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[bookmark: _Ref125283378]Introduction 
The work item objectives related to SL positioning/ranging in RP-223549 [1] includes:
	· 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]. 
· ….





This contribution covers SL-PRS design considerations for 
· Supporting SL PRS bandwidths of 100 MHz in FR1 spectrum
· The SL-PRS design itself (sequence, RE mapping, placement in slot)
· SL-PRS resource pool requirements
· Power control and AGC issues
Support of SL-PRS bandwidth up to 100MHz
For the sidelink bandwidth allocation over the PC5 interface, TS38.101-1 defines the following maximum bandwidth for each NR band and the maximum bandwidth per carrier

	Band #
	Frequency
	Bandwidth
(total band)
	Maximum band- width per carrier

	n14
	788-798MHz
	10 MHz
	10MHz

	n38
	2570-2620MHz
	50 MHz
	40MHz

	n47
	5855-5925MHz
	70 MHz
	40MHz

	n79
	4400-5000MHz
	600MHz
	100MHz



Hence, n79 is the only band which allows carrier with 100MHz. For n38 and n47 the maximum carrier bandwidth is 40MHz. For the bandwidth of 10MHz available in n14 a limited positioning/ranging accuracy is expected. If the SL-PRS bandwidth is limited to the carrier bandwidth the only band supporting SL-PRS with bandwidth >40MHz is n79. 

Furthermore, TS 38.101-1 defines the maximum bandwidth of the SL. For n79 the allowed maximum bandwidth for the SL is 40MHz. In RAN4#106b, it was agreed to define requirements for sidelink positioning up to 40MHz CBW and all supported SCS for sidelink for FR1. While keeping for support of larger CBW for up to 100 MHz as FFS. 

Observation 1: 	Using the existing release of TS38.101-1 the maximum allowed bandwidth for SL is restricted to 40MHz. Uncertainty regarding the support for SL PRS bandwidths of up to 100 MHz in Rel-18.

SL-PRS bandwidth considerations
The latest FL proposal (2.3.2-2)
For shared resource pools, SL PRS bandwidth can be smaller than resource pool bandwidth and is same as the bandwidth indicated for PSSCH

The related Moderator conclusion from RAN1#112-bis
Based on the received feedback over RAN1 reflector regarding relationship to discussions in 9.5.1.3, it is recommended to revisit this at RAN1 #113 

Based on this we include the contributions related to AI9.5.1.3 also in this contribution. 

Rel. 16/17 allows to configure the number of OFDM symbols used per slot (see IE sl-BWP-Generic-r16 in TS38.331). This may allow to shorten the area used for the PSCCH and PSSCH. The remaining part can be used for SL-PRS and guard symbols. The principle is depicted in Figure 2. An example of a sharing a slot by 4 UEs is depicted in Figure 3. The structure can hence be similar as for the proposed dedicated resource pool with the following potential differences:
· The size (number of subchannels) of the PSSCH field is selected according to the TB size. The PSCCH and PSSCH may occupy several (adjacent) sub-channels
· The PSCCH and PSSCH is backward compatible. 
· The channel (or position in the slot) of the SCI related to the SL-PRS configuration.
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[bookmark: _Ref131608125]Figure 1: Backward compatible extension of Rel-16/17 SL slot. 


For SL-PRS the required SINR is much lower than for the PSCCH and PSSCH. According to the reference pathloss models defined by TR37.885 and the limited transmit power of a UE the feasible bandwidth for the PSCCH and PSSCH depends on the distance. Examples for a usage scenario is provided in the Annex of our companion contribution [3]. The application scenario described in shows the resulting S(I)NR for different bandwidth configurations. Accordingly, the bandwidth of the PSCCH and PSSCH may be selected inline with the expected distance to the target UE. Given the low SINR detectability requirement of the SL-PRS a higher bandwidth for the SL-PRS can be selected. The SL-PRS bandwidth may be the same as the resource pool bandwidth or configurable in steps of occupied sub-channels. 

Proposal 1:	For the shared resource pool the bandwidth of the SL-PRS shall be independent from the bandwidth selected for the PSCCH and PSSCH. 
· Option 1: The SL-PRS bandwidth is identical to the resource pool bandwidth and the PSCCH/PSSCH is selected according to the TB (transport block) size
· Option 2: The SL-PRS bandwidth configurable independent from the bandwidth selected for PSCCH/PSSCH

Using for the SL-PRS a higher bandwidth will result in a lower power spectral density (PSD) if the power assigned to the PSCCH/PSSCH part is the same as the total power of the SL-PRS. If the power of the SL-PRS is identical (or lower) than the power for the PSCCH/PSSCH part, one AGC symbol with the bandwidth of the PSCCH/PSSCH part is sufficient. 

Proposal 2:	For the shared resource pool the first OFDM symbols of a slot include the PSCCH/PSSCH (and related AGC and DMRS symbols/resource elements). This part is backward compatible to Rel. 16/17. The remaining symbols of the slot include a SL-PRS with a bandwidth identical or higher as the PSCCH/PSSCH part, but limited to the bandwidth of the resource pool.

Proposal 3: 	For the dedicated resource pool resource pool the first OFDM symbols of a slot includes a PSCCH, related AGC and DMRS only and can be shorten to [2 or 3] symbols. The remaining symbols include TDMed and/or FDMed SL-PRS
SL-PRS design 
[bookmark: _Ref125283387]Considerations on sharing of a slot by several UEs
	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

Agreements from RAN1 #112-bis

Agreement 
TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.

Agreement
At least for dedicated SL PRS resource pools, in addition to already-agreed (M, N) = (2, 2), (4, 4), fully staggered pattern with (M, N) = (6, 6) is supported. 
· FFS: Other values of (M, N).
· FFS: Applicability to shared resource pools.

Agreement
For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s).




In RAN1#112, Comb-based and TDM-based multiplexing for UEs from multiple UEs was agreed at least for dedicated resource pools. The parameters and further details are discussed and agreed during RAN1#112-bis. 
According to the agreements: 
· For the shared resource pool only Comb based multiplex is considered 
· For dedicated resource pool Comb- and TDM based multiplex may be supported
Transmission of SL-PRS sequences in the same slot reduces effects resulting from non-ideal frequency estimation or changes of position between sequential measurements in case of high UE velocity. For TDOA based methods the impact may be marginal. But for phase based methods this is more challenging. In Rel. 18 phase based method are considered for UL-SRS and DL-PRS only, but may be considered for SL also in future releases. 

Using only Comb-based and TDM-based multiplexing may limit the number of UEs which can share one slot. This limitation may be at least applicable to the shared resource pool, if Comb-based multiplexing is supported only. The number of UEs which can share a slot can be further increased, if SL-PRS for different resources use the same REs and are separated using different sequences or cyclic shifts, similar to methods supported for the PFSCH. 

Considering an application scenario with RSUs as depicted in Figure 1 multiple RSUs can be separated with different cyclic shifts. Combining the Cyclic shift and Comb UE allows multiplexing more UEs efficient efficiently. For example 12 SL-PRS can be utilized using only 4 FDMed groups (Comb 4) such that 3 RSUs are assigned per group. Using a combination of COMB multiplex and cyclic shifts all RSUs can share the same slot. 
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[bookmark: _Ref131423763]Figure 2: Example scenario using road-side units (RSU)


Proposal 4: 	Support multiplexing of SL PRS from different UEs over the same OFDM symbols in a slot with a cyclic shift configuration for the SL-PRS.

Support of non-contiguous allocation of the SL-PRS 
The FL in [2] indicated that carrier aggregation for SL is not in the scope of Rel. 18. Accordingly, we further clarify that the intention in this part is to consider non-contiguous allocation within the SL-BWP and not introducing to use carrier aggregation (multiple carriers or multiple SL-BWPs). Non-contiguous allocation can be realized for example by defining two or more resource pools at different center frequency for simultaneous transmission within a single SL-BWP.

In Rel 16/17 the resource allocation scheme for SL allows the allocation of contiguous sub-channels only. To achieve the full performance according to the available resource pool bandwidth all subchannels must be allocated to the SL-PRS. For a subchannel based sensing and allocation it may happen that parts of the subchannels are already allocated to other transmissions. In case of high traffic-load it may be difficult to find free contiguous sub-channels. 
For dedicated resource pools this issue may be solved by allowing a SL-PRS allocation with the full resource pool bandwidth only, but at least for a shared resource pool re-using existing sensing and allocation procedure the issue may become relevant. 

We performed an analysis on non-contiguous allocation of a SL-PRS. For the SL-PRS, we consider two coherently transmitted signals SL-PRS1 and SL-PRS2 in Figure 2. The signals are assumed to be generated by one UE by a modulator supporting a higher bandwidth or two synchronized modulators. We compared a contiguous allocation of the SL-PRS with a split into two parts (in the example 40 and 10MHz) and a gap of 50MHz in between. Hence, we used only 50% of the resources. Each SL-PRS part can be decoded individually or the receiver has the capability to decode both parts and supports the combining of the measurements.

 [image: ]
[bookmark: _Ref127548838]Figure 3: Split of SL-PRS in two parts

The simulation results are shown in Figure 3. The contiguous SL-PRS is taken as a reference for evaluating the performance.  CC1 (= SL-PRS part 1) and CC2 (= SL-PRS part 2) provides a performance for the individual 40 MHz and 10MHz parts respectively. CA show as selected configuration utilizing CC1 and CC2 which are separated with a 50 MHz gap. The following observations can be made from the results:
· Decoding of one part only (CC1 or CC2) will give a reduced accuracy according to the reduced bandwidth
· CA will give nearly the same performance as the contiguous allocation. The 90% percentile shows a degradation from 33cm to 37cm, while using only 50% of the resources 

[image: ]

[bookmark: _Ref127373169]Figure 4: Comparison of fragmented spectrum with contiguous allocation


Observation 2: 	Splitting the SL-PRS into two parts with a gap between the two parts (fragmented spectrum) may allow a SL-PRS allocation also, if a contiguous set of sub-channels is not available and causes only a minor degradation of the performance.

Proposal 5: 	Consider non-contiguous frequency allocation of the SL-PRS according to the sub-channel structure of the SL resource pool.
	 

Multi-port transmission

Considering also UEs with several antennas, it may be worthwhile to utilize approaches allowing the parallel transmission over several antennas.
Similar to SL-CSI RS, multi-port SL-PRS shall be supported to exploit diversity gain and provide reliability when considering realistic antenna radiation effects or antennas mounted at different positions. As an example, we consider a car with antennas in the bumper. 
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Figure 5: Example for a device with several (distributed) antennas


Proposal 6: Support multi-port transmission for SL-PRS.


OLPC for SL-PRS
	Agreement
The OLPC framework defined for PSSCH/PSCCH is considered as a starting point for OLPC for SL PRS.




AGC and power control are technologies to optimize the RF performance of the equipment or to reduce the interference.  AGC is an efficient concept for one-to-many or one-to-one (one UE uses the complete carrier bandwidth) applications. In case of many-to-one (several UEs share the SL-BWP) power control ensures that all signals arrive at similar level at the receiver. For Uu interface the downlink can be considered as one-to-many application (one gNB serves several UEs) and the uplink as many-to-one (several UEs may transmit to the gNB using different parts of the carrier bandwidth. 

Positioning applications using several UEs can be considered as “many-to-many” application, if several UEs share the same slot using schemes like COMB structure, for example. An example scenario is given in Figure 4. The figure shows the 5 UEs wherein three in receive mode (“R-UE”) and 2 in transmit mode (“T-UE”) and the related propagation paths (“hYX” where Y denotes the receiver number and X the transmitter number). We assume: 
· Two UEs (T-UE1 and T-UE2) are transmitting in the same OFDM symbol using a COMB structure
· The signal may be configured to be received by three UEs (R-UE1, R-UE2 and R-UE3)
· In parallel (multi-RTT like scenario) 
· Sequential (the transmit power of the signal is adjusted according to the target receiver)
We assume UEs without beam-forming.  
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[bookmark: _Ref131536173]Figure 6: Many-to-many scenario of positioning

Different power control options can be considered for this example:
1. Sensing of several RS and selection of the RS for PC independent from the target UE: The RS (reference signal) of the nearest UE (in the example R-UE3 for T-UE2) is selected for PC 
Due to the low pathloss of the link (h32) between R-UE3 and T-UE2 the transmit power may be low. Accordingly, the high pathloss of (h12) cause that the signal arrives at low power at R-UE1. 
2. RS of the target UE is used as reference for PC:
If T-UE2 wants to transmit to R-UE1 (h12) it may require a high transmit power due to the high pathloss of h12. Due to the low pathloss of h32 the R-UE3 may be overloaded or R-UE3 will reduce its gain of the RF chain by using the AGC symbol. Reducing the gain if the RF chain increases the effective noise figure. This results in a reduced sensitivity of the receiver. The RF gain may be adjusted by the AGC according to the strongest signal (in the example the signal from T-UE2). This reduced sensitivity may cause that the R-UE3 can’t decode the signal from T-UE1, which is received at lower level. 


[image: ]
[bookmark: _Ref131536433]Figure 7: Example for signal characteristics at receiver input

An example for the resulting signal characteristics at the receiver input is depicted in Figure 5. OFDM is designed to handle this type of scenarios. But non-ideal implementations (non-linearity, AGC effect) and Doppler effects causing ICI (inter (sub-) carrier interference) can generate additional interference reducing the effective SINR. 

Positioning reference signals can be decoded at very low SINR. Hence, a precise power control is not required. This simplifies power control procedures taking into account the “many-to-many” scenarios. Examples for possible power control strategies for “many-to-many” scenarios are: 
· Overload protection only: Instead of using a reference signal from the target UE for PC the UE detects the RS from several UEs and selects the transmit power to avoid overload of the nearest UE. 
· “Min/max” strategy: Assuming the nearest UE can reduce its RF-gain by using the AGC symbol a compromise between the reduction of the sensitivity of the nearest UE and the required TX power to reach UEs at higher distance can be found. 

Observation 3: 	For positioning application “many-to-many” scenarios requires a different power control strategy compared with one-to-many or many-to-one scenarios. 

Proposal 7: 	Support enabling multiple SL reference signals from multiple UEs, to be used for determining the minimum transmit power for the SL-PRS transmissions to the multiple UEs and the maximum transmit power avoiding overload of nearby UEs 

Conclusions 
We made the following observations in this contribution:

Observation 1: 	Using the existing release of TS38.101-1 the maximum allowed bandwidth for SL is restricted to 40MHz. Uncertainty regarding the support for SL PRS bandwidths of up to 100 MHz in Rel-18.

Observation 2: 	Splitting the SL-PRS into two parts with a gap between the two parts (fragmented spectrum) may allow a SL-PRS allocation also, if a contiguous set of sub-channels is not available and causes only a minor degradation of the performance.
	 
Observation 3: 	For positioning application “many-to-many” scenarios requires a different power control strategy compared with one-to-many or many-to-one scenarios. 

Based on the above observations we propose the following:
Proposal 1:	For the shared resource pool the bandwidth of the SL-PRS shall be independent from the bandwidth selected for the PSCCH and PSSCH. 
· Option 1: The SL-PRS bandwidth is identical to the resource pool bandwidth and the PSCCH/PSSCH is selected according to the TB (transport block) size
· Option 2: The SL-PRS bandwidth configurable independent from the bandwidth selected for PSCCH/PSSCH
Proposal 2:	For the shared resource pool the first OFDM symbols of a slot include the PSCCH/PSSCH (and related AGC and DMRS symbols/resource elements). This part is backward compatible to Rel. 16/17. The remaining symbols of the slot include a SL-PRS with a bandwidth identical or higher as the PSCCH/PSSCH part, but limited to the bandwidth of the resource pool.

Proposal 3: 	For the dedicated resource pool resource pool the first OFDM symbols of a slot includes a PSCCH, related AGC and DMRS only and can be shorten to [2 or 3] symbols. The remaining symbols include TDMed and/or FDMed SL-PRS

Proposal 4: 	Support multiplexing of SL PRS from different UEs over the same OFDM symbols in a slot with a cyclic shift configuration for the SL-PRS.

[bookmark: _GoBack]Proposal 5: 	Consider non-contiguous frequency allocation of the SL-PRS according to the sub-channel structure of the SL resource pool.

Proposal 6: 	Support multi-port transmission for SL-PRS.

Proposal 7: 	Support enabling multiple SL reference signals from multiple UEs, to be used for determining the minimum transmit power for the SL-PRS transmissions to the multiple UEs and the maximum transmit power avoiding overload of nearby UEs 
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