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Introduction
In RAN#98-e meeting, the WID on expanded and improved NR positioning has been approved [1], including the following objectives:
· 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, the issues and solutions on design of sidelink positioning reference signal is discussed, and our opinions are given.
Sidelink reference signal design
SL PRS SN design
In RAN1#112 meeting, the following agreement was made:
	
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.


For DL PRS signal, the initialization parameter value is determined by higher layer configurations; while for SL CSI-RS signal, the initialization parameter value is determined by the CRC of associated PSCCH. The reason for using CRC of associated PSCCH is to guarantee sufficient randomization even when the UEs are out of coverage. Even if two UEs selects the same resource for reference signal transmission, if the content of the associated PSCCH/SCI is different, the initialization parameter can still be different. For SL PRS transmission, TX UEs can be in RRC idle state, and the potential interference may come from UEs in other cells or out of coverage. Furthermore, even if the TX UE is in NW coverage, the RX UE may be out of coverage. If the initialization parameter is higher layer configured, the RX UE cannot correctly receive the SL PRS signal. Therefore, the solution used for SL CSI-RS shall be reused to mitigate potential interference by randomization, that is,  is based on 12 bits CRC of PSCCH associated with the SL PRS transmission.
Proposal 1:  is based on 12 bits CRC of PSCCH associated with the SL PRS transmission
SL PRS format
In RAN1#112 meeting, the following agreements have been made:
	
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.


According to the above agreements, the following (M, N) pairs have been supported for shared resource pool: (1,1), (2,2), (1,2), (2,4), (4,4); and the following (M, N) pairs have been supported for dedicated resource pool: (1,2), (2,2), (2,4), (4,4). 
In NR communications, flexible number of OFDM symbols can be (pre)configured for SL operation. The number of OFDM symbols for SL can be from 7 to 14 symbols. For SL PRS transmission, the same number of SL symbols in a slot shall be supported.
Assuming that the last SL OFDM symbol is used as the gap symbol, and the first SL OFDM symbol is used for AGC, and there are 2 SL OFDM symbols for control information transmission, there will be 3 to 10 SL OFDM symbols left for SL PRS transmission. 
Before each SL PRS transmission in a slot, an AGC symbol would be needed if the control information and the associated SL PRS transmission occupies different bandwidth. Therefore, at least for a dedicated resource pool, the OFDM symbol length for a SL PRS transmission can be from 2 to 9 OFDM symbols. Repetition transmission of OFDM symbols of SL PRS patterns with full staggered can be considered to support SL PRS transmissions other than 1, 2, and 4 OFDM symbols.
Proposal 2: SL PRS transmission with number of OFDM symbols from 2 to 9 shall be supported. 
For DL PRS, the same DL PRS bandwidth is configured for the same frequency layer. However, for SL positioning, the accuracy requirement may be different depending on various of services and application scenarios. Therefore, supporting SL PRS transmission with flexible bandwidth in the same SL PRS resource pool would be beneficial. For dedicated resource pool, the granularity of frequency domain resource allocation for SL PRS transmission can be defined as PRS subchannel, similar as the subchannel defined for SL communication pool. A UE can transmit SL PRS in one or multiple contiguous PRS subchannels. For shared resource pool, SL PRS transmission can be associated with SL PSCCH/PSSCH transmission, and thus the bandwidth of SL PRS can also be flexibly determined. 
Proposal 3: SL PRS transmission with flexible bandwidth is supported in both dedicated resource pool and shared resource pool
- PRS subchannel is defined as the frequency domain resource allocation granularity
RAN1 has agreed that a SL PRS resource within a slot occupies consecutive OFDM symbols. However, whether non-consecutive symbols for shared resource pool is still FFS. In a shared resource pool, SL PRS can be transmitted together with SL PSCCH/PSSCH, and occupies a subset of symbols of PSSCH. If SL PRS and PSSCH DMRS collide on the same symbol, SL PRS transmission in the symbol shall be avoided otherwise S-RSRP measurement of legacy R16/17 SL UEs sharing the same SL communication resource pool will be impacted. Therefore, we propose:
Proposal 4: For shared SL resource pool, SL PRS are not transmitted in the OFDM symbol(s) of PSSCH DMRS symbol.
Slot structure of SL PRS signal
Dedicated SL PRS resource pool
[bookmark: _Hlk127451392]An example of the slot structure of SL PRS dedicated resource pool can be seen as in Figure 1. A SL PRS transmission may occupy (pre)configured number of symbols in a slot. For each SL-PRS transmission, there will be an associated physical layer control information transmission in the resource pool, which can indicate or reserve the resource of the current or the future SL-PRS transmission(s). The current PSCCH/PSSCH design in SL communication can be the baseline for the design of channel to convey the information. There will be an AGC symbol before the transmission of control information. An AGC symbol is also needed if the control information and the associated SL PRS transmission occupies different bandwidth.
It is also possible to accommodate more than 1 SL PRS transmissions in a slot, as shown in the right figure of Figure 1. As the transmitter UEs of SL PRS transmissions can be different, a guard symbol needs to be inserted between the adjacent SL PRS transmissions. The guard symbol is also necessary between the control information and the first SL PRS transmission symbol, since the associated SL PRS transmission of control information can be in any SL PRS resource.
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Alt 1: 1 SL PRS resource in a slot                          Alt 2: >1 SL PRS resource in a slot
Figure 1 Slot structure of SL PRS dedicated resource pool
Proposal 5: The comb size, starting symbol(s) in a slot and number of symbols for a SL PRS transmission is (pre)configured in a SL PRS dedicated resource pool.
- The number of starting symbol(s) is (pre)configured in a SL PRS dedicated resource pool.
Shared resource pool
For shared resource pool, SL PRS can be transmitted together with SL PSCCH/PSSCH transmission, as shown in Figure 2. SL PRS has the same bandwidth as the PSCCH/PSSCH transmission of SL communication, and thus the guard symbol and AGC symbol are not needed. 
[image: ]
Figure 2 Slot structure for shared resource pool
Proposal 6: For shared resource pool design, SL PRS transmission is transmitted together with SL PSCCH/PSSCH transmission in a slot.
Open loop power control for SL PRS transmission
For dedicated resource pool for SL positioning, an independent set of power control parameters can be (pre)configured for SL PRS transmission. Similar as SL communication, DL based open loop power control and SL based open loop power control can be supported. To simplify the specification impact, SL based open loop power control for SL PRS is only supported for SL PRS unicast transmission. The pathloss for SL based open loop power control is estimated based on the RSRP measurement reported from the receiver UE. The RSRP report from the receiver UE can be based on the measurements from SL PRS transmitted from the transmit UE. 
Proposal 7: For SL PRS transmission in a dedicated resource pool, both DL based and SL based open loop power control for SL PRS transmission are supported
- For SL based open loop power control, only unicast of SL PRS is supported
Proposal 8: the RSRP report used in SL based open loop power control is measurement obtained from SL PRS reception.
For shared resource pool for SL positioning, the transmission power of a given SL transmission shall remain constant across different OFDM symbols. Otherwise, some transition duration or AGC symbol may be necessary, which will increase the overhead of SL communication. Therefore, the power of SL PRS transmission shall follow the power control of PSSCH. The PSD of SL PRS transmission shall be the same as that of PSSCH which is transmitted together with SL PRS signal. 
Proposal 9: For SL transmission in a shared resource pool, the transmission power of SL PRS follows the transmission power of the PSSCH to keep constant TX power in all the OFDM symbols. 
Conclusion
In this contribution, the design of sidelink PRS signal is discussed. Based on the discussion, the following proposals are proposed:
Proposal 1:  is based on 12 bits CRC of PSCCH associated with the SL PRS transmission
Proposal 2: SL PRS transmission with number of OFDM symbols from 2 to 9 shall be supported. 
Proposal 3: SL PRS transmission with flexible bandwidth is supported in both dedicated resource pool and shared resource pool
-- PRS subchannel is defined as the frequency domain resource allocation granularity
Proposal 4: For shared SL resource pool, SL PRS are not transmitted in the OFDM symbol(s) of PSSCH DMRS symbol.
Proposal 5: The comb size, starting symbol(s) in a slot and number of symbols for a SL PRS transmission is (pre)configured in a SL PRS dedicated resource pool.
- The number of starting symbol(s) is (pre)configured in a SL PRS dedicated resource pool.
Proposal 6: For shared resource pool design, SL PRS transmission is transmitted together with SL PSCCH/PSSCH transmission in a slot.
Proposal 7: For SL PRS transmission in a dedicated resource pool, both DL based and SL based open loop power control for SL PRS transmission are supported
- For SL based open loop power control, only unicast of SL PRS is supported
Proposal 8: the RSRP report used in SL based open loop power control is measurement obtained from SL PRS reception.
Proposal 9: For SL transmission in a shared resource pool, the transmission power of SL PRS follows the transmission power of the PSSCH to keep constant TX power in all the OFDM symbols. 
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