


3GPP TSG RAN WG1 #114		R1-2307930
Toulouse, Aug. 21st – 25th, 2023
	
Agenda item:	9.5.1.1
Source: 	Qualcomm Incorporated
Title: 	Reference Signal Design for SL Positioning
Document for:		Discussion and Decision
Introduction
A work item has been agreed for positioning in RAN #98-e with the following objective for sidelink positioning [1]:
	· 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 measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· 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 procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



In this contribution, we discuss the remaining details of reference signals for sidelink positioning. This includes sequence details, mapping to physical resources, and power control.
Dedicated Resource Pool
RAN1 agreed to support comb-based multiplexing and TDM in the dedicated resource pool. In this section we discuss resource pool structure and signaling necessary to support both.
As a general structure, RAN1 agreed to include PSCCH, which is TDMed with SL-PRS, in the dedicated resource pool. This is illustrated for the general case in Figure 1.
	Agreement
For a dedicated resource pool for SL positioning, only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot.
· FFS: whether SL-PRS can be transmitted in a slot without associated PSCCH
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[bookmark: _Ref134533835]Figure 1 General structure of the dedicated resource pool.
1 
The first issue to discuss regarding TDM of SL-PRS is how to configure the resource pool to enable/disable TDM. Not all deployments require the increase in multiplexing capacity provided by TDM. On the contrary, some deployments could require a large number of SL-PRS symbols per transmission and would require SL-PRS TDMing to be disabled.
[bookmark: _Toc142642369]Proposal 1: TDM-based multiplexing of SL PRS from different UEs in a slot is enabled/disabled by resource pool (pre-)configuration.
Another aspect to consider is whether the duration of SL PRS is dynamic or semi-static. Sidelink communications have semi-statically defined durations for two primary reasons: UE-autonomous resource allocation and interference. Allowing dynamic durations would increase resource selection procedure complexity and, more importantly, make it more difficult to accommodate transmissions of longer duration. Since the UE calibrates its AGC in the first sidelink symbol of the slot, transmissions of different durations and starting point would cause variable interference throughout reception that cannot be accounted for by the receiving UE. For similar reasons, we propose to use semi-statically defined durations and starting points for SL-PRS transmissions in the dedicated resource pool.
[bookmark: _Toc142642370]Proposal 2: SL-PRS transmission duration and starting symbol are (pre-)configured in the dedicated resource pool, including when TDM-based multiplexing of SL-PRS from different UEs is enabled.
As in the case of TDM-based multiplexing, comb-based multiplexing of SL-PRS from different UEs has implications on both UE implementation, particularly on the receiver side, and system performance. Hence, it should both be enabled/disabled by resource pool (pre-)configuration and be an independent UE feature.
[bookmark: _Toc142642371]Proposal 3: Comb-based multiplexing of SL PRS from different UEs in a slot is enabled/disabled by resource pool (pre-)configuration.
Lastly, to support a mixture of UEs with different capabilities, we propose that enabling/disabling comb-based multiplexing and TDM-based multiplexing has a granularity of a slot instead of for the entire resource pool.
[bookmark: _Toc142642372]Proposal 4: In a dedicated resource pool, comb-based multiplexing and TDM-based multiplexing can be enabled at the slot level.
Sidelink PRS Mapping
Four different comb sizes, 2, 4, 6, and 12, can be mapped to 2, 4, 6, or 12 symbols. Sidelink transmissions require a symbol for AGC training and a symbol duration for Rx-Tx turnaround, limiting the maximum number of sidelink symbols in a slot to 12. RAN1 agreed to use SCI to signal SL-PRS reservation. When SCI-1 is transmitted in the same pool as the rest of the sidelink transmission, as is currently supported, the number of OFDM symbols available for SL PRS is further reduced by two or three as illustrated in Figure 2. Given these limitations, 12-symbol SL-PRS cannot be supported.
In a dedicated resource pool, three symbols are needed for PSCCH and its AGC, one gap symbol is present after all SL symbols, and at least one AGC symbol is needed for SL-PRS. The number of SL-PRS AGC symbols will increase when TDMing is enabled. This leaves a maximum of nine symbols for SL-PRS when TDM is disabled and eight symbols when TDM is disabled. Hence, we propose that the maximum value of M be nine when TDM is disabled and seven when TDM is enabled.
[image: ]
[bookmark: _Ref127280135]Figure 2 Maximum number of symbols that can be used for SL-PRS in a dedicated resource pool.
[bookmark: _Toc142642373]Proposal 5: In the dedicated resource pool, M is (pre-)configured with M ≤ 9 when TDM is disabled and M ≤ 7 when TDM is enabled for fully-staggered patterns.
The performance of a partially staggered pattern will generally be inferior to a fully staggered pattern. In our view, the UE should switch to a fully staggered pattern instead of using a partially staggered pattern with repetition.
RAN1 agreed to support a subset of possible comb-sizes, number of symbols, and combinations of the two:
	Agreement 
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 
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
· FFS: Support of SL PRS patterns with M > N at least with full staggering.



In the above agreement, comb size 6 is supported in the dedicated resource pool, but FFS in the shared pool; and comb size 1 is supported in the shared resource pool, but FFS in the dedicated resource pool. Since RAN1 agreed to TDM PSSCH and SL-PRS, there is no overhead reduction gain from going to a higher comb size.
To ensure backward compatibility in a shared resource, legacy SCI-1 must be used and any signaling associated with SL-PRS would be on PSSCH. To avoid causing AGC issues to FDMed transmissions and ensure coherence on the transmitter side, avoiding transients, the transmit power of the symbol with SL-PRS should be the same as that of other symbols. Equal transmit power across transmitted sidelink symbols is already assumed for sidelink communications. The comb structure for SL-PRS requires an increase in per-RE transmission power to ensure the same per-symbol transmission power as other symbols in the transmission. A large comb size in this scenario could lead to very high per-RE transmission power and very high PAPR, both of which are detrimental to the UE’s performance and cost. Hence, we propose to limit the maximum comb size used in the shared resource pool to 4 and to not support comb-6, or larger, in the shared resource pool.
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Figure 3 Slot structure in a shared resource pool.
The issues of unequal number of REs across symbols for comb-8 also exists in the dedicated resource pool. Given that it might not be possible to have 12 SL-PRS symbols in a slot, comb-12 is likely to be only used in a partially staggered manner. The performance implications of both issues have not been studied, neither has the impact of multiplexing so many UEs in the same symbol. Hence, we propose to not support combs larger than comb-6 in the dedicated resource pool. 
[bookmark: _Toc142642374]Proposal 6: Do not introduce larger comb sizes in the dedicated or shared resource pools.
Lastly, the RE offset sequences from DL-PRS can be reused for SL-PRS.
[bookmark: _Toc142642375]Proposal 7: SL-PRS reuses existing RE offset sequences from DL-PRS.
The issue of supporting additional partially staggered patterns was discussed in RAN1 #113. A large effective comb size degrades performance and there have not been evaluations supporting the need for these patterns. Another consideration is whether the REs are evenly distributed in frequency after destaggering or not, which further affects performance compared to using a fully staggered pattern with repetition. Hence, we propose to restrict to effective the comb size and limit to evenly-spaced REs in the pattern.
[bookmark: _Toc142642376]Proposal 8: Only support the following partially staggered patterns: (4, 2) and (2, 1)
To alleviate peak ambiguity when a partially staggered pattern is used, a search window can be introduced and indicated to the receiver in assistance data. The receiver will only search within this window, reducing the potential for detecting false peaks.
[bookmark: _Toc142642377]Proposal 9: A search window is introduced and indicated in the assistance data.
Transmissions with SL-PRS have the same requirements as sidelink communication transmissions regarding AGC training and Rx-Tx turnaround time. Both a symbol for AGC training and a gap for Rx-Tx turnaround are needed in the shared and dedicated resource pools. How these are accommodated depends on the slot structure, which we discuss in our companion contribution [6].
RAN1 agreed to introduce a gap symbol:
	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.



[image: ]
Since all PSCCHs in a slot are FDMed, a UE that is transmitting SL-PRS and associated PSCCH in a slot cannot receive SL-PRS transmissions from other UEs. This eliminates the need for an Rx-Tx turnaround time between PSCCH and SL-PRS and, when TDM is enabled, between SL-PRS occasions.
[bookmark: _Toc142642378]Proposal 10: No gap symbols are added between PSCCH and SRL-PRS and between different SL-PRS TDM occasions in the dedicated resource pool 
In sidelink communications, the AGC symbol is a copy of the immediately following symbol. For SL-PRS this could cause peak ambiguity at the receiver due to reflections as shown in Figure 4. This issue is most pronounced for higher SCS as well as for larger comb sizes. Some solutions like duplicating the last or one before last SL-PRS symbol have been proposed. However, these proposals increase implementation complexity since the UE would have to create the last symbol earlier than it would have otherwise been needed, requiring much faster generation of the SL-PRS sequence and additional buffering. The agreed equation for generating the SL-PRS sequence already utilizes the OFDM symbol index and can be used directly to generate an AGC symbol that is different from subsequent symbols. 
[image: ]
[bookmark: _Ref134622470]Figure 4 Potential peak ambiguity if the AGC symbol is a copy of the immediately following symbol.
[bookmark: _Toc142642379]Proposal 11: The AGC symbol is not a copy of other symbols in the transmitted Sl-PRS and its sequence is generated using its symbol index in the slot.
2 
3 
Power Control and Transmit Power
Sidelink communications support open-loop power control. Two pathloss measurements can be independently enabled and used for OLPC: downlink-based pathloss and sidelink-based pathloss. When both are enabled, the UE uses the lower transmit power. The intention of DL pathloss-based OLPC is to minimize interference at the gNB; whereas SL pathloss-based OLPC is intended to reduce interference to other SL UEs. Lastly, there is no power boosting applied to the different channels. RAN1 has made some agreements on OLPC, in this section, we provide some more details.
	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.



To enable, SL pathloss-based OLPC in the dedicated resource pool, a reference signal for the L3-filtered RSRP measurement needs to be chosen. This signal could be the PSCCH DMRS or the SL-PRS. Since a UE can perform RSRP measurement on PSCCH DMRS for sensing associated with resource selection, PSCCH DMRS can be used as the reference signal for L3-filtered RSRP measurement.
[bookmark: _Toc142642380]Proposal 12: L3-filtered RSRP measurement on PSCCH DMRS is used for SL pathloss-based OLPC for unicast SL-PRS transmissions in the dedicated resource pool.
RAN1 has been discussing TPC for PSCCH and SL-PRS in the dedicated resource pool:
	[Medium] FL1 Proposal 3.1-2
· For TPC for PSCCH associated with SL PRS in dedicated resource pools the following options are considered further:
· [bookmark: _Hlk142602457]Option A: Same Tx power between PSCCH and SL PRS (no need for AGC but transient gap may still be needed due to PSD change if BW of PSCCH and SL PRS are different). RAN1 to consider sending an LS to RAN4 for confirmation. 
· Option B: Same Tx PSD between PSCCH and SL PRS (AGC symbol may be needed between PSCCH and SL PRS if BW are different)
· Option C: Independent power control between PSCCH and SL PRS (AGC symbol or AGC symbol and transient gap may be needed between PSCCH and SL PRS)
· Other options are not precluded.




Option A is suitable since it ensures that a resource is either occupied for both PSCCH and SL PRS or available for both. We note that an AGC symbol is still generally needed in Option A. For example, the PSCCH symbols with FDMed PSCCHs from multiple UEs could have higher received power SL-PRS symbols when the SL-PRS transmissions are TDMed.
Option B would run into maximum Tx power limitations in practice. For example, if total transmit power of PSCCH is high to ensure good performance, then the total transmit power of SL-PRS, which would generally have larger bandwidth, could exceed maximum allowed transmit power or the UE capability. The opposite is also true, due to its much smaller bandwidth, PSCCH could end up having low transmit power, significantly degrading its performance and degrading the system overall.
Option C could cause issues where a UE performs sensing based on PSCCH DMRS (or if supported, SL-PRS) RSRP, determines that a resource is available, but then SL-PRS (or PSCCH) from the other UE is transmitted with higher power causing collisions and significant degradation.
[bookmark: _Toc142642381]Proposal 13: For TPC for PSCCH associated with SL PRS the same Tx power between PSCCH and SL PRS is used.
Conclusions
Proposal 1: TDM-based multiplexing of SL PRS from different UEs in a slot is enabled/disabled by resource pool (pre-)configuration.
Proposal 2: SL-PRS transmission duration and starting symbol are (pre-)configured in the dedicated resource pool, including when TDM-based multiplexing of SL-PRS from different UEs is enabled.
Proposal 3: Comb-based multiplexing of SL PRS from different UEs in a slot is enabled/disabled by resource pool (pre-)configuration.
Proposal 4: In a dedicated resource pool, comb-based multiplexing and TDM-based multiplexing can be enabled at the slot level.
Proposal 5: In the dedicated resource pool, M is (pre-)configured with M ≤ 9 when TDM is disabled and M ≤ 7 when TDM is enabled for fully-staggered patterns.
Proposal 6: Do not introduce larger comb sizes in the dedicated or shared resource pools.
Proposal 7: SL-PRS reuses existing RE offset sequences from DL-PRS.
Proposal 8: Only support the following partially staggered patterns: (4, 2) and (2, 1)
Proposal 9: A search window is introduced and indicated in the assistance data.
Proposal 10: No gap symbols are added between PSCCH and SRL-PRS and between different SL-PRS TDM occasions in the dedicated resource pool
Proposal 11: The AGC symbol is not a copy of other symbols in the transmitted Sl-PRS and its sequence is generated using its symbol index in the slot.
Proposal 12: L3-filtered RSRP measurement on PSCCH DMRS is used for SL pathloss-based OLPC for unicast SL-PRS transmissions in the dedicated resource pool.
Proposal 13: For TPC for PSCCH associated with SL PRS the same Tx power between PSCCH and SL PRS is used.
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