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Introduction
The WID on sidelink positioning is approved in [1]. 
	The specific objectives of this work item are:
· 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 share our views on SL positioning reference signal for sidelink positioning.

SL-PRS Sequence design
In RAN1#112, the following agreements on SL-PRS sequence design had been achieved [2].
	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, the pseudo-random sequence c(i) initialization equation is defined as a function of at least: slot number, symbol number, and a parameter .
· The pseudo-random sequence c(i) initialization equation is based on initialization equation as for DL PRS

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:  


In Uu positioning, the pseudo-random sequence generator ( is given by:

where the downlink PRS sequence ID  is given by the higher-layer parameter DL-PRS-SequenceId. The DL-PRS-SequenceId can be used to uniquely identify a DL PRS resource, i.e., UE to identify the PRS from different TRP according to DL-PRS-SequenceId. 
In SL positioning, similar with Uu DL positioning, Rx UE can identify the SL-PRS from different Tx UE according the  of SL-PRS which associated with source ID. In this case, the  of SL-PRS should be associated with UE ID information. Therefore, for SL PRS sequence generation, we prefer  is based on 8 bits of source ID + 4 zero bits.
Proposal 1:  is based on 8 bits of source ID + 4 zero bits.

SL-PRS Frequency and time-domain Pattern
In RAN1#112, the follow agreements on SL-PRS frequency and time-domain pattern had been achieved [2].
	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.



[bookmark: _GoBack]For SL PRS in shared or dedicated resource pools, it was agreed that at least comb sizes (N) 2, 4 are supported and Comb size 6 is supported at least in dedicated resource pool.  In our view, for shared resource pools, one slot can only be used to transmit SL PRS, so Comb size 6 can also be applied to shared resource pools. In last meeting, it was also agreed that Comb size 1 is supported at least in shared resource pool. In our view, Comb size 1 can also be supported in dedicated resource pool.
Proposal 2: Comb size 6 should be supported in shared resource pool.
Proposal 3: Comb size 1 should be supported in dedicated resource pool.
For SL PRS patterns with full staggering, whether (M,N)=(6,6) is supported had been discussed in last meeting. We support that Comb size 6 should be supported in both shared resource pool and dedicated resource pool. For shared resource pools, one slot can only be used to transmit SL PRS, it is feasible for an SL PRS resource to occupy 6 symbols in one slot. Therefore, in our view, (M,N)=(6,6) should be supported in both shared resource pool and dedicated resource pool.
Proposal 4: (M,N)=(6,6) should be supported in both shared resource pool and dedicated resource pool.

Multiplexing of SL PRS from different UEs in a slot
In RAN1#112, the following agreements on multiplexing of SL PRS from different UEs in a slot had been achieved [2].
	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


In last meeting, Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools had been agreed. Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools is FFS. In existing resource sensing and selection mechanisms, the granularity of time-domain resources is one time slot, which means that a time slot can only be occupied by one UE. In a shared resource pool, a slot can only be occupied by one UE. Therefore, Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools is not feasible. Similar with Comb-based multiplexing, TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools is also not feasible. It was agreed that for comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M, N) value is possible. In our view, comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values is also possible.
Proposal 5: TDM-based multiplexing and Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools cannot be supported.
Proposal 6: Comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values can be considered.

For multiple UEs occupying different PRS resources in the same time slot, resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources and additional AGC symbols are FFS. For the relationship to SCI/PSCCH associated with the SL PRS resources, one way is to divide multiple non-overlapping PSCCH frequency domain monitoring ranges in the frequency domain, and each PSCCH frequency domain monitoring range is associated with one or more SL PRS resources. The number of frequency domain monitoring ranges of PSCCH in a slot can be determined according to the number of PRS resources in a slot. As shown in Figure 2, one slot is pre-configured with four SL PRS resources, and each PSCCH frequency domain monitoring range is associated with one SL PRS resource. The UE can monitor the PSCCH in the frequency domain monitoring range of the PSCCH corresponding to each SL PRS resource to sense and reserve the SL PRS resource. This method can reduce the complexity of UE resource sensing and avoid collisions between PSCCH transmissions of different UEs.
[image: ]
Figure 2: Mapping between PSCCH frequency domain monitoring ranges and SL PRS in a slot.
Proposal 7: The association between PSCCH frequency domain monitoring ranges and SL PRS in a slot should be supported for SL PRS resource selection.

SL PRS resources and resource sets
Current SL resources are defined within the SL BWP. The SL BWP is divided into multiple resource pools, and each resource pool can be further divided into a number of sub-channels. The sub-channel is the minimum unit of resource allocation in the existing resource allocation scheme. 
In sidelink positioning, UE performs parameters estimation by receiving SL-PRS, such as TOA estimation, whereas the estimation accuracy is directly related to the bandwidth of SL-PRS. Therefore, the transmission of PRS will occupy a relatively large bandwidth, and even occupy the bandwidth of the entire dedicated resource pool for SL-PRS. Taking sub-channel as the minimum resource allocation granularity is not suitable for SL-PRS resource allocation in the dedicated resource pool. 
In our view, one SL-PRS resource or one SL-PRS resource set should be used as the granularity of resource allocation for SL-PRS transmission. For a resource pool, multiple SL-PRS resource sets or SL-PRS resources can be pre-configured. When the UE performs resource sensing and reservation, it determines which SL-PRS resource sets or SL-PRS resources are not occupied through SCI decoding and RSRP measurement. The UE may report the candidate SL-PRS resource sets or PRS resources to the higher layer according to the resource sensing result. Then, the higher layer would select SL-PRS resources in the reported candidate SL-PRS resources. The definition of DL PRS resources or resource sets in existing specification can be reused for SL-PRS resource allocation. As a starting point, SL PRS resources and SL PRS resource sets are defined similar to the definitions for DL PRS resources and DL PRS resource sets respectively.
Proposal 8: The definition of DL PRS resources or resource sets in existing specification can be reused for SL-PRS resource allocation.


SL-PRS Configuration/Triggering/Activation
In RAN1#110, the following agreement on the configuration/activation/deactivation/triggering of SL-PRS had been achieved [3].
	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.


High-layer-only signaling involvement in the configuration/activation/deactivation/triggering of SL-PRS (i.e., Option 1) may cause resource waste and resource collision especially for sidelink resource selection mode 2. Considering the flexibility of resource configuration and L1 signaling overhead, combining high-layer and lower-layer signaling to achieve the configuration/activation/deactivation/triggering of SL-PRS (i.e., Option 2) should be supported. For example, comb size, number of symbol, the bandwidth of SL PRS, SCS, etc., can be configured by high-layer signaling (e.g., SL RRC). Start symbol within the slots, offsets, start RB or subchannel, etc., can be configured by low layer signaling (e.g., SL-MAC-CE, or SCI, or DCI).
Proposal 9: Combining high-layer and lower-layer signaling to achieve the configuration/activation/ deactivation/triggering of SL-PRS should be supported.

AGC & Tx-Rx turnaround time considerations for SL-PRS
In RAN1#109e, the following agreement on AGC and/or Rx-Tx turnaround time for SL-PRS had been achieved [4].
	Agreement
For a potential new SL PRS, study further the following
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Number of symbol(s) for AGC and/or Rx-Tx turnaround time
Conditions under which AGC training and/or Rx-Tx turnaround time are needed


In Uu positioning, DL PRS is only sent from TRP. But, in sidelink positioning, the Rx UE will receive the transmitted SL-PRS from different Tx UEs. Different Tx UEs may correspond to different transmit powers, and the distances and path losses between different Tx UEs and Rx UEs may also be different. Therefore, the Rx UE should recalibrate its AGC for every SL-PRS transmission. Furthermore, in legacy sidelink transmission, in order to realize the conversion between the receiving mode and the transmitting mode of the UE, a gap symbol after the last PSSCH symbol was introduced. For sidelink positioning, UE need to transmit SL-PRS and/or receive SL-PRS sent by other UEs. The conversion between the receiving mode and the transmitting mode is also need for SL-PRS transmission. Therefore, AGC training and Rx-Tx turnaround time are always needed for SL-PRS transmission.
Observation 1: AGC training and Rx-Tx turnaround time are always needed for SL-PRS transmission.
In RAN1#110b, the follow agreement on frequency and time domain pattern of a SL-PRS resource within a slot
	Agreement
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· FFS: the values considered as potential candidate values for M
· FFS1: Whether to consider N>12 as a potential candidate value(s)
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported)
· FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose


For AGC training, one symbol preceding the set of SL-PRS symbols can be used. For Rx/Tx turnaround, one symbol after the set of SL-PRS symbols can be used. Furthermore, multiple AGC and Rx/Tx turnaround time(s) can be considered if SL-PRS transmissions from the same or different UEs are multiplexed in a TDM manner.
Proposal 10: For AGC training, one symbol preceding the set of SL-PRS symbols can be used 
Proposal 11: For Rx/Tx turnaround, one symbol after the set of SL-PRS symbols can be used.

Feedback for PRS transmission
Sidelink HARQ feedback uses PSFCH and can be operated in one of two options. In one option, which can be configured for unicast and groupcast, PSFCH transmits either ACK or NACK using a resource dedicated to a single PSFCH transmitting UE. In another option, which can be configured for groupcast, PSFCH transmits NACK, or no PSFCH signal is transmitted, on a resource that can be shared by multiple PSFCH transmitting UEs.
In Uu positioning, PRS transmission is scheduled by LMF and gNB. In sidelink positioning, SL PRS resources are selected by UE based on sensing and there are many factors affect SL-PRS reception and transmission, such as the prioritization in the Rx UE side, SL positioning QoS requirement. Furthermore, TS22.261 points out that the 5G system shall support energy efficient UE ranging operation. If the Tx UE keeps sending PRS blindly, it will cause serious power consumption. A way to reduce the energy consumption of SL-PRS transmission is that the Rx UE instructs the Tx UE to continue or stop the transmission of PRS through a feedback mechanism. For example, UE A may instruct UE B to stop sending PRS through the feedback resource, if UE A does not need to perform SL PRS measurement.
Proposal 12: Considering energy efficient of SL-PRS transmission, feedback mechanisms should be considered.

Conclusion
In this contribution, we provided initial views on SL positioning reference signal. In summary, we have following proposals and observations:
Observation 1: AGC training and Rx-Tx turnaround time are always needed for SL-PRS transmission.

Proposal 1:  is based on 8 bits of source ID + 4 zero bits.
Proposal 2: Comb size 6 should be supported in shared resource pool.
Proposal 3: Comb size 1 should be supported in dedicated resource pool.
Proposal 4: (M,N)=(6,6) should be supported in both shared resource pool and dedicated resource pool.
Proposal 5: TDM-based multiplexing and Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools cannot be supported.
Proposal 6: Comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values can be considered.
Proposal 7: The association between PSCCH frequency domain monitoring ranges and SL PRS in a slot should be supported for SL PRS resource selection.
Proposal 8: The definition of DL PRS resources or resource sets in existing specification can be reused for SL-PRS resource allocation.
Proposal 9: Combining high-layer and lower-layer signaling to achieve the configuration/activation/ deactivation/triggering of SL-PRS should be supported.
Proposal 10: For AGC training, one symbol preceding the set of SL-PRS symbols can be used 
Proposal 11: For Rx/Tx turnaround, one symbol after the set of SL-PRS symbols can be used.
Proposal 12: Considering energy efficient of SL-PRS transmission, feedback mechanisms should be considered.
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