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Introduction
In RAN1#110, discussion has been carried out on RedCap positioning from several aspects including the target requirements, performance evaluation and potential enhancements. As a result, considerable progress has been made [1], where relevant agreements are excerpted as follows.
	Agreement
For the purpose of the Rel-18 study 
· The target accuracy requirements for RedCap UEs for commercial use cases are defined as follows:
· Indoor and outdoor
· Horizontal position accuracy (< 3 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs 
· The target accuracy requirements for RedCap UEs for IIoT use cases are defined as follows:
· Horizontal position accuracy (<1 m) for 90% of UEs 
· Vertical position accuracy (< 3 m) for 90% of UEs  
· Note: the requirements may not be met in all scenarios and use cases



	Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:
· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations
· Impact of RF retuning during frequency hopping
· Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS



In this paper, we first provide the evaluation results on the positioning performance for RedCap UEs, and then present our views on potential benefits and performance gains of frequency hopping.

Discussion
Evaluation Results
In RAN1#109-e, initial progress has been made on the evaluation assumption and methodologies for RedCap positioning [2]. Furthermore, more agreements on requirements and evaluation assumptions have been achieved during RAN1#110 [1]. Accordingly, we update the simulation results of achievable positioning accuracy for RedCap positioning using existing positioning methods, e.g. UL-TDOA. As is shown in Figure 2.2-1, we compare the positioning performance of eMBB UE with 100MHz bandwidth (Case 1) and that of RedCap UE with 20MHz bandwidth (Case 2). Meanwhile, Table 2.2-1 presents the evaluation results for RedCap UEs in the InF-SH and UMi scenarios with simulation assumptions in Appendix A.

 Case 1. Single 100MHz
(eMBB UE)
Case 2. Single 20MHz 
(RedCap UE)

[bookmark: _Ref81830931][bookmark: _Toc100570251]Figure 2.2-1 Simulation scenarios for the RedCap positioning
· Case 1: SRS transmission with a single 100MHz (eMBB UE).
· Case 2: SRS transmission with a single 20MHz (RedCap UE).

[bookmark: _Ref100581877][bookmark: _Ref52281493]Table 2.2-1 Positioning accuracy comparison of RedCap UE and eMBB UE
	Cases
	
	50%
	67%
	80%
	90%
	Whether the requirement is met or not met

	Case 111
InF-SH, FR1, UL-TDOA, 100MHz
	All UEs
	0.035
	0.061
	0.117
	0.258
	\

	
	Convex UEs
	0.028
	0.048
	0.077
	0.128
	\

	Case 112
InF-SH, FR1, UL-TDOA, 20MHz
	All UEs
	0.632
	1.035
	1.677
	3.119
	No

	
	Convex UEs
	0.371
	0.563
	0.824
	1.249
	No

	Case 113
UMi, FR1, UL-TDOA, 100MHz
	\
	0.137
	0.244
	0.525
	2.196
	\

	Case 114
 UMi, FR1, UL-TDOA, 20MHz  
	\
	1.725
	3.116
	5.526
	18.823
	No



Recall that RAN1#110 has achieved a consensus on the target requirements of RedCap positioning for both commercial and IIoT use cases. Based on the simulation results of Table 2.2-1, we can observe that the performance of RedCap positioning is seriously degraded due to the reduced bandwidth, which fails to meet the target requirements as agreed in RAN1#110. So we have the following observations:
Observation 1: In the 3GPP InF-SH Scenario, for both all UEs and convex UEs, the positioning accuracy (horizontal) for RedCap UE fails to meet the target requirements for IIoT use cases (<1m@90%).
Observation 2: In the 3GPP UMi Scenario, there is a huge performance gap between the RedCap positioning with 20MHz and the target requirements.

Frequency hopping based enhancements
Based on the evaluation results for various scenarios, it can be observed that there is still a gap between RedCap positioning with existing methods and the target requirements. During RAN1#110, the frequency hopping based solution is proposed by quite a number of companies, which was considered as a potential solution to improve the positioning accuracy by effectively addressing the phase discontinuity between different hops. However, companies also raised some concerns that may affect the positioning accuracy, including
· Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations 
· RF retuning during frequency hopping

Evaluation of frequency hopping solution
In this section, we first provide the evaluation results for the frequency hopping solution. Then the impacts of different factors are examined, where we mainly focus on the influence of phase offset, the time gap between hops, and timing drift. For the Doppler issue, we think it is not a key factor for RedCap UEs with low mobility (e.g. ), while the positioning results would anyhow be inaccurate for fast moving UEs not only for RedCap UEs. For the power imbalance among hops, we believe it is better to refer to RAN4’s expertise.
For better analysis, we present the performance evaluation results of the following solutions:
· Solution 1: Frequency hopping (FH) without phase compensation
· The receiver directly combines the reference signals from different hops into a “wide-band” reference signal (e.g. 100MHz or close to 100MHz) and performs TOA measurements, regardless of the phase error. When it involves UL or DL positioning, we consider FH transmission and FH reception respectively, as shown in Table 2.2.1-1. Note that for FH reception (Solution 1b), we assume that the TRP transmits a “wide-band” (e.g., 100MHz) PRS, while the receiver (RedCap UE) performs coherent reception to obtain the positioning results.
Solution 1a. (Non-overlapped) FH transmission
Solution 1b. (Non-overlapped) FH reception

Figure 2.2.1-1 Solutions for Frequency hopping positioning without phase compensation

· Solution 2: Overlapped FH with phase compensation
· The receiver performs phase estimation and compensation for every two adjacent hops. The final positioning result is obtained by utilizing the “wide-band” reference signal spliced by the reference signals from several consecutive hops. Similarly, the following two sub-solutions are considered for UL and DL positioning, respectively.
Solution 2a. Overlapped FH transmission
Solution 2b. Overlapped FH reception

Figure 2.2.1-2 Solutions for overlapped Frequency hopping positioning with phase compensation

Evaluation results for InF-SH scenario
The evaluation results of frequency hopping based solutions for InF-SH scenario are shown in Table 2.2.1-1 (UL-TDOA) and Table 2.2.1-2 (DL-TDOA). Specifically, we evaluate the impact of phase offset (w/o or with phase compensation), the time gap between hops and the timing drift on the performance of the overlapped frequency hopping based solutions. Note that the timing offset is assumed as 0.1ppm (according to the definition in TS 38.101 6.4.1), and details of modelling in given in Appendix A.
	6.4.1	Frequency error
The UE basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.



[bookmark: _Ref114509201]Table 2.2.1-1 Positioning performance of the FH transmission solutions for InF-SH scenario (UL-TDOA)
	Cases
	
	50%
	67%
	80%
	90%
	Whether the requirement is met or not met

	Case 211: Solution 1a
InF-SH, FR1, UL-TDOA, 
FH w/o phase compensation

	All UEs
	6.497
	8.782
	12.015
	17.079
	No

	
	Convex UEs
	5.071
	6.846
	9.099
	13.241
	No

	Case 212: Solution 2a
InF-SH, FR1, UL-TDOA, 
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
Time drift: 0 ppm (ideal)
	All UEs
	0.041
	0.067
	0.117
	0.251
	Yes

	
	Convex UEs
	0.029
	0.043
	0.065
	0.111
	Yes

	Case 213: Solution 2a
InF-SH, FR1, UL-TDOA, 
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
Time drift: 0.1 ppm
	All UEs
	0.041
	0.068
	0.118
	0.262
	Yes

	
	
Convex UEs
	0.031
	0.042
	0.064
	0.111
	
Yes

	Case 214: Solution 2a 
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 250us (7 symbols)
Time drift: 0 ppm (ideal)
	All UEs
	0.047
	0.074
	0.121
	0.265
	Yes

	
	
Convex UEs
	0.037
	0.052
	0.073
	0.113
	
Yes

	Case 215: Solution 2a 
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 250us (7 symbols)
Time drift: 0.1 ppm
	All UEs
	0.052
	0.079
	0.120
	0.300
	Yes

	
	
Convex UEs
	0.040
	0.054
	0.074
	0.138
	
Yes

	Case 216: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 0.5ms (1 slot)
Time drift: 0 ppm (ideal)
	All UEs
	0.084
	0.122
	0.191
	0.394
	Yes

	
	
Convex UEs
	0.051
	0.072
	0.094
	0.148
	
Yes

	Case 217: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 0.5ms (1 slot)
Time drift: 0.1 ppm
	All UEs
	0.084
	0.129
	0.195
	0.401
	Yes

	
	
Convex UEs
	0.064
	0.082
	0.109
	0.161
	
Yes

	Case 218: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 1ms (2 slots)
Time drift: 0 ppm (ideal)
	All UEs
	0.147
	0.204
	0.306
	0.557
	Yes

	
	
Convex UEs
	0.117
	0.147
	0.190
	0.244
	
Yes

	Case 219: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 1ms (2 slots)
Time drift: 0.1 ppm
	All UEs
	0.155
	0.215
	0.315
	0.585
	Yes

	
	
Convex UEs
	0.124
	0.156
	0.200
	0.265
	
Yes

	Case 220: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 5ms (10 slots)
Time drift: 0 ppm (ideal)
	All UEs
	0.710
	0.967
	1.387
	2.313
	No

	
	
Convex UEs
	0.594
	0.716
	0.837
	1.137
	
No

	Case 221: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 5ms (10 slots)
Time drift: 0.1 ppm
	All UEs
	0.720
	0.971
	1.452
	2.449
	No

	
	
Convex UEs
	0.602
	0.738
	0.872
	1.166
	
No



[bookmark: _Ref114848615]Table 2.2.1-2 Positioning performance of the FH reception solutions for InF-SH scenario (DL-TDOA)
	Cases
	
	50%
	67%
	80%
	90%
	Whether the requirement is met or not met

	Case 311: Solution 1b
InF-SH, FR1, DL-TDOA, 
FH w/o phase compensation

	All UEs
	6.245
	8.792
	12.765
	21.082
	No

	
	Convex UEs
	4.822
	6.306
	8.320
	12.382
	No

	Case 312: Solution 2b
InF-SH, FR1, DL-TDOA, 
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
Time drift: 0 ppm (ideal)
	All UEs
	0.057
	0092
	0.159
	0.425
	Yes

	
	
Convex UEs
	0.040
	0.062
	0.097
	0.194
	
Yes

	Case 313: Solution 2b
InF-SH, FR1, DL-TDOA, 
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
Time drift: 0.1 ppm
	All UEs
	0.058
	0.101
	0.180
	0.484
	Yes

	
	
Convex UEs
	0.044
	0.065
	0.107
	0.249
	
Yes

	Case 314: Solution 2b 
InF-SH, FR1, DL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 250us (7 symbols)
Time drift: 0 ppm (ideal)
	All UEs
	0.061
	0.101
	0.185
	0.488
	Yes

	
	
Convex UEs
	0.046
	0.066
	0.108
	0.251
	
Yes

	Case 315: Solution 2b 
InF-SH, FR1, DL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 250us (7 symbols)
Time drift: 0.1 ppm
	All UEs
	0.072
	0.117
	0.222
	0.527
	Yes

	
	
Convex UEs
	0.054
	0.081
	0.129
	0.341
	
Yes

	Case 316: Solution 2b
InF-SH, FR1, DL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 0.5ms (1 slot)
Time drift: 0 ppm (ideal)
	All UEs
	0.101
	0.154
	0.267
	0.602
	Yes

	
	
Convex UEs
	0.077
	0.102
	0.143
	0.271
	
Yes

	Case 317: Solution 2b
InF-SH, FR1, DL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 0.5ms (1 slot)
Time drift: 0.1 ppm
	All UEs
	0.100
	0.151
	0.243
	0.713
	Yes

	
	
Convex UEs
	0.077
	0.103
	0.145
	0.281
	
Yes

	Case 318: Solution 2b
InF-SH, FR1, DL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 1ms (2 slots)
Time drift: 0 ppm (ideal)
	All UEs
	0.155
	0.223
	0.368
	0.788
	Yes

	
	
Convex UEs
	0.125
	0.157
	0.205
	0.366
	
Yes

	Case 319: Solution 2b
InF-SH, FR1, DL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 1ms (2 slots)
Time drift: 0.1 ppm
	All UEs
	0.163
	0.229
	0.359
	0.838
	Yes

	
	
Convex UEs
	0.129
	0.166
	0.216
	0.368
	
Yes

	Case 320: Solution 2b
InF-SH, FR1, DL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 5ms (10 slots)
Time drift: 0 ppm (ideal)
	All UEs
	0.711
	1.026
	1.671
	2.988
	No

	
	
Convex UEs
	0.589
	0.703
	0.906
	1.244
	
No

	Case 321: Solution 2b
InF-SH, FR1, DL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 5ms (10 slots)
Time drift: 0.1 ppm
	All UEs
	0.724
	1.001
	1.517
	3.086
	No

	
	
Convex UEs
	0.593
	0.720
	0.909
	1.349
	
No



According to the evaluation results, we can find that the positioning accuracy is largely degraded by the phase offset, as is shown in Case 211 and Case 311. Meanwhile, the evaluation results of Case 212~219 and Case 312~319 demonstrate the advantage of the overlapped frequency hopping solution in addressing the random phase offset issue and improving the positioning accuracy to meet the target requirement. 
Observation 3: In the 3GPP InF-SH Scenario, the overlapped frequency hopping transmission/reception solution can effectively address the random phase offset issue and improve the positioning accuracy of RedCap UEs to meet the target requirements for IIoT use cases (<1m@90%).

For the impact of timing offset (including the time gap and timing drift), we observe that the positioning performance of the overlapped frequency hopping solution is still able to meet the target requirement (<1m@90%) in the case when the time gap is smaller than 5ms and the timing drift is assumed as 0.1ppm (as in TS 38.101 6.4.1).
Observation 4: In the 3GPP InF-SH Scenario, 
· When the time gap is less than 5ms, the positioning accuracy (horizontal) for overlapped frequency hopping transmission/reception can still meet the target requirements for IIoT use cases (<1m@90%).
· The timing drift has little impact on the positioning accuracy with small time gap (e.g. <5ms) between hops.

Evaluation results for UMi scenario
In this section, we provide the evaluation results of frequency hopping based solutions for UMi scenario, which is given by Table 2.2.1-3. 
[bookmark: _Ref114218967]Table 2.2.1-3 Positioning performance of the FH solutions for UMi scenario
	Cases
	50%
	67%
	80%
	90%
	Whether the requirement is met or not met

	Case 411: Solution 1a
UMi, FR1, UL-TDOA,
FH w/o phase compensation

	7.454
	12.524
	20.676
	36.231
	
No

	Case 412: Solution 2a
UMi, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 140us
	1.787
	6.656
	18.834
	36.640
	
No

	Case 413: Solution 1b
UMi, FR1, DL-TDOA, 
FH w/o phase compensation
	7.098
	10.968
	16.332
	26.989
	
No

	Case 414: Solution 2b
UMi, FR1, DL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
	0.168
	0.291
	0.675
	4.285
	
No



From the above evaluation results, it can be observed that the overlapped frequency hopping reception method (Solution 2b) can improve the positioning accuracy to a great extent, which is shown in Table 2.2.1-3. Note that we only provide the positioning performance for the overlapped frequency hopping reception method with a small time gap (140us) between hops, i.e., Case 314.  However, even with a relatively small time gap between adjacent hops (i.e., 140us), the positioning accuracy still cannot meet the target requirement for commercial use cases (<3m@90%), but the performance gap is considerably reduced.
Observation 5: In the 3GPP UMi Scenario, the positioning accuracy can be largely improved (~4m@90%) for RedCap UE with the overlapped frequency hopping reception.

Consideration on RedCap UE capability and complexity
The evaluation results presented in Section 2.2.1 show the advantages of overlapped frequency hopping transmission/reception solutions (Solution 2a/Solution 2b) in addressing the random phase offset issue and improving the positioning accuracy. Considering the reduced bandwidth capability of RedCap UEs, we think SRS transmission in a frequency hopping way (Solution 2a) is more complexity-friendly, when compared with frequency hopping-mode PRS reception (Solution 2b). This is because for overlapped frequency hopping reception (Solution 2b), the UE shall perform phase estimation and compensation for every two adjacent hops, and then obtain the positioning results by utilizing the “wide-band” reference signal spliced by the reference signals from several hops, which adds the complexity to RedCap UEs.
Proposal 1: Study the overlapped SRS frequency hopping transmission for RedCap positioning considering UE complexity.

Consideration on RF retuning
Based on the analysis in Section 2.2.1.1, we can find that the positioning accuracy may fail to meet the target requirement when the time gap between hops approximates or exceeds 5ms, as shown in Case 220, Case 221, Case 320 and Case 321. It also implies that a complete hopping process (i.e. five consecutive hops) should be completed in a short time (e.g. one frame) for accurate phase estimation, especially for TDD system with scarce uplink resources. 
Figure 2.2.3-1 presents an illustration of the time duration of a complete hopping process (i.e. five consecutive hops) with varying average time gaps between hops. For example, to guarantee a complete hopping process (i.e. five consecutive hops) to be finish within 2 slots, the average time gap between adjacent hops should be no more than 140us (4 symbols). When taking the flexible timeslot into account, the average time gap should be no more than 267us (8 symbols). 
[bookmark: _Ref114838430]Figure 2.2.3-1 Illustration of time duration of a complete hopping process (i.e. five hops) UL: DL=2:8, SCS = 30kHz
Time gap  70us (2 symbols)
Time gap  140us (4 symbols)
Time gap  267us (8 symbols)
Time gap  0.5ms (1 slot)
Overlapped part in frequency domain


As the bandwidth capability of RedCap UE is reduced to 20MHz, the frequency hopping solution may be performed by BWP switching. In current specs, BWP switching can be achieved via three ways, including DCI-based, timer-based and RRC-based. For DCI and timer-based BWP switching mechanisms, BWP switch delay requirements as specified in 3GPP TS 38.133 are given in Table 2.2.3-1. For RRC-based BWP switching, the BWP switch delay is even larger, i.e., several milliseconds.
[bookmark: _Ref115086210]Table 2.2.3-1 DCI and timer-based BWP switch delay requirements
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1 
	3

	1
	0.5
	2 
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



[bookmark: _Hlk114481516]Therefore, to meet the aforementioned target requirements, a “short” switching time between adjacent hops should be introduced, e.g., considering sub-ms level switching time for SRS Tx transmission between adjacent hops. 

Recall that in Rel-17 RAN1#107-e, we made the following agreements on SRS transmission for RRC_INACTIVE UE. Furthermore, for Option 2 of SRS transmission in RRC_INACTIVE, a UE capability for switching time between SRS Tx and other Tx in initial UL BWP or Rx in initial DL BWP is introduced, which can be considered as a baseline for the study of fast switching of SRS Tx transmission between adjacent hops for RedCap positioning adopting frequency hopping.
	[bookmark: _Hlk114481062]Agreement
· The following options are supported for SRS for positioning transmission by RRC_INACTIVE UEs:
· Option 1:
· Subject to UE capability (which is a prerequisite for option 2), a UE may be configured with an SRS for Positioning associated with the initial UL BWP and transmitted, during the RRC_INACTIVE state, inside the initial UL BWP with the same CP and SCS as configured for initial UL BWP.
· Option 2:
· Subject to UE capability, a UE may be configured with an SRS for Positioning where the following parameters are additionally configured for the transmission of the SRS for Positioning during the RRC_INACTIVE state: frequency location and bandwidth, SCS, CP length. 
· The UE shall not transmit the SRS for Positioning when it is expected to perform UL transmissions in the initial UL BWP in RRC_INACTIVE state.



	Agreement
For Option 2 of SRS for positioning transmission in RRC_INACTIVE, the UE capability of switching time between SRS Tx and other Tx in initial UL BWP is introduced also for FDD.
· The switching time value(s) are left up to RAN4 discussion
· If the transmission of SRS for positioning with the switching time collides in time domain with other UL transmission for FDD, the SRS for positioning transmission is dropped in the symbols where the collision occurs.



Proposal 2: Study the fast switching of SRS Tx transmission (e.g., sub-ms level switching time) between adjacent hops for frequency hopping based positioning for RedCap UEs.

Conclusion
In this contribution, we present the evaluation results and provide our views on the frequency hopping solution to meet the target requirements for RedCap positioning. Based on the above analysis, we have the following observations and proposals.
Observation 1: In the 3GPP InF-SH Scenario, for both all UEs and convex UEs, the positioning accuracy (horizontal) for RedCap UE fails to meet the target requirements for IIoT use cases (<1m@90%).
Observation 2: In the 3GPP UMi Scenario, there is a huge performance gap between the RedCap positioning with 20MHz and the target requirements.
Observation 3: In the 3GPP InF-SH Scenario, the overlapped frequency hopping transmission/reception solution can effectively address the random phase offset issue and improve the positioning accuracy of RedCap UEs to meet the target requirements for IIoT use cases (<1m@90%).
Observation 4: In the 3GPP InF-SH Scenario, 
· When the time gap is less than 5ms, the positioning accuracy (horizontal) for overlapped frequency hopping transmission/reception can still meet the target requirements for IIoT use cases (<1m@90%).
· The timing drift has little impact on the positioning accuracy with small time gap (e.g. <5ms) between hops.
Observation 5: In the 3GPP UMi Scenario, the positioning accuracy can be largely improved (~4m@90%) for RedCap UE with the overlapped frequency hopping reception.

Proposal 1: Study the overlapped SRS frequency hopping transmission for RedCap positioning considering UE complexity.
Proposal 2: Study the fast switching of SRS Tx transmission (e.g., sub-ms level switching time) between adjacent hops for frequency hopping based positioning for RedCap UEs.

Reference
[1] [bookmark: _Ref94100334][bookmark: _Ref100738124][bookmark: _Ref86845911]RAN1, Chair’s Notes RAN1#110 v20, RAN1#110, Toulouse, France, 22nd – 26th Aug., 2022.
[2] [bookmark: _Ref114147031]RAN1, Chair’s Notes RAN1#109-e v19, RAN1#109-e, e-Meeting, 9th – 20th May, 2022.

[bookmark: _Ref114921536]Appendix A
In this part, the simulation scenarios and parameters are presented for the evaluation of RedCap positioning.
1) Scenario
We consider an InF-SH (Indoor Factory, Sparse-clutter) scenario as follows, where the clutter density is 20%, the clutter height is set as 2m, and the clutter size is 10m. Meanwhile, we also consider the UMi scenario according to 3GPP TR 38.901 (UMi scenario).
[image: ]
2) Evaluation Parameters
Table A-1 Evaluation Scenarios and Parameters (Section 2.1)
	Parameter
	Case 111 (InF-SH, FR1)
	Case 112 (InF-SH, FR1)
	Case 113 (UMi, FR1)
	Case 114 (UMi, FR1)

	Scenario (baseline, otherwise state any modifications)
	Baseline 
	Baseline 
	Baseline 
	Baseline 

	Carrier frequency
	3.5GHz
	3.5GHz
	0.7GHz
	0.7GHz

	Subcarrier spacing
	30kHz
	30kHz
	30kHz
	30kHz

	Reference Signal Transmission Bandwidth
	20MHz
	100MHz
	20MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	PosSRS (Comb-2, 1 symbol)
	PosSRS (Comb-2, 1 symbol)
	PosSRS (Comb-2, 1 symbol)
	PosSRS (Comb-2, 1 symbol)

	Reference signal
(type of sequence, number of ports, …)
	ZC, single port
	ZC, single port
	ZC, single port
	ZC, single port

	Number of sites
	7
	7
	7
	7

	Number of symbols used per occasion
	1
	1
	1
	1

	number of occasions used per positioning estimate
	5
	5
	5
	5

	Power-boosting level
	6dB
	6dB
	6dB
	6dB

	Uplink power control (applied/not applied)
	Not applied
	Not applied
	Not applied
	Not applied

	interference modelling (ideal muting, or other)
	Ideal
	Ideal
	Ideal
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution
	Super resolution
	Super resolution
	Super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	PSO
	PSO
	PSO
	PSO

	Network synchronization assumptions
	Ideal
	Ideal
	Ideal
	Ideal

	UE/gNB RX and TX timing error
	0ns
	0ns
	0ns
	0ns

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping
	Tx beam sweeping
	Tx beam sweeping
	Tx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based
	Tx codebook-based
	Tx codebook-based
	Tx codebook-based

	UE antenna configuration
	(1,2,2,1,1)
	(1,2,2,1,1)
	(1,2,2,1,1)
	(1,2,2,1,1)

	Number of UE branches
	1
	1
	1
	1

	Description of enhancement solutions, if any
	No
	No
	No
	No

	gNB antenna configuration 
	(4,4,2,1,1)
	(4,4,2,1,1)
	(8,8,2,1,1)
	(8,8,2,1,1)

	UE antenna height
	1.5m
	1.5m
	1.5m
	1.5m

	gNB antenna height
	8m
	8m
	10m
	10m



Table A-2 Evaluation Scenarios and Parameters (Section 2.2.1.1, InF-SH, UL-TDOA)
	[bookmark: _Hlk114912141]Parameter
	Case 211 ~221
(InF-SH, FR1)

	Scenario (baseline, otherwise state any modifications)
	Baseline 

	Carrier frequency
	3.5GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	20MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	PosSRS (Comb-2, 1 symbol)

	Reference signal
(type of sequence, number of ports, …)
	ZC, single port

	Number of sites
	7

	Number of symbols used per occasion
	1

	number of occasions used per positioning estimate
	5

	Power-boosting level
	6dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	PSO

	Network synchronization assumptions
	Ideal

	UE/gNB RX and TX timing error
	0ns

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based

	UE antenna configuration
	(1,2,2,1,1)

	Number of UE branches
	1

	Description of enhancement solutions, if any
	No

	gNB antenna configuration 
	(4,4,2,1,1)

	UE antenna height
	1.5m

	gNB antenna height
	8m

	Time drift model
	A truncated Gaussian distribution with mean = 0 and standard deviation = 0.1ns/1ms

	Additional notes, if any
	Case 211: w/o phase compensation
Case 212: w/ phase compensation, time gap: 140us, time drift: 0 ppm
Case 213: w/ phase compensation, time gap: 140us, time drift: 0.1 ppm
Case 214: w/ phase compensation, time gap: 250us, time drift: 0 ppm
Case 215: w/ phase compensation, time gap: 250us, time drift: 0.1 ppm
Case 216: w/ phase compensation, time gap: 0.5ms, time drift: 0 ppm
Case 217: w/ phase compensation, time gap: 0.5ms, time drift: 0.1 ppm
Case 218: w/ phase compensation, time gap: 1ms, time drift: 0 ppm
Case 219: w/ phase compensation, time gap: 1ms, time drift: 0.1 ppm
Case 220: w/ phase compensation, time gap: 5ms, time drift: 0 ppm
Case 221: w/ phase compensation, time gap: 5ms, time drift: 0.1 ppm















Table A-3 Evaluation Scenarios and Parameters (Section 2.2.1.1, InF-SH, DL-TDOA)
	Parameter
	Case 311~321 (InF-SH, FR1)

	Scenario (baseline, otherwise state any modifications)
	Baseline 

	Carrier frequency
	3.5GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	20MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	PRS (Comb-2, 2 symbol)

	Reference signal
(type of sequence, number of ports, …)
	Gold, single port

	Number of sites
	7

	Number of symbols used per occasion
	1

	number of occasions used per positioning estimate
	5

	Power-boosting level
	6dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	PSO

	Network synchronization assumptions
	Ideal

	UE/gNB RX and TX timing error
	0ns

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based

	UE antenna configuration
	(1,2,2,1,1)

	Number of UE branches
	1

	Description of enhancement solutions, if any
	No

	gNB antenna configuration 
	(4,4,2,1,1)

	UE antenna height
	1.5m

	gNB antenna height
	8m

	Time drift model
	A truncated Gaussian distribution with mean = 0 and standard deviation = 0.1ns

	Additional notes, if any
	Case 311: w/o phase compensation
Case 312: w/ phase compensation, time gap: 140us, time drift: 0 ppm
Case 313: w/ phase compensation, time gap: 140us, time drift: 0.1 ppm
Case 314: w/ phase compensation, time gap: 250us, time drift: 0 ppm
Case 315: w/ phase compensation, time gap: 250us, time drift: 0.1 ppm
Case 316: w/ phase compensation, time gap: 0.5ms, time drift: 0 ppm
Case 317: w/ phase compensation, time gap: 0.5ms, time drift: 0.1 ppm
Case 318: w/ phase compensation, time gap: 1ms, time drift: 0 ppm
Case 319: w/ phase compensation, time gap: 1ms, time drift: 0.1 ppm
Case 320: w/ phase compensation, time gap: 5ms, time drift: 0 ppm
Case 321: w/ phase compensation, time gap: 5ms, time drift: 0.1 ppm



Table A-4 Evaluation Scenarios and Parameters (Section 2.2.1.2, UMi)
	Parameter
	Case 411 (UMi, FR1)
	Case 412 (UMi, FR1)
	Case 413 (UMi, FR1)
	Case 414 (UMi, FR1)

	Scenario (baseline, otherwise state any modifications)
	Baseline 
	Baseline 
	Baseline 
	Baseline 

	Carrier frequency
	0.7GHz
	0.7GHz
	0.7GHz
	0.7GHz

	Subcarrier spacing
	30kHz
	30kHz
	30kHz
	30kHz

	Reference Signal Transmission Bandwidth
	20MHz
	20MHz
	20MHz
	20MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	PosSRS (Comb-2, 1 symbol)
	PosSRS (Comb-2, 1 symbol)
	PRS (Comb-2, 2 symbol)
	PRS (Comb-2, 2 symbol)

	Reference signal
(type of sequence, number of ports, …)
	ZC, single port
	ZC, single port
	Gold, single port
	Gold, single port

	Number of sites
	7
	7
	7
	7

	Number of symbols used per occasion
	1
	1
	1
	1

	number of occasions used per positioning estimate
	5
	5
	5
	5

	Power-boosting level
	6dB
	6dB
	6dB
	6dB

	Uplink power control (applied/not applied)
	Not applied
	Not applied
	Not applied
	Not applied

	interference modelling (ideal muting, or other)
	Ideal
	Ideal
	Ideal
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution
	Super resolution
	Super resolution
	Super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	PSO
	PSO
	PSO
	PSO

	Network synchronization assumptions
	Ideal
	Ideal
	Ideal
	Ideal

	UE/gNB RX and TX timing error
	0ns
	0ns
	0ns
	0ns

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping
	Tx beam sweeping
	Tx beam sweeping
	Tx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based
	Tx codebook-based
	Tx codebook-based
	Tx codebook-based

	UE antenna configuration
	(1,2,2,1,1)
	(1,2,2,1,1)
	(1,2,2,1,1)
	(1,2,2,1,1)

	Number of UE branches
	1
	1
	1
	1

	Description of enhancement solutions, if any
	No
	No
	No
	No

	gNB antenna configuration 
	(8,8,2,1,1)
	(8,8,2,1,1)
	(8,8,2,1,1)
	(8,8,2,1,1)

	UE antenna height
	1.5m
	1.5m
	1.5m
	1.5m

	gNB antenna height
	10m
	10m
	10m
	10m

	Additional notes, if any
	UL-TDOA,
w/o phase compensation
	UL-TDOA,
w/ phase compensation
time gap: 140us
	DL-TDOA, w/o phase compensation
	DL-TDOA, 
w/ phase compensation
time gap: 140us
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