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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 SL PRS resource and resource set, sequence design, frequency and time domain behavior, AGC and Rx-Tx Turnaround time, SL PRS bandwidth, multiplexing of a SL PRS resource with other channels/signals and transmit power control. 
Discussion
2.1 SL positioning reference signals
2.1.1 SL PRS resource and resource set
Both the configuration structure of DL PRS and UL positioning SRS include resource set and resource. In this subsection, we provide detailed definition of SL PRS resources (including whether SL PRS resource set should be introduced) and configuration parameters. The corresponding agreement and proposal in RAN1#112 are present as follows:
	Agreement in RAN1#112
A SL PFL is not defined. SL positioning RS are defined directly with respect to and contained within a single SL BWP and carrier.
Proposal in RAN1#112
· 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. 
· FFS: Detailed definitions and configuration parameters.


In our understanding, the main purpose of introducing DL-PRS resource set is to distinguish different DL transmit beams, to realize repeated transmission of DL-PRS resource and to facilitate UE’s receiving beam scanning. Multiple DL-PRS resources belonging to one DL-PRS resource set share the following common configurations: periodicity and resource set slot offset, repetition factor, time gap, muting pattern, number of symbols per resource within a slot, resource power. 
It is feasible to not introduce the definition of SL PRS resource set in this release since the beam related functions of SL communication are not established yet. However, if we consider forward compatibility, SL PRS resource set consisting of no less than 1 SL PRS resource(s) where each has an associated spatial transmission filter (for future design) can be introduced. Considering SL PRS with beamforming will definitely not be introduced in Rel-18, the maximum number of SL PRS resource set may be configured as 1 for now. At least the following parameters can be configured per resource set: SL PRS resource set ID, a list of SL PRS resources, power control related parameters (maximum transmission power, alpha, p0). As for detailed definition and configuration parameters for SL PRS resource, at least the following parameters can be configured: SL PRS resource ID, SL PRS comb RE offset, SL PRS sequence ID if it is a higher layer configured parameter. 
Proposal 1: The concept of SL PRS resource set can be introduced considering forward compatibility where each consists one or more SL PRS resource(s).
· The maximum number of SL PRS resource set shall be set as 1 in Rel-18
· At least the following parameters can be configured per resource set: SL PRS resource set ID, a list of SL PRS resources, power control related parameters (maximum transmission power, alpha, p0)
· At least the following parameters can be configured per resource: SL PRS resource ID, SL PRS comb offset, SL PRS sequence ID if it is a higher layer configured parameter

2.1.2 SL PRS sequence design
For SL PRS sequence design, SL PRS sequence is generated based on gold sequence for unified design and better multiplexing between SL PRS and other signals, the following agreements were approved in RAN1#112 [4].
	Agreement in RAN1#112
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 in RAN1#112
· 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 in RAN1#112
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 in RAN1#112
Range of the parameter  is:  


The sequence of SL PRS (gold sequence-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. 
Specifically, the pseudo-random sequence generator for DL-PRS and SL CSI-RS shown in the following box can be as references for SL-PRS sequence design.
	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 SL CSI-RS are similar where it is a function of slot number, symbol number and an ID for sequence. There are two main differences between the equation of initialization for SL 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.
In order to ensure interference randomization and sequence correlation properties among SL PRS of multiple UEs, the value range of SL PRS sequence ID is agreed to 0-4095 which is the same as that of DL-PRS sequence ID. Hence, we think the pseudo-random sequence  for DL-PRS should be reused for SL PRS, i.e.:

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 whose value range is . If the value range of SL PRS sequence ID is the same as DL PRS and the bit size is larger than 10, adding a high-bit offset is beneficial for potential multiplexing between SL PRS and SL CSI-RS. For example, if the value range of SL PRS sequence ID is configured within 0~1024, the  function of SL PRS is the same as that of SL CSI-RS.
As for the SL PRS sequence ID configuration, there are several options under consideration based on agreements made in RAN1#112, we analyse the pros and cons of each option as follows:
(1) SL PRS sequence ID is configured via high layer signalling
Similar as DL-PRS design, the SL PRS sequence ID is a higher layer configured parameter. For in-coverage scenarios, the network can 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. It is up to networks configuration with the same or different sequence ID(s) to guarantee interference randomization.
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 Tx UE’s SL PRS. The sequence ID related information can be either preconfigured in resource pool for UEs. 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 the sequence ID information indicated in the higher layer.
(2) SL PRS sequence ID is related to CRC of PSCCH associated with the SL PRS transmission.
It is easy and straightforward to reuse SL CSI-RS’ sequence ID design and define SL PRS sequence ID based on 12 bits CRC of PSCCH associated with the SL PRS transmission. The logic is that UE needs to guarantee correctly receiving SCI firstly before it decodes and measures the corresponding SL PRS. 
However, there are differences between SL CSI-RS and SL PRS. For SL CSI-RS, only unicast transmission is supported and a UE receives SL CSI-RS resource allocation information via PC5 RRC. SL CSI-RS has to be transmitted along with PSSCH and therefore apply the similar sequence principle as PSSCH (scrambling sequence generator of PSSCH is associated with the decimal representation of the CRC on the PSCCH associated with the PSSCH). On the contrary, SL PRS unicast/groupcast/broadcast can occur in either a shared or a dedicated resource pool and SL PRS transmission is not bounded with PSSCH especially in dedicated resource pool. Also, the information contained in SCI (e.g. 1st stage SCI) is publicly available even for unicast SL-PRS transmission and it may expose UE’s location information, therefore we prefer to treat it as a backup to protect UE’s privacy and focus on other options first.
Moreover, as described in TR 38.859 [5], SCI can be used for reserving/indicating one or more SL PRS resource(s). If a SCI reserves/indicates multiple SL PRS resources and SL PRS sequence ID is based on the 12 bits representation of CRC for the PSCCH associated with the SL PRS, that would make different SL PRS resources triggered by the same SCI sharing the same sequence ID in which the gain of interference randomization will be lost.
(3) SL PRS sequence ID is based on UE ID information (e.g. 12bits LSB of destination ID or 8 bits of source ID + 4 zero bits)
If 12 bits LSB of destination ID is used, multiple Tx UEs may transmit SL PRS to the same Rx UE which makes the sequence ID of SL PRS resources from multiple UEs are the same. According to agreements made in the last RAN1 meeting, comb-based multiplexing among SL PRS resources of multiple UEs in a slot is supported. As shown in Figure 2.1-1, suppose UE 1 transmits SL PRS resource 1 to UE 3 and UE 2 transmits SL PRS resource 2 to UE 3, SL PRS resource 1 and SL PRS resource 2 are transmitted in the same slot and the same symbol with different comb offsets. There is no interference in such case. However, if UE 1 and UE 2 use the same SL PRS resource to UE 3 (it is feasible in low frequency bands assuming UE 1 and UE 2 are RSUs), the SL-PRS sequence generation based on the destination ID, i.e. UE3 results in the same sequence ID for SL-PRS transmitting from UE 1 and UE 2, it is not beneficial for maintaining sequence correlation properties among SL PRS of multiple UEs. 
One the other hand, normally one UE may transmit multiple SL PRS resources but different resources are not transmitted in the same time. If SL PRS sequence ID is based on source ID, pseudo-random sequence  for multiple SL PRS resources from one UE is still different.
Based on our analysis above, we prefer using source ID or the combination of source ID and destination ID compared to only using destination ID as a basis of SL PRS sequence ID. One example of the use of “source ID and destination ID” comb is as follows: 

Where  is source ID (8 bits) and  is destination ID (16 bits).
[image: ]
Figure 2.1-1 Comb-based multiplexing of SL PRS from different UEs in a slot
(4) SL PRS sequence ID is based on the CRC field of the 2nd SCI associated with SL PRS transmission, if there is a 2nd SCI defined.
As we analyze in our companion paper [6], only SL PRS and PSCCH which carries SCI associated with SL PRS transmission(s) are included in dedicated resource pool for SL positioning. We believe there is no need to introduce PSSCH in dedicated resource pool for two-stage SCI, single-stage SCI is adequate and feasible. Therefore, we do not think SL PRS sequence ID should be based on the CRC field of the 2nd SCI associated with SL PRS transmission.
Base on the above analysis, we support the following proposal:
Proposal 2: For pseudorandom-based SL PRS:
· Select one of the following options regarding SL PRS sequence configuration:
· Option1: SL PRS sequence ID is configured via high layer signaling
· Option 5+6: SL PRS sequence ID is based on both source ID and destination ID, e.g. 
· Reuse the formula of DL-PRS sequence generation:


2.1.3 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

Agreement in RAN1#112
For RE-offset sequence for SL PRS, the RE-offset sequences specified for DL PRS are considered as a starting point.
· FFS: Exact RE-offset sequences 

Agreement in RAN1#112
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 in RAN1#112
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
· [bookmark: _GoBack]FFS: Support of SL PRS patterns with M > N at least with full staggering.


Comb pattern of SL PRS can reuse the design for DL-PRS as much as possible. In addition, considering limited UE transmit power, we suggest to introduce Comb size 8 and 12 for SL PRS to achieve larger power boosting and to support more UEs’ RS multiplexing. According to the discussions in RAN1#112, companies have concerns on supporting comb size 6 in shared resource pool and supporting comb size 1 in dedicated resource pool. But in our understanding, for shared resource pool it is possible that a slot only contains SL-PRS, PSCCH, PSSCH not carrying SL data but only including 2nd stage SCI, there will be enough room for comb size 6 in a slot of shared resource pool. Even if SL data and SL-PRS are transmitted in the same slot, we can still support partial staggering for comb size 6. For dedicated resource pool, comb size 1 means more SL PRS resources from multiple UEs can be included in the same slot and thus it is beneficial for low-latency service and more SL-PRS resources multiplexing in one slot.
The number M of SL PRS symbols excluding AGC symbol and Rx-Tx Turnaround 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. 
Moreover, both full staggering and partial staggering SL PRS patterns are supported. Specially, for SL PRS patterns with full staggering, at least (M, N) = (1, 1), (2, 2), (4, 4), (6, 6), (8, 8) are supported. (M, N) = (12, 12) can also be supported when PSCCH and SL-PRS are not transmitted in the same slot. For SL PRS patterns with partial staggering, at least (M, N) = (1, 2), (1, 4), (2, 4), (1, 6), (2, 6), (1, 8), (2, 8), (4, 8), (1, 12), (2, 12), (4, 12) are supported considering uniform SL PRS RE distribution. 
Similar as positioning SRS and DL PRS, number of symbols may be configured larger than comb size (i.e. M>N). We should at least support SL PRS patterns with M>N with full staggering for increasing signals reliability. The detailed RE-offset sequence refers to Table 2.1.
Table 2.1: RE offset sequence for SL PRS
	N:comb size
	M: Number of symbols for SL PRS

	
	1
	2
	3
	4
	6
	8
	12

	1
	0
	0,0
	0,0,0
	0,0,0,0
	0,0,0,0,0,0
	0,0,0,0,0,0,0,0
	0,0,0,0,0,0,0,0,0,0,0,0

	2
	0
	0,1
	-
	0,1,0,1
	0,1,0,1,0,1
	0,1,0,1,0,1,0,1
	0,1,0,1,0,1,0,1,0,1,0,1

	4
	0
	0,2
	-
	0,2,1,3
	-
	0,2,1,3,0,2,1,3
	0,2,1,3,0,2,1,3,0,2,1,3

	6
	0
	0,3
	-
	-
	[bookmark: _Hlk131062815]0,3,1,4,2,5
	-
	0,3,1,4,2,5,0,3,1,4,2,5

	8
	0
	-
	-
	0,4,2,6
	-
	0,4,2,6,1,5,3,7
	0,4,2,6,1,5,3,7,0,4,2,6

	12
	0
	0,6
	-
	0,6,3,9
	-
	-
	0,6,3,9,1,7,4,10,2,8,5,11


Proposal 3: For SL PRS in shared or dedicated resource pools, 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, 
· Comb sizes (N) {1, 2, 4, 6, 8 ,12} are supported
· The number of SL PRS symbols can be {1, 2, 3, 4, 6, 8, 12}
· One symbol SL PRS excluding the AGC-symbol and Gap symbol should be supported
· SL PRS pattern with full staggering are supported
· (M, N) = (1, 1), (2, 2), (4, 4), (6, 6), (8, 8), FFS: (12, 12)
· SL PRS pattern with partial staggering are supported
· (1, 2), (1, 4), (2, 4), (1, 6), (2, 6), (1, 8), (2, 8), (4, 8), (1, 12), (2, 12), (4, 12) 
· The detailed RE offset sequence for SL PRS can be:
	N:comb size
	M: Number of symbols for SL PRS

	
	1
	2
	3
	4
	6
	8
	12

	1
	0
	0,0
	0,0,0
	0,0,0,0
	0,0,0,0,0,0
	0,0,0,0,0,0,0,0
	0,0,0,0,0,0,0,0,0,0,0,0

	2
	0
	0,1
	-
	0,1,0,1
	0,1,0,1,0,1
	0,1,0,1,0,1,0,1
	0,1,0,1,0,1,0,1,0,1,0,1

	4
	0
	0,2
	-
	0,2,1,3
	-
	0,2,1,3,0,2,1,3
	0,2,1,3,0,2,1,3,0,2,1,3

	6
	0
	0,3
	-
	-
	0,3,1,4,2,5
	-
	0,3,1,4,2,5,0,3,1,4,2,5

	8
	0
	-
	-
	0,4,2,6
	-
	0,4,2,6,1,5,3,7
	0,4,2,6,1,5,3,7,0,4,2,6

	12
	0
	0,6
	-
	0,6,3,9
	-
	-
	0,6,3,9,1,7,4,10,2,8,5,11



2.1.4 AGC and Rx-Tx turnaround design
For AGC and Rx-Tx turnaround, the following proposal was discussed during RAN1#112 but not agreed due to the lack of time.
	FL1 Proposal 2.3-5 in RAN1#112
· For a SL PRS resource at least in a dedicated resource pool, 
· The first symbol of SL PRS is repeated to realize an AGC symbol
· FFS: Exceptions, if any
· There is a gap symbol following the last symbol of SL PRS resource
· FFS: Exceptions, if any
· FFS: for SL PRS resource in a shared resource pool.


Firstly, for dedicated SL PRS resource pool, only one AGC training symbol and one gap symbol are needed per SL PRS resource, and multiple AGC and gap(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/copies the second symbol. According to previous agreement, both fully staggered and partially staggered SL PRS are prioritized. 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 2.1-2), 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 2.1-3), 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.
As for SL PRS resource in shared resource pool, the introduction of AGC or gap symbol is associated with whether SL PRS transmit power is the same as that for PSSCH when they are transmitted in the same slot. For example, if SL PRS transmit power us the same as that for PSSCH, there is no need to have an AGC symbol in between and thus can save more resources.
	[image: ]
Figure 2.1-2: AGC design, where multiple SL PRS with partially staggered pattern (comb-4, 2 symbols)
	[image: ]

Figure 2.1-3: AGC design, where multiple SL PRS with fully staggered pattern (comb-4) 


Proposal 4: 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 (gap symbol)
· One symbol after a SL PRS resource can be used

2.1.5 SL PRS bandwidth
During RAN1#112 meeting, one proposal regarding SL PRS bandwidth was discussed.
	Proposal in RAN1#112
· For shared resource pools,
· SL PRS BW can be smaller than resource pool BW.
· FFS: SL PRS BW is same as the BW indicated for PSSCH if/when PSSCH is present in a shared resource pool.


For SL PRS bandwidth configuration in shared resource pool, we think there are two options:
Option 1: The configuration of SL PRS bandwidth is indicated in SCI. For instance, for a shared resource pool, the bandwidth is the same as that of PSSCH if they are transmitted in the same slot.
Option 2: The bandwidth of SL PRS is up to SL PRS configuration in a resource pool. In such case, SCI only need to indicates a SL PRS resource ID. SL PRS resource is configured in resource pool and bandwidth is one of parameters for SL PRS.
Therefore, in our understanding, we should first figure out how to configure SL PRS bandwidth and down-select between two options before rushing into any agreements about bandwidth size or whether SL PRS BW is same as the BW indicated for PSSCH.
Proposal 5: For shared resource pool, with regards to SL PRS bandwidth configuration, down-select between the following two options:
· Option 1: SL PRS bandwidth is indicated in SCI;
· Option 2: SL PRS bandwidth is up to higher layer configuration in a resource pool.

2.1.6 Multiplexing of a SL PRS resource with other channels/signals
In this sub-section, we provide our understanding and solutions on multiplexing of a SL PRS resource with other channels/signals.
	Agreement in RAN1#112
· 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 in RAN1#112
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


Comb-based multiplexing of SL PRS from different UEs in a slot
In RAN1#112, comb-based multiplexing of SL PRS from different UEs in a slot is supported for dedicated resource pools, whether it is supported in shared resource pool remains an FFS. In our understanding, slot-based granularity is used in shared resource pool, that means a UE will reserve or select a slot for its PSSCH/SL PRS transmission and not share this one-slot-resource with other UEs. If comb-based multiplexing of SL PRS is supported in shared resource pool, for one-slot-resource, probably UE1 transmits PSSCH and SL PRS but UE2, UE3 and UE4 only transmit SL PRS. Extra AGC symbol might be needed to address the above situation.
Proposal 6: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools is not supported.
The first question is whether to support comb-based multiplexing of SL PRS from different UEs in a slot using different M values. As shown in Figure 2.1-4, SL-PRS resources with the same bandwidth/comb size but different symbol number are multiplexed. However, suppose a Rx UE needs to receive both SL PRS resource 1 (blue block) and SL PRS resource 3 (green block), that means an extra AGC symbol is needed at the end of SL PRS resource 1 and that may further cause discontinuous reception of SL PRS resource 3. Therefore, we prefer a single M value for comb-based multiplexing of SL PRS from different UEs in a slot.
[image: ]
Figure 2.1-4: Comb-based multiplexing of SL PRS from different UEs in a slot using same N and different M values
For (M, N) values used for comb-based multiplexing, we believe that comb size N can be flexibly configured. For example, as shown in Figure 2.1-5, SL PRS resource with comb size 2 and SL PRS resource with comb size 4 can be multiplexed for one symbol PRS.
[image: ]
Figure 2.1-5: Comb-based multiplexing of SL PRS from different UEs in a slot using different N but same M values
Proposal 7: For comb-based multiplexing of SL PRS from different UEs in a slot, with regards to the (M, N) value:
· Support using the same M value and flexibly configured N values.
TDM-based multiplexing of SL PRS from different UEs in a slot
With regards to TDM-based multiplexing of SL PRS from different UEs in a slot for dedicated resource pools, additional AGC symbols are needed. Figure 2.1-6 gives an illustration of AGC design, where two SL-PRS transmissions of two UEs are multiplexed in a TDM manner and the comb size of both the two SL-PRS is 4. UE1 transmits SL-PRS resource 1 and UE2 transmits SL-PRS resource 2. Because both of SL-PRS1 and SL-PRS2 are fully staggered, AGC symbol transmitted by UE1 is assumed as a duplication of the first symbol of SL-PRS1. and AGC symbol transmitted by UE2 is assumed as a duplication of the first symbol of SL-PRS2.
[image: ]
Figure 2.1-6 AGC design, where multiple SL-PRS with fully staggered pattern is multiplexed in TDM 
From the perspective of resource utilization, TDM-based multiplexing of SL PRS from different UEs in a slot should not be supported in shared resource pool. Given the circumstances that SL PRS needs share the limited time and frequency resources with SL communication, TDM-based SL PRS resources multiplexing where each SL PRS resource is attached with one additional AGC symbol and gap symbol will waste too much resources.
Proposal 8: For TDM-based multiplexing of SL PRS from different UEs in a slot,
· Only supported in dedicated resource pool, not supported in shared resource from resource utilization perspective
· Additional AGC symbol is needed preceding each SL PRS resource

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 were approved in RAN1#112:
	Agreement in RAN1#112
The OLPC framework defined for PSSCH/PSCCH is considered as a starting point for OLPC for SL PRS.
Proposal in RAN1#112
· At least for in-coverage scenarios and for unicast SL PRS, either DL pathloss or SL pathloss or both are considered for defining OLPC for SL PRS.
· FFS: OLPC for other cases.


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 9: For SL PRS power control, a UE determines the SL PRS transmission power  in SL PRS transmission occasion  as:
 [dBm]
When it comes to the design to SL pathloss, there are two options for either a dedicated resource pool or a shared resource pool: (1) use SL PRS as pathloss reference; (2) use PSCCH DMRS as pathloss reference. In our view, for dedicated resource pool, using SL PRS as pathloss reference can provide more accurate pathloss due to SL PRS normally occupy more resources in both time domain and frequency domain than PSCCH DMRS. 
For shared resource pool, we prefer to assume SL PRS transmit power is the same as that for PSSCH if those two are transmitted in the same slot and SL PRS OLPC SL pathloss reference can share the signal used for PSSCH power control. In legacy SL communication design, SL pathloss of PSSCH is obtained from a PSSCH DMRS. On the other hand, if SL PRS and PSSCH are not transmitted in the same slot (this scenario may need further investigation), again SL PRS can be used as SL pathloss reference.
Proposal 10: For a dedicated resource pool or a shared resource pool
· Dedicated resource pool: SL PRS is used as pathloss reference for OLPC.
· Shared resource pool: SL PRS transmit power is the same as that for PSSCH if those two are transmitted in the same slot
· PSSCH DMRS is used as pathloss reference if PSSCH and SL PRS are transmitted in the same slot
· SL PRS can be used as pathloss reference only if PSSCH and SL PRS are not transmitted in the same slot
Moreover, for simplicity, transmission power control for PSCCH which associated with SL PRS in dedicated resource pool is associated with SL PRS. For example, PSCCH which associated with SL PRS applies the same Tx PSD (power spectral density) as SL PRS and there needs an extra AGC symbol between PSCCH and SL PRS since normally their bandwidth are different. Alternatively, suppose the Tx PSD of SL PRS is , we can define Tx PSD of PSCCH associated with SL PRS with an offset  for more robust PSCCH transmission as .
Proposal 11: Transmission power control for PSCCH which associated with SL PRS in dedicated resource pool is associated with SL PRS, support one of the following options:
· Option 1: PSCCH which associated with SL PRS applies the same Tx PSD as SL PRS
· Option 2: Tx PSD of PSCCH which associated with SL PRS is equal to the sum of Tx PSD of SL PRS and an offset for more robust PSCCH transmission, i.e. 
The general procedure (mainly focus on the role of SL pathloss) of SL PRS power control referring to what defined for SL-PRS power control is shown in Figure 2.2-1, firstly, Tx UE transmits SL PRS to Rx UE, Rx UE measures the corresponding SL PRS RSRP and send this information back to the Tx UE. Then, the Tx UE can calculate SL pathloss (e.g. ) if SL PRS is used as pathloss reference. Finally, the Tx UE may adjust SL PRS transmission power accordingly.
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Figure 2.2-1: An example of SL PRS power control procedure

Conclusion
In this contribution, we discuss SL positioning reference signals and the corresponding transmission power control, and we have the following proposals:
Proposal 1: The concept of SL PRS resource set can be introduced considering forward compatibility where each consists one or more SL PRS resource(s).
· The maximum number of SL PRS resource set shall be set as 1 in Rel-18
· At least the following parameters can be configured per resource set: SL PRS resource set ID, a list of SL PRS resources, power control related parameters (maximum transmission power, alpha, p0)
· At least the following parameters can be configured per resource: SL PRS resource ID, SL PRS comb offset, SL PRS sequence ID if it is a higher layer configured parameter
Proposal 2: For pseudorandom-based SL PRS:
· Select one of the following options regarding SL PRS sequence configuration:
· Option1: SL PRS sequence ID is configured via high layer signaling
· Option 5+6: SL PRS sequence ID is based on both source ID and destination ID, e.g. 
· Reuse the formula of DL-PRS sequence generation

Proposal 3: For SL PRS in shared or dedicated resource pools, 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, 
· Comb sizes (N) {1, 2, 4, 6, 8 ,12} are supported
· The number of SL PRS symbols can be {1, 2, 3, 4, 6, 8, 12}
· One symbol SL PRS excluding the AGC-symbol and Gap symbol should be supported
· SL PRS pattern with full staggering are supported
· (M, N) = (1, 1), (2, 2), (4, 4), (6, 6), (8, 8), FFS: (12, 12)
· SL PRS pattern with partial staggering are supported
· (1, 2), (1, 4), (2, 4), (1, 6), (2, 6), (1, 8), (2, 8), (4, 8), (1, 12), (2, 12), (4, 12) 
· The detailed RE offset sequence for SL PRS can be:
	N:comb size
	M: Number of symbols for SL PRS

	
	1
	2
	3
	4
	6
	8
	12

	1
	0
	0,0
	0,0,0
	0,0,0,0
	0,0,0,0,0,0
	0,0,0,0,0,0,0,0
	0,0,0,0,0,0,0,0,0,0,0,0

	2
	0
	0,1
	-
	0,1,0,1
	0,1,0,1,0,1
	0,1,0,1,0,1,0,1
	0,1,0,1,0,1,0,1,0,1,0,1

	4
	0
	0,2
	-
	0,2,1,3
	-
	0,2,1,3,0,2,1,3
	0,2,1,3,0,2,1,3,0,2,1,3

	6
	0
	0,3
	-
	-
	0,3,1,4,2,5
	-
	0,3,1,4,2,5,0,3,1,4,2,5

	8
	0
	-
	-
	0,4,2,6
	-
	0,4,2,6,1,5,3,7
	0,4,2,6,1,5,3,7,0,4,2,6

	12
	0
	0,6
	-
	0,6,3,9
	-
	-
	0,6,3,9,1,7,4,10,2,8,5,11


Proposal 4: 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 (gap symbol)
· One symbol after a SL PRS resource can be used
Proposal 5: For shared resource pool, with regards to SL PRS bandwidth configuration, down-select between the following two options:
· Option 1: SL PRS bandwidth is indicated in SCI;
· Option 2: SL PRS bandwidth is up to higher layer configuration in a resource pool.
Proposal 6: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools is not supported.
Proposal 7: For comb-based multiplexing of SL PRS from different UEs in a slot, with regards to the (M, N) value:
· Support using the same M value and flexibly configured N values.
Proposal 8: For TDM-based multiplexing of SL PRS from different UEs in a slot,
· Only supported in dedicated resource pool, not supported in shared resource from resource utilization perspective
· Additional AGC symbol is needed preceding each SL PRS resource
Proposal 9: For SL PRS power control, a UE determines the SL PRS transmission power  in SL PRS transmission occasion  as:
 [dBm]
Proposal 10: For a dedicated resource pool or a shared resource pool
· Dedicated resource pool: SL PRS is used as pathloss reference for OLPC.
· Shared resource pool: SL PRS transmit power is the same as that for PSSCH if those two are transmitted in the same slot
· PSSCH DMRS is used as pathloss reference if PSSCH and SL PRS are transmitted in the same slot
· SL PRS can be used as pathloss reference only if PSSCH and SL PRS are not transmitted in the same slot
Proposal 11: Transmission power control for PSCCH which associated with SL PRS in dedicated resource pool is associated with SL PRS, support one of the following options:
· Option 1: PSCCH which associated with SL PRS applies the same Tx PSD as SL PRS
· Option 2: Tx PSD of PSCCH which associated with SL PRS is equal to the sum of Tx PSD of SL PRS and an offset for more robust PSCCH transmission, i.e. 
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