[bookmark: _Hlk114691757][bookmark: OLE_LINK13][bookmark: OLE_LINK24][bookmark: OLE_LINK34][bookmark: OLE_LINK12][bookmark: OLE_LINK33]3GPP TSG RAN WG1 #115                                            R1-2311458
Chicago, USA, November 13th – November 17th, 2023

Source:	ZTE
Title:	Maintenance on resource allocation for SL positioning reference signal 
[bookmark: _GoBack]Agenda item:	8.3.1.3
Document for:	Discussion and Decision
[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. 
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].


The basic enhancement of NR Rel-18 positioning has been finished from RAN1 perspective including the feature of resource allocation for SL positioning reference signal, and the initial versions of RAN1 specifications including TS 38.211, 38.212, 38.213, 38.214 and 38.215 have been approved in RAN#101 meeting.
In this contribution, we provide our views on remaining issues for SL-PRS resource allocation.
Discussion
2.1 Congestion control
	Agreement
In Scheme 2, 
· For a dedicated resource pool for positioning, 
· congestion control can restrict at least the following range of parameters for SL PRS configuration per resource pool by CBR and priority:
· Maximum SL PRS transmission power
· Maximum Number of SL PRS (re-)transmissions
· Discuss further the following four SL PRS transmission parameters: 
· Minimum Periodicity of SL PRS
· Maximum Number of SL PRS resources in a slot
· Maximum comb-size of a SL PRS resource in a slot
· Maximum Number of OFDM symbols of a SL PRS resource in a slot
· For congestion control similar to legacy, the CR limits are (pre)-configured per priority in a resource pool
· Note: Similar to SL communication how to achieve the CR limit is left to UE implementation. 
· For a shared resource pool for positioning, the SL PRS can share the same restriction of PSSCH without specific enhancement in addition to what is already specified.
Conclusion
For a dedicated resource pool, no more discussion on potential restriction by SL PRS-CBR and priority for the following SL PRS transmission parameters:
· Maximum Number of SL PRS resources in a slot
· Maximum comb-size of a SL PRS resource in a slot
· Maximum Number of OFDM symbols of a SL PRS resource in a slot
Agreement
· With regards to the SL PRS Channel Occupancy Ratio (SL PRS CR): 
· Sidelink PRS Channel Occupancy Ratio (SL PRS CR) evaluated at slot n is defined as the total number of SL PRS resources in the dedicated SL PRS resource pool used for its transmissions in slots [n-a, n-1] and granted in slots [n, n+b] divided by the total number of configured SL PRS resources in the transmission pool over [n-a, n+b].
· With regards to the SL PRS Channel Busy Ratio (SL PRS CBR): 
· SL PRS Channel Busy Ratio (SL PRS CBR) measured in slot n is defined as the number of SL PRS resources in the dedicated SL PRS resource pool whose SL PRS RSSI measured by the UE exceed a (pre-)configured threshold sensed over a SL PRS-CBR measurement window [n-a, n-1], wherein a is equal to 100 or 100·2µ slots, according to [sl-TimeWindowSizeCBR-positioning] divided by the total number of the configured sidelink PRS resources in the transmission pool over [n-a, n-1].


[bookmark: OLE_LINK10]In the current specification for SL communication, sidelink congestion control is used in sidelink resource allocation mode 2. There are mapping relationship between PSSCH transmission parameter (such as MCS, PRB number, retransmission number, MaxTxPower, CR limit), CBR ranges and priority ranges. 
Similarly, UE can measure SL-PRS CBR for a dedicated SL PRS resource pool. Combining the CBR measurement result and the SL-PRS transmission priority, the corresponding transmission parameter for SL-PRS can be further determined. However, at least for now only maximum SL PRS transmission power, maximum number of SL PRS (re-)transmissions and CR limits are agreed to be restricted by CBR measurements and priority. 
As we agreed in RAN1#114b, SL PRS CBR measured in slot n is defined as the number of SL PRS resources in the dedicated SL PRS resource pool whose SL PRS RSSI measured by the UE exceed a (pre-)configured threshold sensed over a SL PRS CBR measurement window divided by the total number of the configured SL PRS resources in the transmission pool over the window. We support to further introduce minimum periodicity of SL PRS for better congestion management of resource pool. If the SL PRS periodicity is increased, the channel congestion condition can be mitigated since the SL PRS CBR value will decrease accordingly. Based on a list of reservation intervals (i.e., periodicities) (pre-)configured in a dedicated SL PRS resource pool, the minimum periodicity of SL PRS can be determined.
Proposal 1: For a dedicated resource pool, congestion control can restrict the minimum SL PRS transmission periodicity by SL PRS CBR and priority.

2.2 TP for PSSCH and SL PRS Multiplexing
	Agreement
In a shared resource pool, SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot:
· With regards to PSSCH and SL-PRS multiplexing, only TDMing is supported for the already agreed comb sizes 1, 2, 4
Agreement
<Unrelated parts are omitted>
· For a shared resource pool for positioning, the SL PRS can share the same restriction of PSSCH without specific enhancement in addition to what is already specified.


For shared resource pool, the congestion condition of a shared resource pool is related to both PSCCH/PSSCH transmission and SL PRS transmission. It is possible that in shared resource pool, a UE may only transmit SL PRS in a slot and there is no SL data involved. If the legacy definition (as shown below) is reused, the congestion caused by SL PRS transmission is not counted and inaccurate channel assessment is applied. 
	Sidelink Received Signal Strength Indicator (SL RSSI) is defined as the linear average of the total received power (in [W]) observed in the configured sub-channel in OFDM symbols of a slot configured for PSCCH and PSSCH, starting from the 2nd OFDM symbol.


We are fine with either of the following two solutions: (1) SL RSSI will also include the symbols used for SL PRS transmission; (2) make sure it is clear in the spec that SL PRS is transmitted in symbols configured for PSSCH or SL PRS is transmitted in PSSCH symbols according to clause 8.1.2.1 in TS 38.214. According to multiple rounds of discussion in last RAN1 meeting, companies had concerns for solution 1. Therefore, we support the following TP taking companies suggestions into account:
Proposal 2: Adopt TP#1 for TS 38.211 and TS 38.214 for PSSCH and SL PRS multiplexing
Reason for change: The descriptions in 38.214 regarding PSSCH and SL PRS multiplexing are likely to lead to ambiguity. “UE transmits the SL PRS in PSSCH symbols” and “the UE shall not transmit PSSCH and SL PRS in the same symbol” are present at the same time.
Summary of change: (1) Delete “the UE shall not transmit PSSCH and SL PRS in the same symbol” in 38.214; (2) specify the agreement “With regards to PSSCH and SL-PRS multiplexing, only TDMing is supported” in 38.211 instead
Consequences if not approved: Ambiguous descriptions in the spec.
Clause affected: 8.2.4.1.1 in 38.214; 8.3.1.5 in 38.211
	[bookmark: _Hlk148952277]TP#1 38.214
8.2.4.1.1	Resource allocation in time domain
<Omitted>
For a shared SL PRS resource pool, the UE transmits the SL PRS in PSSCH symbols according to clause 8.1.2.1, [with the following restrictions:
-	the number of contiguous symbols for SL PRS transmission, , shall correspond to one of the SL PRS resources in parameter.
-	the UE shall not transmit SL PRS in symbols where associated PSCCH is transmitted.
-	the UE shall not transmit SL PRS and PSSCH DMRS in the same symbol.
-	the UE shall not transmit SL PRS and SL CSI-RS in the same symbol.
-	the UE shall transmit SL PRS on contiguous symbols either in between or after symbols where PSSCH DMRS is transmitted.
-	the UE shall transmit SL PRS only after the last symbol with second stage SCI. 
-	For a given value of   , SL PRS resource is mapped to the last consecutive   SL symbols in the slot that meet all the other restrictions
-	The UE shall not transmit PSSCH and SL PRS in the same symbol.]
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TP#1 38.211
8.3.1.5	Mapping to virtual resource blocks
For each of the antenna ports used for transmission of the PSSCH, the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor   in order to conform to the transmit power specified in [5, TS 38.213] and mapped to resource elements  in the virtual resource blocks assigned for transmission, where  is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission.
The mapping operation shall be done in two steps:
-	first, the complex-valued symbols corresponding to the bit for the 2nd-stage SCI in increasing order of first the index  over the assigned virtual resource blocks and then the index , starting from the first PSSCH symbol carrying an associated DM-RS and meeting all of the following criteria:
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, or PSCCH;
-	secondly, the complex-valued modulation symbols not corresponding to the 2nd -stage SCI shall be in increasing order of first the index  over the assigned virtual resource blocks, and then the index  with the starting position given by [6, TS 38.214] and meeting all of the following criteria:
-	the resource elements are not used for 2nd-stage SCI in the first step; 
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, CSI-RS, or PSCCH.
-	the resource elements in the corresponding physical resource blocks are not used for transmission of SL PRS for a shared SL PRS resource pool.
[bookmark: _Hlk26193790]The resource elements used for the PSSCH in the first OFDM symbol in the mapping operation above, including any DM-RS, PT-RS, or CSI-RS occurring in the first OFDM symbol, shall be duplicated in the OFDM symbol immediately preceding the first OFDM symbol in the mapping.



2.3 TP for SCI format 1-A
	Agreement
With regards to the SCI signaling in a shared resource pool, in addition to SL PRS transmission, the UE transmits
· Opt. 1: SCI1-A & a 2nd stage SCI format are used for SL-PRS indication
· FFS: Details including a new or existing 2nd stage SCI
Agreement
In a shared resource pool,
· To indicate the SCI format 2-D, the reserved state of the “2nd-stage SCI format” field (Codepoint “11”) in SCI format 1-A is used 


According to RAN1’s agreements, SCI format 1-A can also be used for the scheduling of SL PRS for a shared SL PRS resource pool, we suggest the following TP:
Proposal 3: Adopt TP#2 for TS 38.212 for the usage of SCI format 1-A
Reason for change: SCI format 1-A can not only be used for the scheduling of PSSCH and 2nd-stage-SCI on PSSCH, but also for the scheduling of SL PRS for a shared SL PRS resource pool. However, currently the spec do not capture the usage of SCI format 1-A for a shared SL PRS resource pool.
Summary of change: Add the description that SCI format 1-A can be used for the scheduling of SL PRS for a shared SL PRS resource pool.
Consequences if not approved: Not align with agreements.
Clause affected: 8.3.1.1 in 38.212
	TP#2 38.212
8.3.1.1	SCI format 1-A
SCI format 1-A is used for the scheduling of PSSCH and 2nd-stage-SCI on PSSCH, or the scheduling of PSSCH, 2nd -stage-SCI on PSSCH and SL PRS for a shared SL PRS resource pool. 
The following information is transmitted by means of the SCI format 1-A:
-	Priority – 3 bits as specified in clause 5.4.3.3 of [12, TS 23.287] and clause 5.22.1.3.1 of [8, TS 38.321]. Value '000' of Priority field corresponds to priority value '1', value '001' of Priority field corresponds to priority value '2', and so on.



Conclusion
In this contribution, we provide our views on remaining issues of SL positioning, and we have the following proposals:
Proposal 1: For a dedicated resource pool, congestion control can restrict the minimum SL PRS transmission periodicity by SL PRS CBR and priority.
Proposal 2: Adopt TP#1 for TS 38.211 and TS 38.214 for PSSCH and SL PRS multiplexing
Proposal 3: Adopt TP#2 for TS 38.212 for the usage of SCI format 1-A
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