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[bookmark: OLE_LINK1]Introduction
In RAN#98-e meeting, various features have been recommended for normative work [1] for support of sidelink (SL) ranging/positioning. The following shows the expected enhancements for SL positioning reference signal (SL-PRS) including transmit power control in the WID:
	· 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 procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 


In this contribution, we provide our solutions for SL positioning reference signal including sequence design, frequency and time domain behavior, AGC and Rx-Tx Turnaround time and transmit power control. 
Discussion
2.2 SL positioning reference signals
2.1.1 SL-PRS sequence design
For SL-PRS sequence design, only pseudorandom-based sequence is supported for unified design and better multiplexing between SL-PRS and other signals, the following agreement was approved in RAN1#110b-e.
	Agreement in RAN1#110b-e
For the sequence of the new reference signal for SL positioning/ranging, use
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.


The sequence of SL-PRS (pseudorandom-based)  can be generated according to TS 38.211 [2]:

Where  is the pseudo-random sequence and its initialization function design  is one of the key factors for SL-PRS sequence generation. The pseudo-random sequence generator for DL-PRS and sidelink CSI-RS shall be initialized respectively as follows:
	DL-PRS 
where the pseudo-random sequence  shall be initialized with

where  is the slot number, the downlink PRS sequence ID  is given by the higher-layer parameter dl-PRS-SequenceID, and  is the OFDM symbol within the slot to which the sequence is mapped.
Sidelink CSI-RS
where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with

at the start of each OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  where the quantity  equals the decimal representation of CRC for the sidelink control information mapped to the PSCCH associated with the CSI-RS according to  with  and  given by clause 7.3.2 in [4, TS 38.212].


The basic pseudo-random sequence initialization functions for DL-PRS and sidelink CSI-RS are similar and can be applied and extended for SL-PRS. There are two main differences between the equation of initialization for sidelink CSI-RS and that for DL-PRS:
· Sequence ID: the downlink PRS sequence ID  is given by the higher-layer parameter dl-PRS-SequenceID, which might related to the DL-PRS resource’s TRP information; the SL CSI-RS sequence ID is related to the decimal representation of CRC for the sidelink control information
· Offset: Compared to SL CSI-RS, the equation of initialization for DL-PRS introduces an offset  in high bits. By introducing this offset, the  function of DL-PRS is the same as that of DL CSI-RS when the value range of DL-PRS sequence ID is 0~1024; On the contrary, since the value range of  is 0~4095, introducing high-bit offset can meet the requirement of different  corresponding to different  functions.
Similarly, the pseudo-random sequence  for SL-PRS can be initialized with:

where  is the number of consecutive OFDM symbols in a slot,  is the slot number within a radio frame,  is the OFDM symbol number within a slot,  is SL-PRS sequence ID,  equals to the bit size of SL-PRS sequence ID. 
For SL CSI-RS, only unicast transmission is supported and it has to be transmitted along with PSSCH. However, it is expected to support not only unicast SL-PRS transmission, but also groupcast and broadcast SL-PRS transmission. SL-PRS transmission is not bounded with PSSCH especially in dedicated resource pool. In order to ensure interference randomization and sequence correlation properties among SL-PRS of multiple UEs, the value range of SL-PRS sequence ID can also be set to 0-4095 as DL-PRS. If the value range of SL-PRS sequence ID is the same as DL PRS and the bit size is larger than 10, it is better to add a high-bit offset to align with DL-PRS’s sequence design and enable the multiplexing between SL-PRS and SL CSI-RS. The pseudo-random sequence  for SL-PRS may be initialized with:

In such case, when the value range of SL-PRS sequence ID is 0~1024, the  function of SL-PRS is the same as that of SL CSI-RS and thus beneficial for multiplexing between SL-PRS and SL CSI-RS.
As for the SL-PRS sequence ID configuration, there are two options: (1) SL-PRS sequence ID is configured via high layer signalling; (2) SL-PRS sequence ID is related to CRC for the sidelink control information. 
Option (1): Similar as DL-PRS design, the SL-PRS sequence ID can be configured via higher layer signaling. For in-coverage scenarios, the network will provide multiple SL-PRS resources each associated with a sequence ID, UE under the same network coverage is able to decode the corresponding SL-PRS. However, for out-of-coverage scenario or resource allocation scheme 2, Rx UE has to obtain the sequence ID information of Tx UE for correctly decoding and measuring SL-PRS. The sequence ID related information can be either preconfigured for UEs or carried in SCI. For example, Once Rx UE confirms that its destination ID is equal to Tx UE’s destination ID in the corresponding SCI for groupcast or broadcast SL-PRS transmission, Rx UE will decode and process Tx UE’s SL-PRS according to preconfigured sequence ID or the sequence ID information indicated in the corresponding SCI.
Option (2): SL-PRS sequence ID is related to CRC for the sidelink control information. It is easy and straightforward to reuse SL CSI-RS’ sequence ID design. The logic is that UE needs to firstly guarantee correctly receiving SCI before it decodes and measures the corresponding SL-PRS. 
Proposal 1: For pseudorandom-based SL-PRS, apply similar sequence design as DL-PRS:
· SL-PRS sequence ID: the value range is 0-4095 
· Select one of the following two options regarding SL-PRS sequence configuration:
· SL-PRS sequence ID is configured via high layer signaling
· SL-PRS sequence ID is related to CRC for the sidelink control information
· Offset in high-bit: introducing a high-bit offset for better multiplexing with SL CSI-RS, i.e. use the following formula


2.1.2 SL-PRS frequency and time domain pattern
	Agreement in RAN1#110
With regards to the frequency domain pattern for multi-symbol SL-PRS, prioritize partially and fully staggered SL-PRS. 
· Note: this does not preclude comb N=1
· FFS: single symbol SL-PRS, if supported

Agreement in RAN1#110b-e
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· [bookmark: _Hlk118407772]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


Comb pattern of SL-PRS can reuse the design for DL-PRS as much as possible, the number of SL-PRS symbols excluding AGC symbol and gap symbol within a slot can be flexibly configured. Specifically, one symbol SL-PRS excluding the AGC-symbol and Gap symbol should be supported for better efficiency and larger capacity. 
In addition, considering limited UE transmit power, we suggest to further consider Comb size N > 12 for SL-PRS to achieve larger power boosting and to support more UEs’ RS multiplexing. We suggest the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / Rx-Tx Turnaround: {1, 2, 4, 6, 12, ...}. 
Proposal 2: With regards to the value N (comb size) and the number M of SL-PRS symbols of a SL-PRS resource within a slot excluding the symbol(s) used for AGC training / Rx-Tx Turnaround, 
· The number of SL-PRS symbols can be {1, 2, 4, 6, 12}
· One symbol SL-PRS excluding the AGC-symbol and Gap symbol should be supported
· Consider Comb size N > 12, e.g. N = 16, 24, 32 and 64

2.1.3 AGC and Rx-Tx turnaround design
For AGC and Rx-Tx turnaround, the following proposal was discussed during RAN1#110b-e but not agreed due to the lack of time.
	[ONLINE] Feature Lead Proposal 4.1.3-v2
At least for the dedicated SL-PRS resource pool, and assuming a SL-PRS resource with contiguous symbols,  
· With regards to AGC training
· One symbol preceding a SL-PRS resource can be used 
· With regards to Rx/Tx turnaround
· One symbol after a SL-PRS resource can be used
· FFS: Discuss further scenarios that this may not be needed (e.g. SL-TDOA where a UE receives only)
· Note: 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 within a slot. Such discussions will take place as we progress more on the SL-PRS structure and slot format. 


Firstly, only one AGC training symbol and one Rx/Tx turnaround symbol are needed per SL-PRS resource, and multiple AGC and Rx/Tx turnaround time(s) correspond to multiple SL-PRS resources.
If one AGC symbol before SL-PRS exists, the symbol of AGC can be a duplication of a SL-PRS symbol. In SL communication, AGC symbol which locates in the first symbol of each slot simply repeats the second symbol. According to previous agreement, both fully staggered and partially staggered SL-PRS are prioritized. It is common understanding that the more REs SL-PRS can occupy, the higher the SL positioning accuracy. For transmission SL-PRS with partially staggered frequency pattern (as shown in Figure 2.1-1), AGC symbol can be a duplication of the expected symbol next to the final symbol of transmission SL-PRS. If so, extra gains can be expected. For example, suppose comb-N SL-PRS occupying M symbol, UE can coherently merge AGC symbol and SL-PRS symbol to obtain equivalent signals with more frequency resources. Similarly, for transmission SL-PRS with fully staggered frequency pattern (as shown in Figure 2.1-2), AGC symbol is a duplication of the expected symbol next to the final symbol which is also the first symbol of fully staggered SL-PRS.
	[image: ]
Figure 2.1-1: AGC design, where multiple SL-PRS with partially staggered pattern (comb-4, 2 symbols)
	[image: ]

Figure 2.1-2: AGC design, where multiple SL-PRS with fully staggered pattern (comb-4) 


Proposal 3: At least for the dedicated SL-PRS resource pool, and assuming a SL-PRS resource with contiguous symbols,  
· With regards to AGC training
· One symbol preceding a SL-PRS resource can be used 
· AGC symbol is a duplication of the expected symbol next to the final symbol of fully/partially staggered SL-PRS
· With regards to Rx/Tx turnaround
· One symbol after a SL-PRS resource can be used

2.2 Power control for SL-PRS
In TS 38.213 [3], power control has been formulated for physical sidelink control channel (PSCCH) transmission and physical sidelink shared channel (PSSCH) transmission based on UE’s capability and pathloss. For example, the formula for a UE determines a power for a PSSCH transmission is as follows:
 [dBm]
Where  is UE’s maximum transmission power, which is dependent on the UE’s capability,  is the maximum transmission power determined by sl-MaxTxPower based on a priority level of the SL data transmission and a channel busy ratio (CBR) range.  and  are dependent on the DL pathloss and SL pathloss respectively.
For SL positioning purpose, anchor UEs transmit SL-PRS to a target UE, the target UE obtains the positioning measurements by measuring SL-PRS. Then, wireless dependent positioning methods can be used to calculate the target UE’s location. However, the transmit power and power control of the SL-PRS is still an open issue. The power of SL-PRS transmission may be different from S-SSB block, PSSCH, PSCCH or PSFCH, then the related discussion is needed for a specific power control formula and related parameters for SL-PRS transmission. The following agreement was approved in RAN1#111:
	Agreement in RAN1#111
With regards to the power control for SL-PRS at least Open Loop PC should be introduced.


For power control formula, Open Loop power control is supported for PSCCH/PSSCH in current SL communication. Similarly, we can design a specific open loop power control formula for SL-PRS. Based on UE capability and SL/DL pathloss, a UE determines the SL-PRS transmission power  in SL-PRS transmission occasion  on active SL BWP as:
 [dBm]
where
·  is UE’s maximum transmission power dependent on the UE’s capability
·  is determined by high layer signaling based on the priority of SL-PRS transmission and SL-PRS CBR range (related to SL-PRS congestion control)
·  and  are dependent on the DL pathloss and SL pathloss respectively
Proposal 4: For SL-PRS Open Loop PC, the design of power control formula use PSSCH’s power control formula as a starting point.




Moreover, in order for more flexible control of the SL-PRS transmission power, the close loop power control can also be considered in SL-PRS power control formula. For example, for a SL-PRS transmission, a UE determines a power  in SL-PRS transmission occasion  on active SL BWP  of carrier  as:

 [dBm]






Where  and  are the adjustment factor of  and  respectively. For example, the value of  and  can be set to an integer of [-4, -1, 0, 1, 4], the network or the Rx UE will select an appropriate value and send feedback to Tx UE based on the RSRP of corresponding RS.
Proposal 5: For SL-PRS transmissions in a dedicated resource pool, with regards to the power control for SL-PRS consider Close Loop PC by introducing adjustment factors.

Conclusion
In this contribution, we discuss SL positioning reference signals and the corresponding transmission power control, and we have the following proposals:
Proposal 1: For pseudorandom-based SL-PRS, apply similar sequence design as DL-PRS:
· SL-PRS sequence ID: the value range is 0-4095 
· Select one of the following two options regarding SL-PRS sequence configuration:
· SL-PRS sequence ID is configured via high layer signaling
· SL-PRS sequence ID is related to CRC for the sidelink control information
· Offset in high-bit: introducing a high-bit offset for better multiplexing with SL CSI-RS, i.e. use the following formula

Proposal 2: With regards to the value N (comb size) and the number M of SL-PRS symbols of a SL-PRS resource within a slot excluding the symbol(s) used for AGC training / Rx-Tx Turnaround, 
· The number of SL-PRS symbols can be {1, 2, 4, 6, 12}
· One symbol SL-PRS excluding the AGC-symbol and Gap symbol should be supported
· [bookmark: _GoBack]Consider Comb size N > 12, e.g. N = 16, 24, 32 and 64
Proposal 3: At least for the dedicated SL-PRS resource pool, and assuming a SL-PRS resource with contiguous symbols,  
· With regards to AGC training
· One symbol preceding a SL-PRS resource can be used 
· AGC symbol is a duplication of the expected symbol next to the final symbol of fully/partially staggered SL-PRS
· With regards to Rx/Tx turnaround
· One symbol after a SL-PRS resource can be used
Proposal 4: For SL-PRS Open Loop PC, the design of power control formula use PSSCH’s power control formula as a starting point.
Proposal 5: For SL-PRS transmissions in a dedicated resource pool, with regards to the power control for SL-PRS consider Close Loop PC by introducing adjustment factors.
Reference
[1] RP-223549 New WID on Expanded and Improved NR Positioning, Intel Corporation, CATT, Ericsson, 3GPP TSG RAN Meeting #98-e.
[2] 3GPP TS 38.211 h40: "Physical channels and modulation (Release 17)"
[3] 3GPP TS 38.213 h40: "NR; Physical layer procedures for control (Release 17)".
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