3GPP TSG-RAN WG1 Meeting #114	R1-2306494
Toulouse, France, 21-25 August, 2023

Agenda Item:	9.5.1.1
Source:	Huawei, HiSilicon
Title:	Finalizing SL-PRS design
Document for:	Discussion and Decision

Introduction
In RAN1#113 [1], we have discussed a lot of issues on the design of SL-PRS pattern and power control to support SL positioning. 
In this paper, we further provide our views on the remaining issues on SL-PRS pattern and power control of SL-PRS. 

SL-PRS sequence generation 
In RAN1 113 [1], we have the following working assumption for the sequence generation of SL-PRS.
	Working assumption
· For SL PRS sequence generation, the parameter [image: ][image: ] is defined as below:
· [image: ][image: ] is provided by higher layers to a Tx UE 
· Details on higher layers, including consideration of Tx UE’s own higher layer, are up to RAN2
· The higher layer parameter is provided to an Rx UE via LPP/SLPP.
· [bookmark: OLE_LINK182]FFS: If (pre-)configured for a resource pool and use of SL PRS for sensing is supported, [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS
· Otherwise (i.e., if not provided by higher layers), [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS



Such SL PRS sequence generation mechanism fundamentally works so the WA can be confirmed. 
Furthermore, when UE is configured with multiple Tx resource pools, the sequence ID generation per resource pool is beneficial in terms of e.g., randomization. Therefore, the sequence ID provided to an Rx UE via LPP/SLPP should be per Rx pool. 
[bookmark: OLE_LINK289]Proposal 1: Confirm the WA of the SL PRS sequence generation. In particular, the sequence ID provided to the Rx UE in the LPP/SLPP shall be per Rx pool.

Remaining issues of SL-PRS pattern 
0. Time Domain Pattern
In RAN1#113 [1], the time domain pattern for SL-PRS has been discussed, and we have the following working assumption in the FL summary. In this paper, we further provide our opinions on this proposal.
	· [Working assumption] For SL PRS in a dedicated resource pool, at least the following values of ‘M’ (number of SL PRS symbols) is supported: {1, 2, 3, …, 9}. 
· FFS: For SL PRS in a dedicated resource pool, values of ‘M’ other than {1, 2, 3, …, 9}.
· FFS: For SL PRS in a shared resource pool, values of ‘M’ other than {1, 2, 4}.


For the supported number of SL PRS symbols, we support to consider the characteristic of sidelink communication system, where the available OFDM symbols within a slot span from 7 to 14. In addition to the AGC symbol, GAP symbol and symbols for PSCCH, the remaining symbols can be used for SL PRS transmission.
Considering that PSCCH occupies 2 or 3 symbols as legacy sidelink communication, the available OFDM symbols for SL PRS resource spans from 1 to 9 as Figure 1 shows.
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[bookmark: _Ref131153761][bookmark: OLE_LINK111]Figure 1: Number of available OFDM symbols for SL-PRS resources
Hence, in our opinion, the number of SL PRS symbols should support at least {1, 2, 3, …, 9}. 
Proposal 2: For SL PRS in a dedicated resource pool, at least the following values of ‘M’ (number of SL PRS symbols) is supported: {1, 2, 3, …, 9}.
For the shared resource pool, since the symbols within a slot include both PSSCH and SL PRS, we propose to limit the supported symbol number of SL PRS. In our view, the values of {1,2,4} are enough for the SL PRS resources within the shared resource pool. Hence, we do not support to introduce values other than {1, 2, 4}.
Proposal 3: For SL PRS in a shared resource pool, do not support the values of ‘M’ other than {1,2,4}.

0. AGC symbols
In last meeting, the proposal on how to generate the AGC symbol has been discussed. In this paper, we further provide our opinions on how to generate the AGC symbol.
	· When an AGC symbol is transmitted immediately preceding a SL PRS resource, consider the following options for generation of the AGC symbol:
· Alt 1: The first symbol of SL PRS is repeated to realize an AGC symbol
· Alt 2: Copy of last symbol of a SL PRS resource is used to realize an AGC symbol
· Alt 3: AGC symbol is a duplication of the expected symbol next to the final symbol of fully/partially staggered SL PRS
· Alt 4: When the first symbol is used for AGC handling, the duplication mechanism of first symbol is left to UE implementation
· Alt 5: Other alternative(s).


[bookmark: OLE_LINK176][bookmark: OLE_LINK174][bookmark: OLE_LINK175]For SL positioning, the velocity of the UE could up to 250km/h. When two UE moving at different direction, the relative speed could be up to 500km/h. The Doppler frequency shift effect should be considered to improve the positioning accuracy. With the presence of the AGC symbol, under its fundamental function of RF chain dynamic range adjustment, the additional benefits of Doppler estimation could be achieved by copying the last SL PRS symbol. Hence, we support the AGC generation method Alt. 2, i.e., copy of last symbol of a SL PRS resource is used to realize an AGC symbol.
[bookmark: OLE_LINK351][bookmark: OLE_LINK330][bookmark: OLE_LINK300][bookmark: OLE_LINK288][bookmark: OLE_LINK240]Proposal 4: For the AGC symbol generation, support Alt 2, i.e., copy of last symbol of a SL PRS resource.

0. GAP symbols
In last meeting, the agreement on the GAP symbol has been agreed. In this paper, we further provide our opinions on the FFS.
	Agreement
· In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol at least:
· if the gap symbol corresponds to the last SL symbol of a slot.
· Note: the gap can be used at least for Tx/Rx switching
· FFS: when TDM of multiple SL PRS resources within a slot is enabled in the dedicated resource pool
· FFS: Other cases.
· FFS: for SL PRS resource in a shared resource pool.


The GAP symbol in sidelink communication within a slot is used for Tx/Rx switching. Hence, when multiple SL PRS resources are TDMed within a same slot, we need to discuss whether it is possible for a UE to switch Tx/Rx between different SL PRS resources. In our view, a Rel-18 UE should only be either in the reception mode or in the transmission mode in one slot. Hence, we do not support to introduce GAP symbols between different TDMed SL PRS resources.
Proposal 5: Do not support GAP symbol between different TDMed SL PRS resources.
A UE is expected either transmit or receive SL PRS symbol in a slot, i.e. transmission-reception switch is not needed is a slot

SL-PRS slot structure
In RAN1#113 [1], SL-PRS slot structure has been discussed and we have the following agreement.
	Agreement
In a dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol unless RAN1 explicitly agrees that an AGC symbol is not included for specific cases (if any).
Agreement
· In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol at least:
· if the gap symbol corresponds to the last SL symbol of a slot.
· Note: the gap can be used at least for Tx/Rx switching
· FFS: when TDM of multiple SL PRS resources within a slot is enabled in the dedicated resource pool
· FFS: Other cases.
· FFS: for SL PRS resource in a shared resource pool.
Conclusion
TDM-ed SL PRS resources within a slot from a single UE in a dedicated/shared resource pool is not supported in Rel-18.



For dedicated resource pool, how many TDM groups of SL-PRS symbols can be supported within a slot haven’t been decided yet. As the following Figure 2, two TDM groups of SL-PRS symbols within a slot are defined, and PSCCHs within the symbol #1#2 can be used to schedule the related SL-PRS. Considering the limited symbols within a slot, only 2 or 3 sets of SL-PRS within a slot is supported. 

[image: ]
Figure 2: Two sets of SL-PRS symbols within a slot

Proposal 6: For dedicated resource pool, the number of TDM groups of SL-PRS symbols can be 1, 2 or 3, which is (pre-)configured.

SL-PRS resource TDRA for shared RP
In RAN1#113 [1] and RAN1#112bis-e [2], SL-PRS slot structure has been discussed and we have the following agreement.
	Agreement
For a shared resource pool
· A SL PRS resource refers to a time-frequency resource within a slot that is used for SL PRS transmission.
· Characteristics associated with a SL PRS resource in a slot of a shared resource pool 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
· SL PRS freq domain allocation is not used to identify a unique SL PRS resource ID
· A SL PRS resource is identified by a combination of SL PRS resource ID and a SL PRS frequency domain allocation. This combination is unique within a slot of a shared resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters

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




[image: ]
[bookmark: _Ref142054120]Figure 3: One example for different DMRS patterns with or without PSFCH in the slot

Regarding the SL-PRS symbol mapping in a slot for the shared resource pool, as shown in Figure 3, for a 14 symbols slot, the following factors will affect the available symbols for SL-PRS transmission in the slot: the AGC symbol, the (pre-)configured number of PSCCH symbols, the presence of PSFCH, the minimum number of symbols for PSSCH transmission and accordingly the DMRS symbols may vary dynamically in the PSSCH resource allocation. It is thus challenging to designate a common set of PRS resources in which at least one SL-PRS resource can avoid the collision with DMRS, and therefore a flexible TDRA field in the SCI is preferred.
Regarding the comb offset, a single comb offset should be used since no comb-based UE multiplexing is supported. Hence, the single comb offset can be associated with the resource pool.
Proposal 7: For shared resource pool, a TDRA field indicating the starting symbol and number of symbols for an SL-PRS within the PSSCH is included in the SCI-2D.
· The comb and offset value is (pre-)configured per resource pool.

To further reduce the SCI signaling overhead, the encoding of the TDRA field should exclude those symbols that cannot be used for SL-PRS transmission in the slot.  For example, the first AGC symbol in the slot and the symbols occupied by PSCCH, PSSCH DMRS, and PSFCH.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 8: For shared resource pool, the TDRA code points should exclude the SL-PRS patterns containing at least one of following symbols:  
· The first AGC symbol in the slot;
· The symbols occupied by PSCCH; 
· The symbols occupied by PSSCH DMRS;
· The symbols occupied by PSFCH if PSFCH resource in configured in the resource pool.

Utilization of DMRS in shared RP
Since PSSCH and SL-PRS are transmitted in the same slot, and mostly likely are transmitted using the same antenna at the UE side. It should be beneficial for the Rx UE to jointly use DMRS and SL-PRS for the purpose of positioning measurement, since more signal energy can be accumulated.
For the PSSCH DMRS, it can support one or two antenna ports transmission indicated in the SCI format 1-A using the field “Number of DMRS port”. If the value of the field is configured as “0”, the PSSCH DMRS is transmitted using one antenna port “1000”, and if the value of the field is configured as “1”, the PSSCH DMRS is transmitted using two antenna ports “1000” and “1001”, as shown in the following Table 3.
[bookmark: _Ref142377137]Table 3: Number of DMRS port(s)
	Value of the Number of DMRS port field
	Antenna ports

	0
	1000

	1
	1000 and 1001



[bookmark: OLE_LINK177][bookmark: OLE_LINK180][bookmark: OLE_LINK181][bookmark: OLE_LINK178][bookmark: OLE_LINK179]From our understanding, the SL-PRS should only support one antenna port transmission as the DL-PRS, and SCI can be used to indicate the association information between SL-PRS antenna port and PSSCH DMRS antenna port to the Rx UE. For example, if the SL-PRS and PSSCH DMRS using the same antenna port, the UE may use PSSCH DMRS and SL-PRS for joint processing, e.g. Doppler estimate, and positioning measurement. 
Hence, we propose to introduce a field in the SCI to indicate the association information of SL-PRS and PSSCH DMRS.
Proposal 9: Support to introduce the association information of the same antenna port between SL-PRS and PSSCH DMRS for joint processing.

Power control for SL-PRS 
In RAN1#112bis-e [2] and RAN1#113[1], SL-PRS power control has been discussed and we have the following agreement.
	[bookmark: OLE_LINK215]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
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 SL pathloss-based OLPC for SL PRS in unicast, filtered RSRP is reported by a receiving UE.

Agreement
For a shared resource pool, SL PRS transmit power is same as that for PSSCH.



0. Dedicated RP
For the dedicated resource pool, the SL-PRS will be transmitted without PSSCH, so using PSSCH DMRS for pathloss reference is meaningless.
Given that SL-PRS is wideband and SL PRS-RSRP is anyway measured as the positioning measurement, SL-PRS as pathloss reference RS for the target SL-PRS is the best candidate.
[bookmark: OLE_LINK290]Proposal 10: For dedicated resource pool, support SL-PRS is used as the pathloss reference for OLPC for SL PRS (Option 1 from RAN1 #112bis-e meeting).

0. Shared RP
There are some discussions about the SL-PRS transmission power with priority which is associated with . In general, the SL-PRS priority could be different from that of the SL-SCH (data). In our view, the priority determination can be performed in higher layers for the purpose of resource selection, and only a single priority value is available in PHY.
Proposal 11: For shared resource pool, a single priority value provided by higher layers is used to determine the PSSCH and SL-PRS transmission power.
· The priority is the one indicated in SCI 1A.
· Send an LS to RAN2 asking them to design priority selection in higher layer for shared RP when SL-SCH and SL-PRS have different priorities.

Power control for PSCCH in the dedicated RP
[bookmark: OLE_LINK169][bookmark: OLE_LINK170]According to the reply LS R4-1906062, for AGC time is around 35us for 15kHz and 30kHz, and 18us for 60kHz. When there is power change a transient period is needed. The transient period can be 2, 4 or 7us[TS 38.101] according to UE capability, if no capability is signaled, the default transient period value is 10us. 
[bookmark: OLE_LINK239]Observation: At most 10 us is needed as a transient period if the PSCCH transmission power is different with the SL-PRS transmission power. 
[bookmark: OLE_LINK171][bookmark: OLE_LINK172][bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK168][bookmark: OLE_LINK173]In order to avoid reserving the transient period, under certain conditions, the transmission power for PSCCH and for the associated SL-PRS can be determined jointly, i.e., by using the same transmission power for both the PSCCH symbol and the SL-PRS symbol.
[bookmark: OLE_LINK165]Proposal 12: For the power control of PSCCH and SL-PRS in the dedicated RP, support keeping the same transmission power for the PSCCH symbol and for the SL-PRS symbol under the limit of the max PSCCH transmission power.
On the other hand, always keeping the same symbol-level transmit power may result in large PSD of PSCCH as the PSCCH bandwidth is much smaller than the SL-PRS, and thus it may either fail the OOB requirement or force reducing SL-PRS transmission power resulting in inaccurate positioning measurement. Therefore, a maximum PSCCH transmit power could be pre-configured to ensure that PSCCH is not over-power boosted.
[bookmark: OLE_LINK241]Proposal 13: A maximum PSCCH transmit power is (pre-)configured for the dedicated RP.
The overall PSCCH power control mechanism can be written as

where  is power of SL-PRS, and is transmission occasion.
[bookmark: OLE_LINK242][bookmark: OLE_LINK243]Proposal 14: Adopt the following power control mechanism for PSCCH in the dedicated RP:
, where  is the SL-PRS transmission power in transmission occasion and  is the configured maximum PSCCH transmission power in the dedicated RP. 

Conclusion
In this contribution, we provide our views on the remaining issues of SL-PRS design and power control of SL-PRS. Based on the discussion, we have the following observation and proposals.
Observation: At most 10 us is needed as a transient period if the PSCCH transmission power is different with the SL-PRS transmission power. 
Proposal 1: Confirm the WA of the SL PRS sequence generation. In particular, the sequence ID provided to the Rx UE in the LPP/SLPP shall be per Rx pool.
Proposal 2: For SL PRS in a dedicated resource pool, at least the following values of ‘M’ (number of SL PRS symbols) is supported: {1, 2, 3, …, 9}.
Proposal 3: For SL PRS in a shared resource pool, do not support the values of ‘M’ other than {1,2,4}.
Proposal 4: For the AGC symbol generation, support Alt 2, i.e., copy of last symbol of a SL PRS resource.
Proposal 5: Do not support GAP symbol between different TDMed SL PRS resources.
A UE is expected either transmit or receive SL PRS symbol in a slot, i.e. transmission-reception switch is not needed is a slot
Proposal 6: For dedicated resource pool, the number of TDM groups of SL-PRS symbols can be 1, 2 or 3, which is (pre-)configured.
Proposal 7: For shared resource pool, a TDRA field indicating the starting symbol and number of symbols for an SL-PRS within the PSSCH is included in the SCI-2D.
· The comb and offset value is (pre-)configured per resource pool.
Proposal 8: For shared resource pool, the TDRA code points should exclude the SL-PRS patterns containing at least one of following symbols:  
· The first AGC symbol in the slot;
· The symbols occupied by PSCCH; 
· The symbols occupied by PSSCH DMRS;
· The symbols occupied by PSFCH if PSFCH resource in configured in the resource pool.
Proposal 9: Support to introduce the association information of the same antenna port between SL-PRS and PSSCH DMRS for joint processing.
Proposal 10: For dedicated resource pool, support SL-PRS is used as the pathloss reference for OLPC for SL PRS (Option 1 from RAN1 #112bis-e meeting).
Proposal 11: For shared resource pool, a single priority value provided by higher layers is used to determine the PSSCH and SL-PRS transmission power.
· The priority is the one indicated in SCI 1A.
· Send an LS to RAN2 asking them to design priority selection in higher layer for shared RP when SL-SCH and SL-PRS have different priorities.
Proposal 12: For the power control of PSCCH and SL-PRS in the dedicated RP, support keeping the same transmission power for the PSCCH symbol and for the SL-PRS symbol under the limit of the max PSCCH transmission power.
Proposal 13: A maximum PSCCH transmit power is (pre-)configured for the dedicated RP.
Proposal 14: Adopt the following power control mechanism for PSCCH in the dedicated RP:
[bookmark: _GoBack], , where  is the SL-PRS transmission power in transmission occasion and  is the configured maximum PSCCH transmission power in the dedicated RP.
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