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Introduction
RRM core requirements for Rel-18 positioning enhancements are discussed for several RAN4 meetings. Based on the work plan, RAN4 is to start Performance part of the WI in this meeting. The Performance part includes accuracy requirements, report mapping and test cases. In our view, accuracy requirements would require quite some efforts due to many new measurements introduced in Rel-18 and the needs for extensive simulation. Therefore, we will focus on accuracy requirements in this paper, also considering the discussions in the past meetings. The report mapping has been well discussed in the Core part, and we will discuss test cases in details when core requirements are stable.  
Similar to the Core part, we will separately discuss the accuracy requirements for following objectives 
· SL positioning
· LPHAP
· RedCap positioning
· PRS CA
· CPP
In this paper we will provide our views on accuracy requirements for Rel-18 positioning. 
Discussion
SL positioning
RAN4 needs to first discuss for which SL PRS measurements to define accuracy requirements. For Uu PRS measurements, RSTD, Rx-Tx, PRS-RSRP and PRS-RSRPP have accuracy requirements defined, and it is straightforward to define accuracy requirements for their SL counterparts. 
There is no accuracy requirements for UL-RTOA and UL AoA/ZoA in Uu. 
· For SL RTOA, we suggest to follow the same principle as in Uu, i.e. no accuracy requirement is defined. The same issue as in Uu also applies to SL, i.e. the ideal value of the SFN/DFN initialization time is up to UE local clock and is not calibrated.  
· For SL AoA/ZoA, we suggest to define accuracy requirements. The reason RAN4 did not define accuracy for UL AoA/ZoA in Uu was because AoA/ZoA is measured at gNB side, and the accuracy is dependent on gNB antenna implementation, which can be quite diverse. It was considered difficult to find a common assumption on gNB antenna structure for defining requirements. SL AoA/ZoA is measured at UE side, and in our view it may be possible to find a common assumption on UE antenna structure due to limited form factors compared to gNB. 
Proposal 1: RAN4 to define accuracy requirements for the following SL PRS measurements: SL RSTD, SL Rx-Tx, SL PRS-RSRP, SL PRS-RSRPP, SL AoA/ZoA. RAN4 not to define accuracy requirements for SL RTOA.
The next issue is the BW for SL PRS measurement accuracy requirements. Based on the current supported BW for SL bands in RF spec, we think it is reasonable to consider the BW of 10/20/40MHz in Rel-18.
Proposal 2: Accuracy requirements for SL PRS measurements are defined for following RB numbers
· 15kHz SCS: 48, 96
· 30kHz SCS: 24, 48, 96
· 60kHz SCS: 24, 48
For the Es/Iot condition, in the agreed simulation assumption, the Es/Iot for SL PRS measurement is down to -6dB. We suggest to increase the side condition to -3dB or 0dB for defining the accuracy requirements.
· The performance is not satisfactory in case of small RB number like 24 RB. It is noted that in Uu, requirements for 24 RB (or 32 RB) are defined down to -13dB with multiple samples and repetitions, while it is not defined for single sample measurement down to -6dB. For SL PRS, resource repetition is not supported, and multiple samples are is not preferred from latency point of view. 
· Es/Iot condition should support SCI decoding. SL PRS measurement is performed only when UE decodes the associated SCI. In cl. 10.4.4, the accuracy for L1 SL-RSRP, which is also measured based on SCI decoding, is defined at 0dB. In cl. 11.1.3 of 38.101-5, the SNR point for PSCCH demodulation requirements is 4.7dB, which is 10dB higher than the assumed -6dB.
· The experienced Es/Iot is better in SL than in Uu due to smaller distance between Tx and Rx UEs in SL positioning. In Figure 1, we illustrate the CDF of SNR for the first n=8 strongest RSUs in a high way scenario which was evaluated during the SI phase. RSUs are deployed on each side of the high way, separated by 200m. The width of the high way is 24m. It can be seen that the 5%-tile SNR is well above 0dB for the 7-th strongest RSU. 7 RSUs should be quite sufficient for positioning. 
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Figure 1: CDF of SNR for the first n=8 strongest RSUs in a high way scenario
Of course, another way to address the performance issue is to increase the sample number. However, we do not prefer this approach for the measurement period consideration as for many use cases of SL positioning, latency is an important requirement. We prefer to improve the Es/Iot side condition rather than the sample number. In addition, based on our simulation results, the channel used for Uu PRS accuracy (AWGN, TDL-A, 2-tap channel) can be reused for SL PRS. 
Proposal 3: Accuracy requirements for SL PRS measurements are defined based on 
· Es/Iot side condition of (0, -3, -3) or (0, 0, 0)dB
· Same channel as their Uu counterparts, FFS for SL AoA/ZoA
· Nsample = 1
LPHAP
For LPHAP, new core requirements are defined for PRS measurement in INACTIVE with eDRX, and PRS measurement in IDLE. In Rel-17, when RAN4 defined accuracy requirements for PRS measurement in INACTIVE, the requirements defined in Rel-16 for CONNECTED are reused. We suggest to follow the same principle for PRS measurement in INACTIVE with eDRX and PRS measurement in IDLE, as we do not see technical issues to reuse. 
Proposal 4: Existing accuracy requirements are applicable for PRS measurement in INACTIVE with eDRX, and PRS measurement in IDLE.
RedCap positioning
For RedCap UE with 2RX without FH, we do not see any difference in measurement accuracy compared to a non-RedCap UE, except that the BW is limited to 20MHz and 50MHz for FR1 and FR2.
Proposal 5: For RedCap with 2RX without FH, existing accuracy requirements are reused except for the applicable BW.
For RedCap UE with 1RX without FH, RAN4 has conducted simulations and agreed on the side conditions. A new side condition of -10dB is used to replace -13dB in relevant requirements. RAN4 needs to define new accuracy requirements are defined based on the agreed Es/Iot side condition and related simulation results.
In last meeting, there was a discussion on PRS-RSRP and PRS-RSRPP whether to define a single set of accuracy for both AWGN and fading channel. In our view, it is straightforward to follow the principle in existing requirements, i.e. a single set of requirements are defined.
Proposal 6: For RedCap with 1RX without FH, new accuracy requirements are defined based on the agreed Es/Iot side condition and related simulation results. 
For RedCap UE with FH (for both 1RX and 2RX UEs), new accuracy requirements are to be defined. In our view, the same channel, Es/Iot side condition and sample number as requirements for non-FH can be reused. The new aspect is on the per hop BW and total BW across all hops.
In the agreed simulation assumption, per hop BW and total BW across all hops are as below. 
	UE measurement bandwidth in each hop
	15kHz = 10MHz
30kHz = 20MHz
60kHz (FR1) = 20MHz
60kHz (FR2) = 50MHz
120kHz = 100MHz

	UE total measurement bandwidth after all hops
	15kHz = 50MHz (6 hops)
30kHz = 100MHz (6 hops)
60kHz (FR1) = 100MHz (6 hops)
60kHz (FR2) = 200MHz (5 hops)
120kHz = 400MHz (5 hops)


On per hop BW, we support to use the values for defining requirements except for 120kHz. For RedCap UE in FR2, the minimum CBW is 50MHz, and we suggest to also include it for the requirements. 
On total BW across all hops, the simulation assumption is using maximum CBW for each SCS. In last meeting, some companies raised up the issue that the last hop may not offer much benefit from performance point of view. For example, with 15kHz SCS, assuming 52 RB (10MHz) per hop and 1 overlapping RB between hops, with 5 hops the BW would be 256 RB. The last hop will increase the total BW to 272 RB. The additional BW is 16 RB, while each of the previous hops provides 51 RB BW. On the other hand, UE needs another hop which means NW needs to provide more repetition and longer MG. We suggest RAN4 to discuss whether to consider a small BW skipping the last hop. In addition, we also needs to check whether to consider some smaller BWs other than the maximum CBW for each SCS.
Proposal 7: For RedCap with FH, new accuracy requirements are defined based same channel, Es/Iot side condition and sample number as requirements for non-FH. 
Proposal 8: For RedCap with FH, RAN4 to discuss the per hop BW and total measurement BW across all hops for defining accuracy requirements. 
PRS CA
For PRS CA, up to 3 PFLs can be aggregated, and we suggest to define accuracy requirements for 2-PFL and 3-PFL, respectively. In our view, the same channel, Es/Iot side condition and sample number as requirements for non-FH can be reused. The new aspect is on the BW per PFL.
In existing requirements, some small BW are considered such as 5MHz and 10MHz. We do not think they are typical per-PFL BW for PRS CA. On the other hand, some large BW like 100MHz is not considered but they may be typical for PRS CA. We suggest to at least consider 100MHz for 30kHz SCS, and the BWs in Proposal 9 are suggested as a starting point for defining requirements. 
We also provide a simulation assumption in the our companion paper for the Core part.
[bookmark: _Hlk149233908]Proposal 9: For PRS CA, RAN4 to define RSTD and UE Rx-Tx accuracy requirements for 2-PFL and 3-PFL, based same channel, Es/Iot side condition and sample number as requirements for single PFL.
Proposal 10: For PRS CA, RAN4 to use the following per PFL BW as starting point to define accuracy requirements for RSTD and UE Rx-Tx.
· 15kHz SCS: 104 (20M)
· 30kHz SCS: 132 (50M), 272 (100M)
· 60kHz SCS FR1: 64 (50M), 132 (100M)
· 60kHz SCS FR2: 64 (50M), 132 (100M)
· 120kHz SCS: 64 (100M), 128 (200M)
CPP
For CPP, RAN4 needs to discuss for which measurements to define accuracy requirements. We suggest RAN4 to define accuracy requirements for DL RSCPD and relative accuracy for DL RSCP, and RAN4 not to define absolute accuracy requirements for DL RSCP.
As discussed in previous meetings, we do not think it is feasible or meaningful to define absolute accuracy for DL RSCP. The initial phase at both gNB transmitter and UE receiver are random, which makes it almost impossible to define an ideal value for the DL RSCP. Technically, we do not think the absolute DL RSCP will be used for positioning fix at LMF side, instead it is mainly used in “differential” way.
For the same reason, RAN4 should not define gNB accuracy requirements for UL RSCP. It is noted that on UE side, we can define relative accuracy for DL RSCP because two DL RSCPs are measured by the same UE, but for gNB we cannot define relative accuracy for UL RSCP because two UL RSCPs are measured by different gNBs.
Proposal 11: RAN4 to define accuracy requirements for DL RSCPD and relative accuracy for DL RSCP. RAN4 not to define absolute accuracy requirements for DL RSCP.
Proposal 12: RAN4 not to define accuracy requirements for UL RSCP.
For CPP, RAN4 has already agreed on the channel and Es/Iot conditions. Based on RAN1 agreement, it is also clear that the accuracy should be based on single sample. What remains open is the PRS BW. In our view, the same BW groups as used in existing RSTD and UE Rx-Tx accuracy requirements can be reused.
Proposal 13: Accuracy requirements for CPP measurements are defined using same RB numbers as used in existing RSTD and UE Rx-Tx accuracy requirements.
Conclusions
In this paper we provided our views on accuracy requirements for Rel-18 positioning. 
Proposal 1: RAN4 to define accuracy requirements for the following SL PRS measurements: SL RSTD, SL Rx-Tx, SL PRS-RSRP, SL PRS-RSRPP, SL AoA/ZoA. RAN4 not to define accuracy requirements for SL RTOA.
Proposal 2: Accuracy requirements for SL PRS measurements are defined for following RB numbers
· 15kHz SCS: 48, 96
· 30kHz SCS: 24, 48, 96
· 60kHz SCS: 24, 48
Proposal 3: Accuracy requirements for SL PRS measurements are defined based on 
· Es/Iot side condition of (0, -3, -3)dB or (0, 0, 0)dB
· Same channel as their Uu counterparts, FFS for SL AoA/ZoA
· Nsample = 1
Proposal 4: Existing accuracy requirements are applicable for PRS measurement in INACTIVE with eDRX, and PRS measurement in IDLE.
Proposal 5: For RedCap with 2RX without FH, existing accuracy requirements are reused except for the applicable BW.
Proposal 6: For RedCap with 1RX without FH, new accuracy requirements are defined based on the agreed Es/Iot side condition and related simulation results. 
Proposal 7: For RedCap with FH, new accuracy requirements are defined based same channel, Es/Iot side condition and sample number as requirements for non-FH. 
Proposal 8: For RedCap with FH, RAN4 to discuss the per hop BW and total measurement BW across all hops for defining accuracy requirements. 
Proposal 9: For PRS CA, RAN4 to define RSTD and UE Rx-Tx accuracy requirements for 2-PFL and 3-PFL, based same channel, Es/Iot side condition and sample number as requirements for single PFL.
Proposal 10: For PRS CA, RAN4 to use the following per PFL BW as starting point to define accuracy requirements for RSTD and UE Rx-Tx.
· 15kHz SCS: 104 (20M)
· 30kHz SCS: 132 (50M), 272 (100M)
· 60kHz SCS FR1: 64 (50M), 132 (100M)
· 60kHz SCS FR2: 64 (50M), 132 (100M)
· 120kHz SCS: 64 (100M), 128 (200M)
Proposal 11: RAN4 to define accuracy requirements for DL RSCPD and relative accuracy for DL RSCP. RAN4 not to define absolute accuracy requirements for DL RSCP.
Proposal 12: RAN4 not to define accuracy requirements for UL RSCP.
Proposal 13: Accuracy requirements for CPP measurements are defined using same RB numbers as used in existing RSTD and UE Rx-Tx accuracy requirements.
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