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In RAN #98e e-meeting, specify resource allocation for SL PRS has been captured in the WID [1]. In this contribution, we present our views on the resource allocation for SL PRS. 
	· 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].



Resource allocation for SL-PRS 
SCI for SL PRS 
	Agreement
In the dedicated resource pool for positioning, with regards to the SCI for SL-PRS, information carried in SCI for SL-PRS should at least include:
· Field 1: SL-PRS priority - 3 bits
· Field 2: Source ID – Up to resource pool (pre-)configuration 12 or 24 bits 
· Field 3: Destination ID - 24 bits
· Field 4: Cast type – 2 bits
· Field 5: Resource reservation period - Ceil(log2(Number of candidate values in (pre-)configuration))
· Alt. 5.1: Up to 16 values
· Field 6: Time resource assignment for SL-PRS future reservations
· 1 or 2 max future slots within 32 slots – 5 bits or 9 bits, based on the maximum number of the (pre-)configured future reservations
· Field 7: SL-PRS resource ID (s) for the future 1 or 2 reservations 
· Number of bits: 
· In case of max number of future reservations is (pre-)configured to 2: [2*Ceil(log2(Number of SL-PRS resources in (pre-)configuration))]
· In case of max number of future reservations is (pre-)configured to 1: Ceil(log2(Number of SL-PRS resources in (pre-)configuration))
· Field 8: SL-PRS request – 0 or 1 bit
· Field 9: Reserved bits – up to (pre-)configuration 



Based on the above agreement, there are a remaining issue about the bit number of SL PRS resource IDs in bracket. There are two options about the Field as follows.
· Option 1:  2*Ceil(log2(Number of SL-PRS resources in (pre-)configuration))
· Option 2:  Ceil(log2((Number of SL-PRS resources in (pre-)configuration)^2))
We summarize the bit numbers of two options for different numbers of SL PRS resources in (pre-)configuration. It can be found option 2 may save 1 bit for some cases compared to option 1, e.g., the row with red words in the following table. 
	Number of SL-PRS resources in (pre-)configuration
	Option 1
	Option 2

	4
	4 bits
	4 bits

	5
	6 bits
	5 bits

	6
	6 bits
	6 bits

	7
	6 bits
	6 bits

	8
	6 bits
	6 bits

	9
	8 bits
	7 bits

	10
	8 bits
	7 bits


So, we propose
Proposal 1: [bookmark: _Hlk142637724]
· Support SL-PRS resource ID (s) for the 2 reservations as the following
· Number of bits:  Ceil(log2((Number of SL-PRS resources in (pre-)configuration) ^2))
Scheme 2 SL-PRS resource allocation
CBR and CR definition for SL-PRS
	Agreement
For Scheme 2 SL-PRS resource allocation, with regards to the congestion control for a dedicated RP, the following modifications are supported:
· Modification 1: For the definition of SL PRS CR and CBR:
· Alt. 2: redefine CBR/CR by considering the SL-PRS resource allocation/configuration. 




It has been agreed to redefine CBR/CR with considering the SL PRS resource configuration. So, the SL PRS resource can be used in the calculation of CR/CBR for SL-PRS in the dedicated resource pool as the following 
Proposal 2: 
· SL PRS CBR measured in slot n is defined as the portion of SL PRS resources in the resource pool whose SL RSSI measured by the UE exceeds a (pre-)configured threshold sensed over a CBR measurement window [n-a, n-1], wherein a is equal to 100 or 100·2µ slots, according to higher layer parameter sl-TimeWindowSizeCBR.
Furthermore, the SL PRS CR can be defined as
Proposal 3: 
· SL PRS CR evaluated at slot n is defined as the total number of SL PRS resources 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].

Some enhancement on the CR/CBR definition for SL-PRS
The CR/CBR is calculated by the transmitting UE when the UE wants to reserve resources. In sidelink positioning, the SL-PRS transmitting of the anchor UE is used to assist the positioning procedure of the target UE. If the resource budget is calculated in the CR of the anchor UE, the anchor UE is not allowed to reserve resources when the CR is equal to or larger than the CR limitation. And it would decrease the transmission performance of the anchor UE (e.g., the transmission latency would be larger). Therefore, we think the SL-PRS resource transmitted by anchor UE can be calculated in the CR/CBR of the target UE at least in the unicast scenario. An example is illustrated in the following. The SL-PRS transmitted by anchor UE 1 and anchor UE 2 is used for the positioning of target UE. The CR of the target UE would increase and the CR of UE 1/UE 2 remains unchanged.
[image: ]
Figure 1 An example of CR/CBR calculation for unicast
Proposal 4: 
· The resource of SL-PRS transmitted by anchor UE can be calculated in the CR/CBR of the target UE at least in the unicast scenario. 
SL PRS -RSSI in dedicated resource pool
The definition of SL PRS-RSSI in dedicated resource pool is as follows, which is defined as symbol level
	5.1.44	Sidelink PRS received signal strength indicator (SL PRS-RSSI)

	Definition
	Sidelink PRS Received Signal Strength Indicator (SL PRS-RSSI) is defined as the linear average of the total received power (in [W]) observed in OFDM symbols of SL-PRS and PSCCH of slots configured for PSCCH and SL-PRS.

For frequency range 1, the reference point for the SL PRS-RSSI shall be the antenna connector of the UE. For frequency range 2, SL PRS-RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SL PRS-RSSI value shall not be lower than the corresponding SL PRS-RSSI of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED,
RRC_IDLE





But according to the following agreement and the above definition of CBR and CR, a portion of SL PRS resources are used. In this case, SL PRS RSSI should be measured based on the SL PRS resource other than the symbol level. Otherwise, if the UE measures the SL PRS-RSSI based on symbol-level, how to calculate the portion of SL PRS?
	Agreement
For Scheme 2, in dedicated resource pools, with regards to the procedure for determining the subset of resources to be reported to higher layers, when triggering the resource (re-)selection procedure, the higher layers provide the following parameters for candidate SL-PRS transmission(s):
· resource pool from which to report SL-PRS resources
· Priority
· Delay budget
· Reservation period
· List of resources for pre-emption and re-evaluation
· Set of SL-PRS resource ID (s) which can include all (pre-)configured SL-PRS resource IDs


Therefore, we propose SL PRS RSSI should be measured based on the SL PRS resource other than symbol level
Proposal 5: 
· Sidelink PRS Received Signal Strength Indicator (SL PRS-RSSI) is defined as the linear average of the total received power (in [W]) observed in resource elements configured for SL-PRS and associated PSCCH.
Lower layer triggering for SL-RTT 
	Agreement
In Scheme 2, with regards to the triggering of SL-PRS, support one or both of the following options: 
· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Note: this also includes higher layer triggering from another UE
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· FFS: Whether lower-layer signaling is SCI or SL MAC-CE
Agreement
In Scheme 2, with regards to the triggering of SL-PRS,
· Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers
· Working assumption: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· Up to UE-B’s own higher layers to transmit SL-PRS in response to the lower layer request from UE-A
· FFS: Lower layer signaling corresponds to SCI, MAC-CE, or SL-PRS
Agreement
In Scheme 2, with regards to the triggering of SL-PRS, confirm the related WA for shared and dedicated resource pools.
· With regards to the lower-layer signalling, support SCI associated with SL-PRS transmission
· FFS: whether this is enabled by (pre)configuration
· FFS: to support also SL-PRS
Agreement
For Scheme 2, in a dedicated resource pool, 
· Multiple L1 SL-PRS priority are allowed in a resource pool
Agreement
For the scheme 2 sensing-based resource allocation, 
· From RAN1 perspective, priority value for SL PRS should be provided by higher layers from Tx UE perspective


According to the LS from RAN2, RAN2 would like to confirm how to decide the priority of SL PRS. Considering the SCI triggered SL-PRS transmission is supported for RTT, we prefer to trigger a similar SL PRS configuration (e.g. same priority, periodicity, resource pool between transmission SL PRS and reception SL PRS) based on reception SCI and SL PRS transmission.
Proposal 6: [bookmark: _Hlk142637942]
· For low layer Triggered SL PRS
· The triggered SL-PRS should share the same configuration with the received SL PRS, including periodicity, bandwidth, and priority.

Scheme 1 SL-PRS resource allocation
	Agreement
For Scheme 1 SL-PRS resource allocation, a transmitting UE can receive a SL-PRS resource allocation signaling from gNB through a
· Dynamic grant
· FFS Reuse DCI format 3_0 for signalling SL-PRS resource allocation or Support a new DCI format (3_X) and consider DCI format 3_0 as a starting point
· Configured grant type 1
· the SL-PRS transmission(s) follows the higher layer configuration
· Configured grant type 2
· Support activating and releasing the configured grant using a new DCI format 3_X or 3_0 (to be down-selected between the two DCI formats)
· The above mechanisms use NR Rel-16 mode-1 signaling as a starting point
· FFS: whether same/different DCI format(s) are applied for shared pool and dedicated pool.
· FFS: Further details


Dynamic grant based and configured grant type 1 and type 2 based resource allocation for SL-PRS has been approved in the previous RAN1 meeting. Considering the comb-based multiplexing and TDM-based multiplexing of SL-PRS have been supported in the dedicated resource pool, the new DCI format should be supported for dynamic grant based and configured grant type 2-based SL-PRS scheduling in scheme 1. In addition, the related DCI for dedicated and shared resource pool should be discussed separately.
Furthermore, we would like to note the mode 1 resource allocation can only be used for in-coverage scenario based on SL communication.
Observation 1:
· Mode 1 resource allocation can only be used for in-coverage scenario.
DCI format for shared resource pool
	Agreement
In dynamic grant type resource allocation in scheme 1,
· For shared resource pool, DCI format 3_0 is being used as a starting point, down-select between the two alternatives below:
· Alt. 1: Indication SL-PRS specific information is explicitly included in DCI
· FFS: Which SL-PRS specific information
· Alt. 2: Indication SL-PRS specific information is not explicitly included in DCI
· FFS: Dedicated resource pool


According to the above agreement, two alternatives are provided. For us, Alt. 2 is preferred since the DMRS pattern is selected by UE itself other than dynamic scheduling by gNB. In this case, we think the SL PRS pattern can also be selected by UE.
Proposal 7: [bookmark: _Hlk142637998]
· For dynamic grant type resource allocation in scheme 1, DCI format 3_0 is reused for shared resource pool without SL-PRS specific information.
TP 
TP for 38.212
	< Unchanged parts are omitted >
[bookmark: _Toc29326622][bookmark: _Toc29327772][bookmark: _Toc36045962][bookmark: _Toc36046222][bookmark: _Toc36046368][bookmark: _Toc45209285][bookmark: _Toc51852459][bookmark: _Toc129874543]7.3.1.4.3	Format 3_2
DCI format 3_2 is used for scheduling of NR SL PRS in one cell. 
The following information is transmitted by means of the DCI format 3_2 with CRC scrambled by XX-RNTI or YY-CS-RNTI: 
-	Resource pool index – bits, where I is the total number of resource pools for transmission configured by the higher layer parameter sl-TxPoolScheduling, if configured.
-	Time gap – 3 bits determined by higher layer parameter sl-DCI-ToSL-Trans, as defined in [6, TS 38.214]
-	First SL PRS indicator -  bits indicating the SL PRS resource ID for the first SL PRS transmission, where the value  is the total number of SL PRS resources within a slot in a dedicated resource pool for SL PRS transmission and provided by the higher layer parameter XYZ.


Based on the agreement, and the other field with highlighted in the above CR [3], we think resource pool index I should be the total number of dedicated resource pools. But, in the current version, this may be a misunderstanding that I is the total number of shared and dedicated resource pools.
	Agreement
In resource allocation in scheme 1, for a dedicated resource pool 
· in the DCI, introduce at least the following fields: 
· Resource pool index – number of bits same to SL communications
· Time gap - 3 bits
· SCI format 1-B fields:
· Time resource assignment for SL-PRS future reservation(s) 
· SL-PRS resource ID (s) for the future 1 or 2 reservations 
· SL-PRS resource ID for the first SL-PRS transmission
· Configuration index – number of bits same to SL communications
· Padding bits, if required


So, we propose
Proposal 8: 
· Adopt the following modification into TS38.212 regarding resource pool index
	< Unchanged parts are omitted >
7.3.1.4.3	Format 3_2
DCI format 3_2 is used for scheduling of NR SL PRS in one cell. 
The following information is transmitted by means of the DCI format 3_2 with CRC scrambled by XX-RNTI or YY-CS-RNTI: 
-	Resource pool index – bits, where I is the total number of dedicated resource pools for transmission configured by the higher layer parameter sl-TxPoolScheduling, if configured.
-	Time gap – 3 bits determined by higher layer parameter sl-DCI-ToSL-Trans, as defined in [6, TS 38.214]
-	First SL PRS indicator -  bits indicating the SL PRS resource ID for the first SL PRS transmission, where the value  is the total number of SL PRS resources within a slot in a dedicated resource pool for SL PRS transmission and provided by the higher layer parameter XYZ.
< Unchanged parts are omitted >



TP for 38.214
	8.2.4.1	Resource allocation
In sidelink resource allocation mode 1: 
-	For SL PRS transmission, a UE may be configured with dynamic grant, configured grant type 1, or configured grant type 2 


For the above part in CR [4], we have some concerns about “or” before “configured grant 2”, it is more like support one of dynamic grant, configured grant type 1, and configured grant type 2. In our view, dynamic grant, configured grant type 1, and configured grant type 2 are supported for SL PRS transmission. A similar description in SL communication resource allocation is captured as the following. 
	[bookmark: _Toc29673236][bookmark: _Toc29673377][bookmark: _Toc29674370][bookmark: _Toc36645600][bookmark: _Toc45810649][bookmark: _Toc137117192]8.1.2	Resource allocation
In sidelink resource allocation mode 1:
-	for PSSCH and PSCCH transmission, dynamic grant, configured grant type 1 and configured grant type 2 are supported. The configured grant Type 2 sidelink transmission is semi-persistently scheduled by a SL grant in a valid activation DCI according to Clause 10.2A of [6, TS 38.213].


So, referring to the above description in SL communication, we propose to modify it as follows.
Proposal 9: 
· Adopt the following modification into TS38.214 regarding mode 1 resource allocation 
	< Unchanged parts are omitted >

8.2.4.1	Resource allocation
In sidelink resource allocation mode 1: 
-	For SL PRS transmission, a UE may be configured with dynamic grant, configured grant type 1, and [/]or configured grant type 2 are supported

< Unchanged parts are omitted >



TP for 38.215
	.5.1.44	Sidelink PRS received signal strength indicator (SL PRS-RSSI)

	Definition
	Sidelink PRS Received Signal Strength Indicator (SL PRS-RSSI) is defined as the linear average of the total received power (in [W]) observed in OFDM symbols of SL-PRS and PSCCH of slots configured for PSCCH and SL-PRS.

For frequency range 1, the reference point for the SL PRS-RSSI shall be the antenna connector of the UE. For frequency range 2, SL PRS-RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SL PRS-RSSI value shall not be lower than the corresponding SL PRS-RSSI of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED,
RRC_IDLE





According to the discussion in section 2.2.2, we propose to modify the SL PRS-RSSI in [5] as SL PRS resource level as follows
Proposal 10: 
· Adopt the following modification into TS38.215 regarding SL PRS-RSSI definition 
	< Unchanged parts are omitted >
5.1.44	Sidelink PRS received signal strength indicator (SL PRS-RSSI)

	Definition
	Sidelink PRS Received Signal Strength Indicator (SL PRS-RSSI) is defined as the linear average of the total received power (in [W]) observed in resource elements configured for SL-PRS OFDM symbols of SL-PRS and associated PSCCH of slots configured for PSCCH and SL-PRS.

For frequency range 1, the reference point for the SL PRS-RSSI shall be the antenna connector of the UE. For frequency range 2, SL PRS-RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SL PRS-RSSI value shall not be lower than the corresponding SL PRS-RSSI of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED,
RRC_IDLE



< Unchanged parts are omitted >



Conclusion
In this contribution, we discuss potential positioning enhancements with the following observation and proposals.
Observation 1:
· Mode 1 resource allocation can only be used to in-coverage scenario.
Proposal 1: 
· Support SL-PRS resource ID (s) for the 2 reservations as the following
· Number of bits:  Ceil(log2((Number of SL-PRS resources in (pre-)configuration) ^2))
Proposal 2: 
· SL PRS CBR measured in slot n is defined as the portion of SL PRS resources in the resource pool whose SL RSSI measured by the UE exceeds a (pre-)configured threshold sensed over a CBR measurement window [n-a, n-1], wherein a is equal to 100 or 100·2µ slots, according to higher layer parameter sl-TimeWindowSizeCBR.
Proposal 3: 
· SL PRS CR evaluated at slot n is defined as the total number of SL PRS resources 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].
Proposal 4: 
· The resource of SL-PRS transmitted by anchor UE can be calculated in the CR/CBR of the target UE at least in the unicast scenario. 
Proposal 5: 
· Sidelink PRS Received Signal Strength Indicator (SL PRS-RSSI) is defined as the linear average of the total received power (in [W]) observed in resource elements configured for SL-PRS and associated PSCCH.
Proposal 6: 
· For low layer Triggered SL PRS
· The triggered SL-PRS should share the same configuration with the received SL PRS, including periodicity, bandwidth, and priority.
Proposal 7: 
· For dynamic grant type resource allocation in scheme 1, DCI format 3_0 is reused for shared resource pool without SL-PRS specific information.
Proposal 8: 
· Adopt the following modification into TS38.212 regarding resource pool index
	< Unchanged parts are omitted >
7.3.1.4.3	Format 3_2
DCI format 3_2 is used for scheduling of NR SL PRS in one cell. 
The following information is transmitted by means of the DCI format 3_2 with CRC scrambled by XX-RNTI or YY-CS-RNTI: 
-	Resource pool index – bits, where I is the total number of dedicated resource pools for transmission configured by the higher layer parameter sl-TxPoolScheduling, if configured.
-	Time gap – 3 bits determined by higher layer parameter sl-DCI-ToSL-Trans, as defined in [6, TS 38.214]
-	First SL PRS indicator -  bits indicating the SL PRS resource ID for the first SL PRS transmission, where the value  is the total number of SL PRS resources within a slot in a dedicated resource pool for SL PRS transmission and provided by the higher layer parameter XYZ.
< Unchanged parts are omitted >


Proposal 9: 
· Adopt the following modification into TS38.214 regarding mode 1 resource allocation 
	< Unchanged parts are omitted >
8.2.4.1	Resource allocation
In sidelink resource allocation mode 1: 
-	For SL PRS transmission, a UE may be configured with dynamic grant, configured grant type 1, and [/]or configured grant type 2 are supported
< Unchanged parts are omitted >


Proposal 10: 
· Adopt the following modification into TS38.215 regarding SL PRS-RSSI definition 
	< Unchanged parts are omitted >
5.1.44	Sidelink PRS received signal strength indicator (SL PRS-RSSI)

	Definition
	Sidelink PRS Received Signal Strength Indicator (SL PRS-RSSI) is defined as the linear average of the total received power (in [W]) observed in resource elements configured for SL-PRS OFDM symbols of SL-PRS and associated PSCCH of slots configured for PSCCH and SL-PRS.

For frequency range 1, the reference point for the SL PRS-RSSI shall be the antenna connector of the UE. For frequency range 2, SL PRS-RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SL PRS-RSSI value shall not be lower than the corresponding SL PRS-RSSI of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED,
RRC_IDLE



< Unchanged parts are omitted >
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