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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.
SL PRS design
Sequence design for SL PRS
In RAN1#113 meeting, the following working assumption was made as a compromise [2]:
	[bookmark: _Hlk140513628]Working assumption
· For SL PRS sequence generation, the parameter [image: ][image: ] is defined as below:
· [image: ][image: ] is provided by higher layers to a Tx UE 
· Details on higher layers, including consideration of Tx UE’s own higher layer, are up to RAN2
· The higher layer parameter is provided to an Rx UE via LPP/SLPP.
· [bookmark: _Hlk142580962]FFS: If (pre-)configured for a resource pool and use of SL PRS for sensing is supported, [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS
· Otherwise (i.e., if not provided by higher layers), [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS



If the initialization ID for SL PRS sequence generation is provided by higher layers, other UEs except the transmitter and receiver of SL PRS cannot easily receive the SL PRS. This could be beneficial for protecting user privacy; however, this also make it impossible for a UE to perform sensing based resource allocation using SL-RSRP measurement results based on SL PRS. Although it is still possible to use the DMRS in PSCCH to obtain SL-RSRP measurement, considering that the bandwidth of SL PRS may be much larger than that of associated PSCCH, the measurement accuracy may be sacrificed. Therefore, we propose:
Proposal 1: Confirm working assumption for SL PRS sequence generation made in RAN1#113 meeting. 
-- If SL PRS for sensing is supported in a resource pool, [image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS.

0. SL PRS bandwidth
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. For example, for V2X use case, a pedestrian UE may not always transmit SL PRS with full bandwidth to save energy consumption; for commercial use case, a ranging measurement for direction may not need to use full bandwidth SL PRS signal transmission. 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. The subchannel size defined for SL communication can be the starting point. By reusing the concept of subchannel, the candidate resource concept in Mode 2 resource allocation can be reused for scheme 2 SL PRS resource allocation; and the frequency domain resource indication used in SCI format 1-A can be maximally reused as well. Note that full bandwidth only SL PRS can also be supported by configuring the subchannel size to be the same as the bandwidth of the resource pool. 
Comparing setting multiple SL PRS resource pools with different SL PRS bandwidths, a resource pool with flexible SL PRS bandwidth can achieve better resource utilization efficiency without further resource fragmentation. In addition, congestion control can be used to enable large SL PRS bandwidth when the congestion level is low, and reduce the resource utilization by limiting the usable SL PRS bandwidth when the congestion level is high. 
[bookmark: OLE_LINK54][bookmark: OLE_LINK51][bookmark: OLE_LINK15]To avoid much complexity due to the limited time, the subchannel size can be defined as 1/X of the resource pool BW, which means the BW of SL PRS which is composed of one or multiple consecutive subchannels in a dedicated resource pool can also be 1/X of the resource pool BW. The value of X can be (pre)configured in a resource pool level, for simplicity, the candidate value of X can be configured as {1,2,4} in a resource pool as shown in Figure 1. The motivation for supporting this feature is to provide more candidate resources for SL PRS transmission, and more resource allocation flexibility because in some case only smaller SL PRS BW is needed (e.g., when the positioning method is AoA). By reusing the concept of subchannel, the candidate resource concept in Mode 2 resource allocation can be reused for scheme 2 SL PRS resource allocation; and the frequency domain resource indication used in SCI format 1-A can be maximally reused as well. 
[image: ]
Figure 1 SL PRS subchannel size is 1/X of the resource pool bandwidth

[bookmark: OLE_LINK16]Proposal 2: The bandwidth of SL PRS is equal to the bandwidth corresponding to one or more consecutive SL PRS subchannels which can be smaller than the resource pool bandwidth.
-- Subchannel size is 1/X of the resource pool bandwidth; X can be {1,2,4} depends on the (pre)configuration in the resource pool.
In a slot, a mapping relationship shall be defined between the resource used to convey SCI and the resource used to transmit SL PRS associated with the SCI. By this way, the information size in SCI used to indicate the time/frequency resource of SL PRS could be reduced. In addition, the resource selection procedure of control information and the associated SL PRS can be simplified. 
[bookmark: OLE_LINK137][bookmark: OLE_LINK138]For more details, a most straightforward way is to support a one-to-one mapping relationship between a PSCCH resource and an associated SL-PRS resource in the same slot. Based on above analysis, a SL PRS resource ID can uniquely represent a resource within a slot, we propose to define that an ith PSCCH resource should correspond to the ith SL PRS resource in a slot, this mapping relationship is applied per SL PRS subchannel as shown in figure 2. Besides, the PSCCH should locate at the corresponding resource in the lowest SL PRS subchannel if more than one subchannels are allocated.

[image: ]
Figure 2 An example for mapping relationship b/w PSCCH and SL PRS (two (2,2) full stagger SL PRS occasions are assumed)

Proposal 3: Support a one-to-one mapping relationship between a PSCCH resource and an associated SL-PRS resource in the same slot 
· PSCCH locates at the corresponding resource in the lowest SL PRS subchannel if more than one subchannels are allocated.

AGC and gap symbols
In RAN1#113 meeting, the following agreement was made [2]:
	[bookmark: _Hlk140570208]Agreement
· In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol at least:
· if the gap symbol corresponds to the last SL symbol of a slot.
· Note: the gap can be used at least for Tx/Rx switching
· FFS: when TDM of multiple SL PRS resources within a slot is enabled in the dedicated resource pool
· FFS: Other cases.
· FFS: for SL PRS resource in a shared resource pool.




According to our proposal 2, SL PRS transmission with flexible bandwidth should be supported in dedicated resource pool. Associated PSCCH and SL PRS may have different Tx power, so both PSCCH resource and SL PRS resource need to be immediately preceded by an AGC symbol.
Proposal 4: In a dedicated resource pool, both PSCCH resource and a SL PRS resource need to be immediately preceded by an AGC symbol.


At the RAN1#112 meeting, it was agreed that TDM based multiplexing of SL PRS from different UEs in a slot is supported for dedicated resource pool [3]. This allows a higher multiplexing capacity for SL PRS transmissions. In case when multiple SL PRS are transmitted from different UEs, additional AGC need to be included. Whether a gap symbol is needed depends on whether the UE needs to perform TX-RX switching in a slot. Considering that the associated PSCCH for TDMed SL PRS resource could be FDMed, it would be difficult for a UE which transmit SL PRS in a slot also receives SL PRS from other UEs, due to half-duplex issue, so gap symbol does not need to be inserted between adjacent TDMed SL PRS resources.


Proposal 5: In case of TDM based multiplexing of SL PRS transmission from different UEs, AGC symbols should be inserted between SL PRS transmissions. 
-- Gap symbol does not need to be inserted between adjacent TDMed SL PRS resources


[bookmark: _Hlk140597665]At the RAN1 #113 meeting, it was agreed that in a shared resource pool, the SL PRS have same bandwidth and transmit power for PSSCH [2]. There is no need to have an AGC symbol between the SL PRS and PSSCH. So, in the shared resource pool, the existing slot structure can be reused for AGC symbol, PSCCH, PSSCH, SL PRS and the GAP symbol transmissions as shown in Figure 3. 

[image: ]
[bookmark: _Ref127458858]Figure 3 Slot structure in a shared resource pool
Proposal 6: In the shared resource pool, the existing slot structure is reused for AGC symbol, PSCCH, PSSCH, SL PRS and the GAP symbol transmissions. 
Transmit power control for SL PRS in dedicated resource pools
At the RAN1#113 meeting, it was agreed that SL PRS transmit power is same as that for PSSCH in the shared resource pool. Transmit power for SL PRS in dedicated resource pool is discussed in RAN1#113 meeting, and the following captures a related FL proposal [4].

	[Medium] FL1 Proposal 3.1-2
· For TPC for PSCCH associated with SL PRS in dedicated resource pools the following options are considered further:
· Option A: Same Tx power between PSCCH and SL PRS (no need for AGC but transient gap may still be needed due to PSD change if BW of PSCCH and SL PRS are different). RAN1 to consider sending an LS to RAN4 for confirmation. 
· Option B: Same Tx PSD between PSCCH and SL PRS (AGC symbol may be needed between PSCCH and SL PRS if BW are different)
· [bookmark: _Hlk140599525]Option C: Independent power control between PSCCH and SL PRS (AGC symbol or AGC symbol and transient gap may be needed between PSCCH and SL PRS)
· Other options are not precluded.


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: Option C that independent power control between PSCCH and SL PRS should be supported.
Proposal 8: For SL based open loop power control, only unicast of SL PRS is supported.
Proposal 9: The RSRP report used in SL based open loop power control is measurement obtained from SL PRS reception.

Conclusion
In this contribution, the design of sidelink PRS signal is discussed. Based on the discussion, the following proposals are proposed:
[bookmark: OLE_LINK17]Proposal 1: Confirm working assumption for SL PRS sequence generation made in RAN1#113 meeting. 
-- If SL PRS for sensing is supported in a resource pool,   is based on 12 LSB bits CRC of PSCCH associated with the SL PRS.
[bookmark: OLE_LINK18]Proposal 2: The bandwidth of SL PRS is equal to the bandwidth corresponding to one or more consecutive SL PRS subchannels which can be smaller than the resource pool bandwidth.
-- Subchannel size is 1/X of the resource pool bandwidth; X can be {1,2,4} depends on the (pre)configuration in the resource pool.
Proposal 3: Support a one-to-one mapping relationship between a PSCCH resource and an associated SL-PRS resource in the same slot 
[bookmark: OLE_LINK19]-- PSCCH locates at the corresponding resource in the lowest SL PRS subchannel if more than one subchannels are allocated.
Proposal 4: In a dedicated resource pool, both PSCCH resource and a SL PRS resource need to be immediately preceded by an AGC symbol.
Proposal 5: In case of TDM based multiplexing of SL PRS transmission from different UEs, AGC symbols should be inserted between SL PRS transmissions. 
-- Gap symbol does not need to be inserted between adjacent TDMed SL PRS resources
Proposal 6: In the shared resource pool, the existing slot structure is reused for AGC symbol, PSCCH, PSSCH, SL PRS and the GAP symbol transmissions. 
Proposal 7: Option C that independent power control between PSCCH and SL PRS should be supported.
Proposal 8: For SL based open loop power control, only unicast of SL PRS is supported.
Proposal 9: The RSRP report used in SL based open loop power control is measurement obtained from SL PRS reception.
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