agreement will not be considered further.
· With regards to reservation of SL-PRS, it can be considered based on the Option 1 or Option 2 from the previous corresponding RAN1 #109 agreement.



It is desirable to support different SL-PRS configurations in the same resource pool to accommodate different applications/services and UE types in the same pool. However, signaling those configuration parameters using lower-layer signaling provides the receiver with little time to parse the received configuration and determine the exact configuration from the large number of possible configurations is use for the SL-PRS. This will increase receiver complexity since it needs to adapt to the received configuration in a very short time. Using higher layer signaling, e.g. SLPP, avoids this issue by providing the SL-PRS configuration in advance of SL-PRS reception. The parameters that are could be indicated by higher layers include comb size, number of symbols used for SL-PRS, periodicity, and scrambling seed.
[bookmark: _Toc131757371]Proposal 12: Higher-layer signaling is used for SL-PRS configuration.
[bookmark: _Toc131757372]Proposal 13: Higher layers signal SL-PRS comb size, number of symbols, periodicity, frequency-domain allocation, and scrambling seed.
Power Control
Sidelink communications support open-loop power control. Two pathloss measurements can be independently enabled and used for OLPC: downlink-based pathloss and sidelink-based pathloss. When both are enabled, the UE uses the lower transmit power. The intention of DL pathloss-based OLPC is to minimize interference at the gNB; whereas SL pathloss-based OLPC is intended to reduce interference to other SL UEs. Lastly, there is no power boosting applied to the different channels.
In the shared resource pool, the same procedure as sidelink data communications can be used. In our view, SL-PRS transmission in the shared pool can follow existing procedures used for sidelink communications. Introducing changes could degrade the performance of communications taking place in the same pool. For example, power boosting SL-PRS relative to other channels would cause AGC issues at the receiver when transmissions from other UEs are multiplexed.
[bookmark: _Toc131757373]Proposal 14: In the shared resource pool, the existing OLPC procedure is used for SL-PRS power control.
The DL pathloss-based OLPC procedure can be applied with little or no changes to the dedicated resource. SL PL OLPC on the other hand requires change to measurements and this aspect needs to be further considered along with the efficacy of SL PL based OLPC in reducing interference in the SL-PRS dedicated pool, in particular since it is limited to unicast transmissions.
[bookmark: _Toc131757374]Proposal 15: DL pathloss-based OLPC from sidelink communications can be used for DL pathloss-based OLPC in the SL-PRS dedicated resource pool.
To enable, SL pathloss-based OLPC in the dedicated resource pool, a reference signal for the L3-filtered RSRP measurement needs to be chosen. This signal could be the PSCCH DMRS or the SL-PRS. Since a UE can perform RSRP measurement on PSCCH DMRS for sensing associated with resource selection, PSCCH DMRS can be used as the reference signal for L3-filtered RSRP measurement. Additional changes are needed to support SL PL-based OLPC in the dedicated resource pool and should be further discussed.
[bookmark: _Toc131757375]Proposal 16: L3-filtered RSRP measurement on PSCCH DMRS is used for SL pathloss-based OLPC for unicast SL-PRS transmissions in the dedicated resource pool. FFS additional changes to procedure.
Conclusions
Observation 1: It is not possible to support 12-symbol SL PRS due to AGC, PSCCH, and Rx-Tx turnaround symbols.

Proposal 1: In the shared resource pool, existing SCI-1A format is used. A new SCI-2 format can be used for positioning-related L1 signaling.
Proposal 2: In the shared resource, the existing slot structure is reused for transmission with SL-PRS, including the AGC symbol, PSCCH, PSSCH, and the gap symbol.
Proposal 3: In a shared resource pool, different UEs are not allowed to multiplex SL-PRS on different comb offsets in the same OFDM symbol.
Proposal 4: In a shared resource pool, TDM-based multiplexing of SL-PRS in a slot is not supported.
Proposal 5: SL-PRS is mapped on contiguous symbols only and is not mapped on symbols with PSSCH DMRS, i.e. SL-PRS can only be mapped on one set of contiguous symbol either before, between, or after PSSCH DMRS.
Proposal 6:  is a higher layer configured (i.e. SLPP) parameter (Option 1)
Proposal 7: Comb-6 is not supported in the shared resource pool.
Proposal 8: Support SL-PRS transmission on 2, 4, 6, 9, and 10 symbols.
Proposal 9: Support SL PRS patterns with M > N with full staggering.
Proposal 10: SL-PRS reuses existing RE offset sequences from DL-PRS.
Proposal 11: A symbol for AGC training and a gap duration are included before and after transmissions containing SL-PRS, respectively.
Proposal 12: Higher-layer signaling is used for SL-PRS configuration.
Proposal 13: Higher layers signal SL-PRS comb size, number of symbols, periodicity, frequency-domain allocation, and scrambling seed.
Proposal 14: In the shared resource pool, the existing OLPC procedure is used for SL-PRS power control.
Proposal 15: DL pathloss-based OLPC from sidelink communications can be used for DL pathloss-based OLPC in the SL-PRS dedicated resource pool.
Proposal 16: L3-filtered RSRP measurement on PSCCH DMRS is used for SL pathloss-based OLPC for unicast SL-PRS transmissions in the dedicated resource pool. FFS additional changes to procedure.
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