[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #113  	          	     		R1-2305634
May 22 – 26, 2023
_____________________________________________________________________Agenda item: 9.5.1.1
Source: LG Electronics
Title: 	Discussion on SL positioning reference signal
Document for: Discussion and decision
1. Introduction
The following agreements on SL positioning reference signal were made in RAN1#112bis-e meeting.
	Agreement
For SL PRS sequence generation, no additional parameters other than the following input parameters are used: slot number, symbol number, and the parameter .

Agreement
TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.

Agreement
SL PRS resource sets are not defined in Rel-18. 

Agreement
(M, N) patterns with M > N with full staggering are supported. 
· In the last (M-N) symbols, the SL PRS symbols are repeated with same order of comb offsets as in the first N symbols.

Agreement
An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.

Agreement
For the SL PRS open-loop power control, a UE can be configured to use DL pathloss (between TX UE and gNB) only, SL pathloss (between TX UE and RX UE) only, or both DL pathloss and SL pathloss.
· The same principle as for PSSCH power control is applied for deciding which (i.e., SL, DL, or SL and DL) pathloss to use.
· FFS: SL pathloss reference for open-loop power control for SL PRS.

Agreement
At least for dedicated SL PRS resource pools, in addition to already-agreed (M, N) = (2, 2), (4, 4), fully staggered pattern with (M, N) = (6, 6) is supported. 
· FFS: Other values of (M, N).
· FFS: Applicability to shared resource pools.

Agreement
· A SL PRS resource refers to a time-frequency resource within a slot of a dedicated SL PRS resource pool that is used for SL PRS transmission.
· FFS: for a shared resource pool
· Characteristics associated with a SL PRS resource include at least: 
· SL PRS resource ID, 
· SL PRS comb offset and associated SL PRS comb size (N), 
· SL PRS starting symbol and number of SL PRS symbols (M),
· SL PRS frequency domain allocation,
· Note: Additional parameters can be included as/when identified.
· FFS: other time domain aspects, if any
· A SL PRS resource is identified by a SL PRS resource ID that is unique within a slot of a dedicated SL PRS resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters

Agreement
For SL PRS sequence generation, one of the following options is down-selected to define the parameter  :
· Option 1:  is a higher layer parameter.
· FFS: How the higher layer parameter is obtained, e.g., (pre-)configuration or via LPP/SLPP, etc.
· Option 2:  is based on 12 LSB bits CRC of PSCCH associated with the SL PRS. 
· Option 3: based on a combination of higher layer parameter from a configured ID list and 12 LSB bits of CRC of PSCCH associated with the SL PRS. 
· FFS: How the higher layer parameter/ID list is determined/obtained, e.g., (pre-)configuration or via LPP/SLPP, etc.

Agreement
For a dedicated SL PRS resource pool, options for SL pathloss reference for OLPC for SL PRS are (to be down-selected from):  
· Option 1: SL PRS as pathloss reference
· Option 2: PSCCH DMRS as pathloss reference
· Option 3: Both Options 1 and 2
· FFS: Selection between Option 1 and Option 2, including (pre-)configuration.

Agreement
For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s).

Agreement
For SL pathloss-based OLPC for SL PRS in unicast, filtered RSRP is reported by a receiving UE.

Conclusion
For a partially staggered SL PRS pattern (M, N), repetition of a partially staggered SL PRS pattern (M, N) in a slot is not supported.



In this contribution, we discuss the solutions for SL PRS design, the structure of SL positioning slot, and SL PRS transmission power control.
2. SL PRS
	Agreement
For SL PRS sequence generation, one of the following options is down-selected to define the parameter  :
· Option 1:  is a higher layer parameter.
· FFS: How the higher layer parameter is obtained, e.g., (pre-)configuration or via LPP/SLPP, etc.
· Option 2:  is based on 12 LSB bits CRC of PSCCH associated with the SL PRS. 
· Option 3: based on a combination of higher layer parameter from a configured ID list and 12 LSB bits of CRC of PSCCH associated with the SL PRS. 
· FFS: How the higher layer parameter/ID list is determined/obtained, e.g., (pre-)configuration or via LPP/SLPP, etc.


In RAN1#112bis-e meeting, there were discussions on three options above regarding the SL PRS sequence ID determination. In the legacy DL positioning, DL PRS sequence ID is configured by the network. In SL positioning, it may be impossible that SL PRS sequence ID is configured by the network especially when UE is out of the network coverage.
Regarding the option 1 above, it is unclear what the higher layer means. If it means the network configuration, it cannot cover the out-of-coverage case. If it means UE’s own higher layer, SL PRS sequence ID is determined by UE implementation without any rule or network configuration, which is not desirable from the orthogonalization perspective. With the same reason, option 3 cannot be the best option.
Option 2 is based on the legacy mechanism used for SL DMRS sequence generation. In this sense, it’s proven and can be recommended for SL PRS sequence generation. We originally proposed to determine SL PRS sequence ID based on the CRC field of the 2nd-stage SCI, which contains the source and destination ID, for orthogonalization purpose. But as the group agreed not to use the 2nd-stage SCI for SL PRS transmission in a dedicated resource pool, we can accept option 2 as the second best alternative. As UE should anyway decode PSCCH for SL PRS reception, it’s quite natural to use the CRC field of PSCCH for SL PRS sequence detection.
Proposal 1: SL PRS sequence ID is determined based on the 12 LSB bits CRC field of the 1st SCI associated with SL PRS.
In RAN1#112bis-e meeting, there were agreements about the supported SL PRS comb size and the combination of the number of symbols M and the comb size N of the comb pattern, as follows.
	Agreement
At least for dedicated SL PRS resource pools, in addition to already-agreed (M, N) = (2, 2), (4, 4), fully staggered pattern with (M, N) = (6, 6) is supported. 
· FFS: Other values of (M, N).
· FFS: Applicability to shared resource pools.


As for the dedicated resource pool, there was a discussion whether the comb size {1} needs to be supported or not. In our opinion, the comb size {1} is beneficial for a short latency SL positioning service while maintaining the maximum transmission path resolution for positioning accuracy. In addition, it is already supported in a shared resource pool. Therefore, we think the comb size {1} should also be supported in a dedicated resource pool.
In a dedicated resource pool, the number of symbols of PSCCH for SL positioning can be less than that of PSCCH for the legacy SL communication. In SL communication, 2 or 3 symbols can be configured for PSCCH. However, since the bandwidth of the dedicated resource pool is relatively large, only a single symbol can be possible for PSCCH in SL positioning. If there are 2 PSCCH symbols, excluding AGC and TX/RX turnaround gap symbol, 10 symbols are available for SL PRS transmission. As a consequence, we support the comb size {10} in a dedicated resource pool.
As the maximum comb size equals {10}, we also support the comb size {8} in addition to other smaller number of {2, 4, 6} in a dedicated resource pool.
Proposal 2: For a dedicated resource pool, the comb sizes N={1, 8, 10} are additionally supported.
Following the agreement in RAN1#112 meeting, we support all the fully staggered patterns corresponding to the supported comb sizes. We therefore support the fully staggered patterns for comb sizes={1, 6, 8, 10} in a dedicated resource pool.
Proposal 3: For a dedicated resource pool, the fully staggered patterns (M,N)=(1,1), (8,8), (10,10) are additionally supported.
There were discussions whether there needs to be a constraint on the maximum effective comb size when the number of SL PRS symbols M is less than the comb size N. In our opinion, there is no special needs on such restriction considering that the distance between UEs for SL positioning is relatively shorter than that for Uu link positioning. Depending on the use case and the requirement, a smaller number of SL PRS symbols should be supported for a short latency SL positioning service.
Regarding the number of symbols M for the comb size N in a partially staggered pattern, any even number can be used for simplicity of the comb RE offset rule.
Proposal 4: For a dedicated resource pool, there is no constraints on the maximum effective comb size for partially staggered pattern. Any even numbers M less than N are supported, including:
· (M,6) with M={2,4}
· (M,8) with M={2,4,6}
· (M,10) with M={2,4,6,8}
In a shared resource pool, for the legacy SL communication UE to be able to perform sensing without any restriction on DMRS for RSRP measurement, it’s desirable that PSSCH DMRS be transmitted in a slot where SL PRS is transmitted, as configured in a shared resource pool. According to the number of PSSCH DMRS symbols per configuration, the number of symbols available for SL PRS transmission is listed in Table 1. As shown in the table, the number of symbols available for SL PRS transmission except PSCCH, PSSCH and DMRS symbols vary from 3 to 8. Therefore, we support the comb size {6, 8} in a shared resource pool.
[bookmark: _Ref131602945]Table 1 Number of SL symbols available for SL PRS transmission
	Number of SL symbols
	2 PSCCH symbols
	3 PSCCH symbols

	
	Number of PSSCH DMRS symbols
	Number of PSSCH DMRS symbols

	
	2
	3
	4
	2
	3
	4

	6
	3
	
	
	1
	
	

	7
	4
	
	
	2
	
	

	8
	5
	
	
	3
	
	

	9
	4
	4
	
	3
	3
	

	10
	5
	5
	
	4
	4
	

	11
	6
	6
	5
	5
	5
	4

	12
	7
	7
	6
	6
	6
	5

	13
	8
	8
	7
	7
	7
	6


Proposal 5: For a shared resource pool, the comb sizes N={6, 8} are additionally supported.
Similar to the case in a dedicated resource pool, the fully staggered comb patterns corresponding to all the comb sizes are supported in a shared resource pool.
Proposal 6: For a shared resource pool, the fully staggered patterns (M,N)=(1,1), (6,6), (8,8) are additionally supported.
Similar to the case in a dedicated resource pool, there is no special needs on the restriction on the maximum effective comb size in a partially staggered comb pattern in a shared resource pool. Regarding the number of symbols M for the comb size N in a partially staggered pattern, any even number can be used for simplicity of the comb RE offset rule.
Proposal 7: For a shared resource pool, there is no constraints on the maximum effective comb size for partially staggered pattern. Any even numbers M less than N are supported, including:
· (M,6) with M={2,4}
· (M,8) with M={2,4,6}
There was FFS point regarding the comb RE offset sequences of SL PRS. At least for the fully staggered patterns, the comb RE offsets defined for DL PRS and UL SRS can be reused for the comb size={2,4,6} and {8} respectively. Regarding the comb size={10}, a similar rule used for DL PRS and UL SRS can be used for defining the comb RE offsets for the fully staggered patterns. We propose the comb RE offset according to the comb size for the fully staggered pattern, as shown in Table 2.
[bookmark: _Ref131603411]Table 2 Comb RE offset for the fully staggered patterns
	Comb size
	Symbol number within the sidelink PRS resource

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	0
	1
	
	
	
	
	
	
	
	

	4
	0
	2
	1
	3
	
	
	
	
	
	

	6
	0
	3
	1
	4
	2
	5
	
	
	
	

	8
	0
	4
	2
	6
	1
	5
	3
	7
	
	

	10
	0
	5
	2
	7
	3
	8
	1
	6
	4
	9


For the fully staggered comb pattern,
· if the number of symbols of the fully staggered SL PRS is less than the number of symbols available in a slot when TDM of SL PRS resources are not allowed in a resource pool, or
· if the number of symbols of the fully staggered SL PRS is less than the number of symbols available in a TDM duration,
the remaining symbols in a slot or in a TDM duration not used for the fully staggered SL PRS can be filled with the repeated SL PRS symbols by (pre-)configuration.
In the case above, the comb RE offsets of the repeated SL PRS symbols follow the same comb RE offset of the original fully staggered pattern, as shown in Table 2. For example, if there are 10 available symbols for SL PRS transmission in a slot, and the fully staggered comb pattern with comb size=4 is (pre-)configured, the resultant comb RE offsets with repetition in a slot will be {0,2,1,3, 0,2,1,3, 0,2}.
Proposal 8: For the fully staggered comb pattern, if the (pre)configured SL PRS pattern does not fill a slot or TDM duration, it is supported that SL PRS symbols can be repeated to fill the slot or TDM duration, with the same order of the comb RE offset of the fully staggered comb pattern.
For the partially staggered comb pattern,
· if the number of symbols of the partially staggered SL PRS is less than the number of symbols available in a slot when TDM of SL PRS resources are not allowed in a resource pool, or
· if the number of symbols of the partially staggered SL PRS is less than the number of symbols available in a TDM duration,
the remaining symbols in a slot or in a TDM duration not used for the partially staggered SL PRS can be filled with the repeated SL PRS symbols by (pre-)configuration.
In the case above, there are two ways of repetition. In the first way, the partially staggered SL PRS symbols are simply repeated. This way has a benefit of the improved SL PRS reception due to SINR gain through combining. In the second way, the partially staggered SL PRS symbols can be expanded toward the fully staggered SL PRS, according to the comb RE offset order of the fully staggered SL PRS. If there are still remaining symbols after expansion, the same repetition rule in the fully staggered SL PRS case can be applied. This way has a benefit of the improved positioning accuracy because of the enhanced reception path resolution due to the expanded staggered pattern.
For example, if there are 10 available symbols for SL PRS transmission in a slot, and the partially staggered comb pattern with (M,N)=(4,8) is (pre-)configured, the resultant comb RE offsets if the first way is {0,4,2,6, 0,4,2,6, 0,4}. The second way results in the repeated SL PRS symbols with RE offsets {0,4,2,6, 1,5,3,7, 0,4} We think that both ways have their own benefits and can be supported by (pre-)configuration.
Proposal 9: For the partially staggered comb pattern, if the (pre)configured SL PRS pattern does not fill a slot or TDM duration, it is supported that SL PRS symbols can be repeated to fill a slot or a TDM duration, with expansion toward the fully staggered SL PRS and its repetition
3. SL PRS slot structure
During the SI phase, there were discussions on the definition of SL PRS resource. Our understanding on the SL PRS resource is similar to DL PRS resource defined for DL positioning. Based on the DL PRS resource defined in the conventional DL positioning method, we can define SL PRS resource as a set of resources for a single sample or instance of measurement. That is, the SL PRS resource is defined according to the SL PRS comb size, SL PRS RE offset, and the number of symbols for SL PRS. This is the single instance as a minimum resource unit for SL positioning measurement. The SL PRS resources can be repeated or multiplexed within a slot.
Proposal 10: SL PRS resource is defined as a set of SL resources, which is used for the measurement of a single sample/instance of SL PRS.
In SL communication, the basic unit of SL transmission and reception is a slot (except PSFCH within a slot). A slot can be used for either transmission or reception according to the sensing results in SL mode-2 or scheduling in SL mode-1. Therefore, there is always one AGC symbol at the start of a SL slot, so that RX-UE can adapt its AGC gain before receiving PSCCH/PSSCH of the slot. Also there is always one TX/RX turnaround gap symbol at the end of a slot, so that UE can prepare its RF module functionality for transmission or reception.
If the multiplexing of SL PRS resources from different UEs is allowed in a resource pool, each SL PRS resource within a slot can be used for either transmission or reception according to the sensing results in scheme-2 or scheduling in shceme-1. In this case, with the similar reason above, there should always be AGC time duration before the start of SL PRS resource. In our opinion, it is sufficient to have one AGC symbol for AGC time duration in SL positioning. One AGC symbol is also compatible for SL communication slot, considering SL PRS transmission in a shared resource pool. 
If the multiplexing of SL PRS resources from different UEs is allowed in a resource pool, with similar reason, there should always be TX/RX turnaround time duration after the end of SL PRS resource. In our opinion, it is sufficient to have one TX/RX turnaround gap symbol for RF module switching in SL positioning. One TX/RX turnaround gap symbol is also compatible for SL communication slot, considering SL PRS transmission in a shared resource pool, as shown in Figure 1.
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[bookmark: _Ref115340921]Figure 1. SL PRS resource and AGC & TX/RX turnaround symbol
Proposal 11: If the multiplexing of SL PRS resources from different UEs within a slot is allowed in a resource pool, one AGC symbol is located before every SL PRS resource.
Proposal 12: If the multiplexing of SL PRS resources from different UEs within a slot is allowed in a resource pool, one TX/RX turnaround gap symbol is located after every SL PRS resource.
If the multiplexing of SL PRS resources from different UEs is not allowed in a resource pool, there is no reason of having such AGC symbol and TX/RX turnaround gap symbol as described above. AGC symbol at the beginning of a slot and TX/RX turnaround gap symbol at the end of a slot are sufficient.
Proposal 13: If the multiplexing of SL PRS resources from different UEs within a slot is NOT allowed in a resource pool, no AGC symbol is located before every SL PRS resource.
Proposal 14: If the multiplexing of SL PRS resources from different UEs within a slot is NOT allowed in a resource pool, no TX/RX turnaround gap symbol is located after every SL PRS resource.
One issue discussed in SI phase is how to fill the AGC symbol before every SL PRS resource. In SL communication, the very first symbol of PSCCH is copied as AGC symbol. In SL positioning, a smarter way of constructing AGC symbol may help to improve the SL positioning performance.
First, if an advance UE has an RF module that enables AGC time less than one symbol duration, some part of AGC symbol can be used for SL positioning as SL PRS function. Second, in the situation above, a copy of one of the SL PRS symbol is helpful for phase tracking, especially when there is no repetition of SL PRS within a slot.
To meet both goals above, we can think of two possibilities. In a first way, the copy of the last symbol of SL PRS can be used for AGC symbol. Definitely it repeats the comb pattern of the last SL PRS symbol, which should be helpful for phase tracking purpose. In a second way, the ‘cyclically-rotated’ comb pattern can be used for AGC symbol. For example, if a comb size=4 and a partially-staggered SL PRS with 2 symbols is used, the RE offsets of the symbols in order are {0, 2}. The RE offsets of a fully-staggered pattern would be {0, 2, 1, 3}. In this case, AGC symbol is made up of the last RE offset pattern (RE offset=3) of the fully-staggered pattern, so that the transmitted signal can be part of the ‘cyclic extension’ of the fully-staggered SL PRS – the red part of the RE offsets {0, 2, 1, 3, 0, 2, 1, 3}. The example of AGC symbol is shown in Figure 2.
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[bookmark: _Ref127531977]Figure 2. AGC symbol as a cyclic extension of comb pattern
Proposal 15: AGC symbol is filled with:
· Opt 1. the copy of the last SL PRS symbol
· Opt 2. the last symbol of the fully-staggered comb pattern corresponding the comb size
There were discussions in RAN1#112 meeting on whether there are any restrictions of the SL PRS configuration when TDM of SL PRS resources is allowed in a resource pool. We can discuss this issues in the following paragraphs.
	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


One issue of TDM of SL PRS resources within a slot is related to AGC function. In one example of Figure 3, four SL PRS resources are being transmitted and received among UEs within a slot. The yellow, green an blue SL PRS resources are constructed with 2 SL PRS symbols, and the orange SL PRS resource is with 4 SL PRS symbols. If UE2 receives the orange SL PRS resource, it adapts its AGC gain based on the AGC symbol associated with the orange SL PRS resource. However, from the 3rd orange symbol timing, the yellow SL PRS resource is transmitted, and during the 3rd orange symbol, UE2 suffers saturated input signals due to lack of AGC time duration over the changed input signal level. UE1 has no such AGC issue because there is no input signal level change during the yellow SL PRS resource. To avoid such problem, the number of SL PRS resources that are TDMed within a slot needs to be same.
[image: ]
[bookmark: _Ref127450372]Figure 3. TDM example of SL PRS resources with different start position within a slot
In another example of Figure 4, four SL PRS resources are being transmitted and received among UEs within a slot. Though those four SL PRS resources have the same number of SL PRS symbols (=4 symbols), UE1 receiving the yellow SL PRS resource still suffers the AGC problem explained above. The reason of AGC issue in this example comes from the misaligned start positions of the TDMed SL PRS resources. To avoid such problem, the start of the SL PRS resources that are TDMed within a slot needs to be aligned.
[image: ]
[bookmark: _Ref127450388]Figure 4. TDM example of SL PRS resources with misaligned start positions among SL PRS resources
More flexible way of TDM is shown in Figure 5, where two different number of SL PRS symbols (4 and 6 symbols) are TDMed within a slot. Different from the example in Figure 3, UE2 does not suffer the AGC problem explained above. However, UE2 suffers the input signal level changing from high to low from the 4th orange symbol, which sacrifices the input signal dynamic range of the AGC function. This may slightly degrade the ACG performance, though the overall SL PRS detection performance may not be seriously degraded.
[image: ]
[bookmark: _Ref127450400]Figure 5. TDM example of SL PRS resources with different number of SL PRS symbols
To avoid such AGC issues with TDMed SL PRS resources, the candidate positions of SL PRS resources in a slot should be determined as fixed according to the number of the symbols of SL PRS resource in a slot. The sensing should be done over the candidate SL PRS resource position basis. Depending on the sensing results, a specific candidate SL PRS resource position can be or cannot be used for SL PRS transmission.
Proposal 16: The candidate positions of SL PRS resource in a slot are determined based on the number of symbols of SL PRS resource.
From the discussions above, it’s obvious that only one number of SL PRS symbols is allowed for transmission in a slot. There could be several possibilities to implement this operation. One number of SL PRS symbols as a part of SL PRS configuration can be (pre)configured per slot, which may be too complex and overhead-demanding for configuration. Or one number of SL PRS symbols can be (pre)configured per resource pool, which seems too restrictive from SL positioning service perspective.
A more flexible but relaxed TDM of SL PRS resources is to allow SL PRS resources having the number of symbols smaller than the maximum number of SL PRS symbols within a slot, if the start positions of SL PRS resources are aligned with others. In this case, multiple SL PRS configurations can be (pre)configured in a resource pool, and a part of such configurations can be allowed in a slot as long as the start timing alignment between SL PRS resources is satisfied. How this operation can achieved can be further investigated.
Proposal 17: The start positions of SL PRS resources that are TDMed within a slot are aligned between UEs.
4. Power control
One issue of OLPC of SL PRS transmission is SL pathloss estimation. In SL communication, SL pathloss is calculated from the estimated PSSCH DMRS RSRP, which is the output value of the layer-3 filter. In SL positioning, RSRP can be measured not only based on PSSCH DMRS but also on SL PRS. As the number of resources of SL PRS is much larger than that of PSSCH DMRS, it’s reasonable to consider SL PRS RSRP for SL pathloss estimation.
Proposal 18: SL PRS RSRP can be used for SL pathloss estimation.
In a dedicated resource pool, when PSCCH carrying SCI associated with SL PRS is transmitted with SL PRS in the same slot, the number of DMRS resources of PSCCH can be quite small due to the small number of PSCCH symbols and a limited PSCCH bandwidth. To improve the SL pathloss estimation quality, it can be (pre)configured whether to use SL PRS or PSCCH DMRS for SL pathloss estimation.
Proposal 19: SL PRS or PSCCH DMRS can be (pre)configured to be used as SL reference signal for SL pathloss estimation.
If UE’s simultaneous transmission of the multiple SL PRS resources with the different RE offset in a slot is allowed, there is an issue how to divide the total transmission power among the different SL PRS resources. In SL communication, when the multiple PSFCHs are transmitted simultaneously, there are some rules how to assign the transmission power and which transmission of PSFCH is to be dropped. Similarly a certain rule is necessary for the simultaneous transmission of the multiple SL PRS resources in SL positioning.
Proposal 20: Further study is needed for SL PRS power control when comb-based multiplexed multiple SL PRS resources are transmitted by a single UE.
When SL PRS and the associated PSCCH/PSSCH are transmitted in a same slot, there is an issue on how to align the transmission powers of SL PRS and PSCCH/PSSCH. If the total symbol power is to be aligned, depending on the comb size, the EPRE of SL PRS can be much higher than that of PSCCH/PSSCH in frequency domain. It may require a transition period between PSCCH/PSSC and SL PRS. If the EPRE is to be aligned, the total power of SL PRS can be much lower than that of PSCCH/PSSCH in time domain. It may cause the reduction of the SL PRS coverage, which is not desirable from the SL positioning service QoS. How to align the transmission power between two kinds of signals needs further study in this regard.
Proposal 21: Further study is needed whether EPRE or the total symbol power is same between PSCCH/PSSCH and SL PRS, if they are transmitted in a same slot.
If SL PRS and the associated PSCCH/PSSCH are transmitted in a same resource pool, a slot can be used either for SL PRS transmission or for the associated PSCCH/PSSCH transmission. If the transmission resource is selected by UE based on sensing, there are possibilities of resource conflict due to improper sensing results. The interference from SL PRS to PSSCH/PSSCH can be significantly high if a large com size is used and resultantly the power of SL PRS RE is highly boosted.
One possible solution to avoid or minimize such interference is to adjust the EPRE of SL PRS resource according to the MCS of the reserved PSCCH/PSSCH based on sensing. If the reserved transmission of PSCCH/PSSCH uses a higher value of MCS, the EPRE of SL PRS resource can be adjusted to a relatively low level to reduce a potential interference level.
Proposal 22: SL PRS power control for coexistence with SL communication in a shared resource pool needs to be investigated.
5. Conclusions
In this contribution, the solutions for SL PRS design, the structure of SL positioning slot, and SL PRS transmission power control were discussed. The following proposals were made as a conclusion.
Proposal 1: SL PRS sequence ID is determined based on the 12 LSB bits CRC field of the 1st SCI associated with SL PRS.
Proposal 2: For a dedicated resource pool, the comb sizes N={1, 8, 10} are additionally supported.
Proposal 3: For a dedicated resource pool, the fully staggered patterns (M,N)=(1,1), (8,8), (10,10) are additionally supported.
Proposal 4: For a dedicated resource pool, there is no constraints on the maximum effective comb size for partially staggered pattern. Any even numbers M less than N are supported, including:
· (M,6) with M={2,4}
· (M,8) with M={2,4,6}
· (M,10) with M={2,4,6,8}
Proposal 5: For a shared resource pool, the comb sizes N={6, 8} are additionally supported.
Proposal 6: For a shared resource pool, the fully staggered patterns (M,N)=(1,1), (6,6), (8,8) are additionally supported.
Proposal 7: For a shared resource pool, there is no constraints on the maximum effective comb size for partially staggered pattern. Any even numbers M less than N are supported, including:
· (M,6) with M={2,4}
· (M,8) with M={2,4,6}
Proposal 8: For the fully staggered comb pattern, if the (pre)configured SL PRS pattern does not fill a slot or TDM duration, it is supported that SL PRS symbols can be repeated to fill the slot or TDM duration, with the same order of the comb RE offset of the fully staggered comb pattern.
Proposal 9: For the partially staggered comb pattern, if the (pre)configured SL PRS pattern does not fill a slot or TDM duration, it is supported that SL PRS symbols can be repeated to fill a slot or a TDM duration, with expansion toward the fully staggered SL PRS and its repetition
Proposal 10: SL PRS resource is defined as a set of SL resources, which is used for the measurement of a single sample/instance of SL PRS.
Proposal 11: If the multiplexing of SL PRS resources from different UEs within a slot is allowed in a resource pool, one AGC symbol is located before every SL PRS resource.
Proposal 12: If the multiplexing of SL PRS resources from different UEs within a slot is allowed in a resource pool, one TX/RX turnaround gap symbol is located after every SL PRS resource.
Proposal 13: If the multiplexing of SL PRS resources from different UEs within a slot is NOT allowed in a resource pool, no AGC symbol is located before every SL PRS resource.
Proposal 14: If the multiplexing of SL PRS resources from different UEs within a slot is NOT allowed in a resource pool, no TX/RX turnaround gap symbol is located after every SL PRS resource.
Proposal 15: AGC symbol is filled with:
· Opt 1. the copy of the last SL PRS symbol
· Opt 2. the last symbol of the fully-staggered comb pattern corresponding the comb size
Proposal 16: The candidate positions of SL PRS resource in a slot are determined based on the number of symbols of SL PRS resource.
Proposal 17: The start positions of SL PRS resources that are TDMed within a slot are aligned between UEs.
Proposal 18: SL PRS RSRP can be used for SL pathloss estimation.
Proposal 19: SL PRS or PSCCH DMRS can be (pre)configured to be used as SL reference signal for SL pathloss estimation.
Proposal 20: Further study is needed for SL PRS power control when comb-based multiplexed multiple SL PRS resources are transmitted by a single UE.
Proposal 21: Further study is needed whether EPRE or the total symbol power is same between PSCCH/PSSCH and SL PRS, if they are transmitted in a same slot.
Proposal 22: SL PRS power control for coexistence with SL communication in a shared resource pool needs to be investigated.
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