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Introduction
In RAN1#110bis, discussion has been carried out on RedCap positioning from several aspects including the evaluation assumption, potential solutions and recommendations for TR. As a result, considerable progress has been made [1], where relevant agreements are excerpted as follows.
	Agreement
· For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of the gap between two consecutive hops includes at least from 100us to 5ms.
· Companies should indicate if other smaller values are used in their evaluations, and justify the feasibility of smaller values

Agreement
· For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of UE speed includes 3 km/h, 30 km/h, 60km/h.
· Other values are not precluded



	Agreement
· Study the potential enhancement of the UL SRS for positioning to enable Tx frequency hopping, including but not limited to partial overlapping between hops, hopping bandwidth, time gap between frequency hopping.
 
Agreement
· Study the potential enhancement of the DL PRS to enable Tx or Rx frequency hopping, including but not limited to impact on processing capability, hopping bandwidth in the positioning frequency layer, time gap between frequency hopping, measurement period, partial overlapping between hops.



In this paper, we first provide the evaluation results on the positioning performance for RedCap UEs with frequency hopping solutions, and then present our views on potential enhancement and spec impacts.

Evaluation Results of Frequency Hopping Solutions
The evaluation results for the comparison of RedCap UE and eMBB UE in term of achievable positioning accuracy is presented in Table 2- 1,  it can be observed that there is still a gap between RedCap positioning with existing methods and the target requirements [2]. During the previous meetings, the frequency hopping based solution was 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. Further, during RAN1#110bis-e meeting, it was agreed to study some impact factors that may affect the positioning accuracy, including time gap between frequency hopping, UE speed, hopping bandwidth, etc.



[bookmark: _Ref118703277][bookmark: _Ref52281493][bookmark: OLE_LINK27][bookmark: OLE_LINK36]Table 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
	0.028
	0.049
	0.081
	0.137
	\

	
	Convex UEs
	0.018
	0.032
	0.052
	0.085
	\

	[bookmark: OLE_LINK28][bookmark: _Hlk118475687]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



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 2.1-1. 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

[bookmark: _Ref118275350]Figure 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

[bookmark: _Ref118275354]Figure 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 2.1-1 (UL-TDOA) and Table 2.1-2 (DL-TDOA). First, we evaluate the impact of 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. In addition, the impact of UE speed and partial overlap size on the positioning accuracy is evaluated with the assumption of a small time gap between two consecutive hops.
	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.



The impact of time gap between two consecutive hops
In this section, we present the performance of overlapped FH transmission/reception solution for UL-TDOA/DL-TDOA, as is shown in Table 2.1.1- 1 and Table 2.1.1- 2, respectively. To evaluate the impact of time gap between adjacent hops on the positioning accuracy, we show the results below when the time gap increases from 140us (4 symbols) to 5ms (10 slots) with 1RB overlap between the hops. Additionally, the timing drift on the positioning performance is also presented. 
[bookmark: _Ref114509201]Table 2.1.1- 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
[bookmark: _Hlk118275502]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 2.1.1- 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




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 1: In the 3GPP InF-SH Scenario, considering the impact of the time gap between hops
· 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.

The impact of UE speed
As is shown in Table 2.1.2- 1, we evaluate the impact of UE mobility on the positioning performance for the overlapped FH transmission with the assumption of a small time gap (140us) between two consecutive hops and 1RB overlap. 
[bookmark: _Ref118276325]Table 2.1.2- 1 Positioning performance of the FH solutions for InF-SH scenario
	Cases
	
	50%
	67%
	80%
	90%
	Whether the requirement is met or not met

	Case 411: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
UE speed: 3km/h
	All UEs
	0.041
	0.067
	0.117
	0.251
	Yes

	
	
Convex UEs
	0.029
	0.043
	0.065
	0.111
	Yes

	Case 412: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
UE speed: 30km/h
	All UEs
	0.105
	0.145
	0.204
	0.347
	Yes

	
	
Convex UEs
	0.086
	0.110
	0.137
	0.171
	Yes

	Case 413: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
UE speed: 60km/h
	All UEs
	0.199
	0.277
	0.397
	0.609
	Yes

	
	
Convex UEs
	0.165
	0.202
	0.245
	0.303
	Yes

	Case 414: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
UE speed: 120km/h
	All UEs
	0.385
	0.500
	0.695
	1.111
	No

	
	
Convex UEs
	0.316
	0.397
	0.472
	0.562
	Yes



Based on the evaluation results, it can be observed that with the assumption of a small time gap (140us) between the hops, the positioning accuracy is still acceptable when the UE speed increases to 60km/h. Based on our understanding, we think it is the most cases for RedCap UEs (e.g., sensors, wearables) with low mobility (e.g. ).
Observation 2: In the 3GPP InF-SH Scenario, considering the impact of UE speed in the case of a small gap between two consecutive hops (e.g., 140us)
· The positioning accuracy degrades with the increase of UE speed. However, when the UE speed is no more than 60km/h, the positioning accuracy (horizontal) for overlapped frequency hopping transmission/reception can still meet the target requirements for IIoT use cases.

The impact of partial overlap size
Concerning partial overlap size, the impact on positioning performance may include two aspects. On one hand, a large overlap size would bring more performance gain due to more accurate phase estimation. On the other hand, the effective bandwidth used for positioning (i.e., combined bandwidth after coherent reception) is reduced with the increase of overlap size. To demonstrate this, we present the impact of partial overlap size below, with the assumption of a small time gap (140us) between adjacent hops.
[bookmark: _Ref118278253]Table 2.1.3- 1 Positioning performance of the FH solutions for InF-SH scenario
	Cases
	
	50%
	67%
	80%
	90%
	Whether the requirement is met or not met

	Case 511: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
Overlap size: 1RB
	All UEs
	0.041
	0.067
	0.117
	0.251
	Yes

	
	Convex UEs
	0.029
	0.043
	0.065
	0.111
	Yes

	Case 512: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
Overlap size: 5RBs
	All UEs
	0.036
	0.058
	0.091
	0.164
	Yes

	
	Convex UEs
	0.027
	0.036
	0.056
	0.089
	Yes

	Case 513: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 140us (4 symbols)
Overlap size: 10RBs
	All UEs
	0.040
	0.065
	0.097
	0.179
	Yes

	
	Convex UEs
	0.030
	0.042
	0.060
	0.091
	Yes

	Case 514: Solution 2a
InF-SH, FR1, UL-TDOA,
Overlapped FH w/ phase compensation
Time gap between hops: 140us (7 symbols)
Overlap size: 15RBs
	All UEs
	0.049
	0.075
	0.119
	0.263
	Yes

	
	Convex UEs
	0.037
	0.053
	0.078
	0.126
	Yes



Based on the evaluation results shown in Table 2.1.3- 1, it can be observed that:
Observation 3: In the 3GPP InF-SH Scenario, considering the impact of partial overlap size in the case of a small gap between two consecutive hops (e.g., 140us)
· With a small partial overlap size (e.g. 1RB), the positioning accuracy (horizontal) for overlapped frequency hopping transmission/reception is able to meet the target requirements for IIoT use cases (<1m@90%).
· With the increase of partial overlap size (e.g., 15RBs), the positioning accuracy (horizontal) gain is not obvious due to the tradeoff between the channel estimation accuracy and total effective bandwidth.

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. 
[bookmark: _Ref118126268]Table 2.2- 1 Positioning performance of the FH solutions for UMi scenario
	Cases
	50%
	67%
	80%
	90%
	Whether the requirement is met or not met

	Case 611: Solution 1a
UMi, FR1, UL-TDOA,
FH w/o phase compensation

	7.454
	12.524
	20.676
	36.231
	No

	Case 612: 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 613: Solution 1b
UMi, FR1, DL-TDOA, 
FH w/o phase compensation
	7.098
	10.968
	16.332
	26.989
	No

	Case 614: 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 2.2-3. 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 4: In the 3GPP UMi Scenario, the positioning accuracy can be largely improved (~4m@90%) for RedCap UE with the overlapped frequency hopping reception.

Discussion
Consideration on RedCap UE capability and complexity
The evaluation results presented in Section 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: Considering UE complexity, the overlapped SRS frequency hopping transmission for RedCap positioning is recommended for normative work.

Consideration on SRS switching
Based on the analysis in Section 2.1, 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 3.2-1 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 3.2-1 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 3.2-1. For RRC-based BWP switching, the BWP switch delay is even larger, i.e., several milliseconds.
[bookmark: _Ref115086210]Table 3.2-1 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: Fast switching of SRS Tx transmission (e.g., sub-ms level switching time) between adjacent hops to enable Tx frequency hopping for RedCap UEs is recommended for normative work.

Identified specification impact
To enable TX/RX frequency hopping for RedCap UE, we think the existing RS configuration may be not workable. Considering the discrepancy between DL-PRS and UL-SRS configuration, the potential specification enhancements should be discussed separately.
UL SRS
For UL-SRS frequency hopping transmission, there may be two candidates to enable frequency hopping:
Enhance the existing SRS configuration associate within the active BWP and perform the frequency hopping the by BWP switching
Define the SRS configuration by introducing a separate BWP for SRS frequency hopping
In general, we think that the details can be left to the normative phase.
Proposal 3: Include the following text in the section 6.5.3 of the TR with regards to UL SRS frequency hopping configuration for RedCap UEs.
The enhancements of SRS configuration to enable SRS frequency hopping transmission for RedCap UEs should be supported, which at least include
· Potential configuration of partial overlap between consecutive hops 
· Time gap between consecutive hops.

DL PRS
For DL-PRS frequency hopping reception, companies have proposed two possible solutions. Regarding the spec enhancements, we think these two solutions should be considered accordingly.
Alt 1. Wide-band DL-PRS transmission (legacy scheme)
In this solution, the TRP transmits a “wide-band” PRS while the receiver (RedCap UE) performs the reception in a frequency hopping way. For the TRP side, there would be no difference from the case to support the positioning service for legacy eMBB UEs. However, there could be RAN4 impacts from the UE side, e.g., how to perform the measurement of a narrowband PRS from a wideband one.
Alt 2. DL-PRS frequency hopping transmission
If the TRP perform PRS transmission in a frequency hopping way, there would be huge spec impact since it’s not supported in previous releases. One tricky problem is that the PRS configuration is defined per positioning frequency layer instead of per BWP.
[bookmark: _GoBack]Alt 1. Wideband DL-PRS transmission
Alt 2. DL-PRS frequency hopping transmission

Figure 3.3- 1 Illustration of DL-PRS frequency hopping reception
We think that further selection from the two alternatives can be discussed in the work item phase.
Proposal 4: Include the following text in the section 6.5.3 of the TR with regards to DL PRS frequency hopping for RedCap UEs.
The enhancements of PRS frequency hopping based reception for RedCap UEs should be supported, including
· Frequency hopping based reception with a wide-band PRS transmission
· Frequency hopping based reception with a frequency hopping based transmission

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.
Observations:
Observation 1: In the 3GPP InF-SH Scenario, considering the impact of the time gap between hops
· 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 2: In the 3GPP InF-SH Scenario, considering the impact of UE speed in the case of a small gap between two consecutive hops (e.g., 140us)
· The positioning accuracy degrades with the increase of UE speed. However, when the UE speed is no more than 60km/h, the positioning accuracy (horizontal) for overlapped frequency hopping transmission/reception can still meet the target requirements for IIoT use cases.
Observation 3: In the 3GPP InF-SH Scenario, considering the impact of partial overlap size in the case of a small gap between two consecutive hops (e.g., 140us)
· With a small partial overlap size (e.g. 1RB), the positioning accuracy (horizontal) for overlapped frequency hopping transmission/reception is able to meet the target requirements for IIoT use cases (<1m@90%).
· With the increase of partial overlap size (e.g., 15RBs), the positioning accuracy (horizontal) gain is not obvious due to the tradeoff between the channel estimation accuracy and total effective bandwidth.
Observation 4: In the 3GPP UMi Scenario, the positioning accuracy can be largely improved (~4m@90%) for RedCap UE with the overlapped frequency hopping reception.

Proposals:
Proposal 1: Considering UE complexity, the overlapped SRS frequency hopping transmission for RedCap positioning is recommended for normative work.
Proposal 2: Fast switching of SRS Tx transmission (e.g., sub-ms level switching time) between adjacent hops to enable Tx frequency hopping for RedCap UEs is recommended for normative work.
Proposal 3: Include the following text in the section 6.5.3 of the TR with regards to UL SRS frequency hopping configuration for RedCap UEs.
The enhancements of SRS configuration to enable SRS frequency hopping transmission for RedCap UEs should be supported, which at least include
· Potential configuration of partial overlap between consecutive hops 
· Time gap between consecutive hops.
Proposal 4: Include the following text in the section 6.5.3 of the TR with regards to DL PRS frequency hopping for RedCap UEs.
The enhancements of PRS frequency hopping based reception for RedCap UEs should be supported, including
· Frequency hopping based reception with a wide-band PRS transmission
· Frequency hopping based reception with a frequency hopping based transmission
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Text proposal to the TR
Annex B.6: Evaluation Results for Positioning for RedCap UEs
[bookmark: _Toc55965346][bookmark: _Toc112369731][bookmark: _Hlk49500725]B.6.X	Results from source [X]
[bookmark: _Toc112369732][bookmark: _Toc55965347]B.6.X.1	Description of evaluation scenarios
We consider an InF-SH (Indoor Factory, Sparse-clutter) scenario, 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).
Evaluation assumptions for system level analysis for the baseline InF-SH scenario are provided in Table B.6.X.1-1.
Evaluation assumptions for system level analysis for the frequency hopping based enhancements with InF-SH UL-TDOA considering the time gap between hops and clock drift are provided in Table B.6.X.1-2.
Evaluation assumptions for system level analysis for the frequency hopping based enhancement with InF-SH DL-TDOA considering the time gap between hops and clock drift are provided in Table B.6.X.1-3.
Evaluation assumptions for system level analysis for the frequency hopping based enhancement with InF-SH UL-TDOA considering the UE speed are provided in Table B.6.X.1-4.
Evaluation assumptions for system level analysis for the frequency hopping based enhancement with InF-SH UL-TDOA considering the overlap size between consecutive hops are provided in Table B.6.X.1-5.
Evaluation assumptions for system level analysis for the frequency hopping based enhancement with UMi TDOA positioning are provided in Table B.6.X.1-6.

[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Table B.6.X.1-1: NR RedCap UE positioning - evaluation scenarios and parameters for baseline InF-SH from [X]
	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
	100MHz
	20MHz
	100MHz
	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)
	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 B.6.X.1-2: NR RedCap UE positioning - evaluation scenarios and parameters for InF-SH UL-TDOA frequency hopping considering the time gap between hops and clock drift from [X]
	[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 B.6.X.1-3: NR RedCap UE positioning - evaluation scenarios and parameters for InF-SH DL-TDOA frequency hopping considering the time gap between hops and clock drift from [X]
	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 B.6.X.1-4: NR RedCap UE positioning - evaluation scenarios and parameters for InF-SH UL-TDOA frequency hopping considering the UE speed from [X]
	Parameter
	Case 411 ~414
(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
	No

	Additional notes, if any
	Case 411: w/ phase compensation, time gap: 140us, UE Speed: 3km/h
Case 412: w/ phase compensation, time gap: 140us, UE Speed: 30km/h
Case 413: w/ phase compensation, time gap: 140us, UE Speed: 60km/h
Case 414: w/ phase compensation, time gap: 140us, UE Speed: 120km/h



Table B.6.X.1-5: NR RedCap UE positioning - evaluation scenarios and parameters for InF-SH UL-TDOA frequency hopping considering the overlap size between consecutive hops from [X]
	Parameter
	Case 511 ~514
(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
	No

	UE speed
	3km/h

	Additional notes, if any
	Case 511: w/ phase compensation, time gap: 140us, overlap size: 1RB
Case 512: w/ phase compensation, time gap: 140us, overlap size: 5RBs
Case 513: w/ phase compensation, time gap: 140us, overlap size: 10RBs
Case 514: w/ phase compensation, time gap: 140us, overlap size: 15RBs



Table B.6.X.1-6: NR RedCap UE positioning - evaluation scenarios and parameters for UMi frequency hopping from [X]
	Parameter
	Case 611 (UMi, FR1)
	Case 612 (UMi, FR1)
	Case 613 (UMi, FR1)
	Case 614 (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



[bookmark: _Toc112369733][bookmark: _Toc55965348]B.6.X.2	NR RedCap UE positioning accuracy evaluation results
Table B.6.X.2-1 provides summary of evaluation results for the baseline InF-SH.
Table B.6.X.2-2 provides the summary of evaluation results for the frequency hopping based enhancement with InF-SH UL-TDOA considering the time gap between hops and clock drift.
Table B.6.X.2-3 provides the summary of evaluation results for the frequency hopping based enhancements with InF-SH DL-TDOA considering the time gap between hops and clock drift.
Table B.6.X.2-4 provides the summary of evaluation results for the frequency hopping based enhancements with InF-SH UL-TDOA considering the UE speed.
Table B.6.X.2-5 provides the summary of evaluation results for the frequency hopping based enhancements with InF-SH UL-TDOA considering the overlap size between consecutive hops.
Table B.6.X.2-6 provides the summary of evaluation results for the frequency hopping based enhancements with UMi TDOA positioning.
For better analysis, we present the performance evaluation results of the following solutions:
· Solution 1a: Non-overlapped Frequency hopping transmission without phase compensation
· Solution 1b: Non-overlapped frequency hopping reception without phase compensation
· Solution 2a: Overlapped frequency hopping transmission with phase compensation 
· Solution 2b: Overlapped frequency hopping reception with phase compensation 

Table B.6.X.2-1: Rel-17 NR RedCap UE positioning (baseline) - horizontal location error results from [X]
	Cases
	
	50%
	67%
	80%
	90%
	Requirements met? (Yes/No)

	Case 111, InF-SH, FR1, UL-TDOA, 100MHz
	(Optional) All UEs
	0.028
	0.049
	0.081
	0.137
	\

	
	Convex UEs
	0.018
	0.032
	0.052
	0.085
	\

	Case 112, InF-SH, FR1, UL-TDOA, 20MHz
	(Optional) 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



Table B.6.X.2-2: Rel-17 NR RedCap UE positioning for InF-SH UL-TDOA frequency hopping considering the time gap between hops and clock drift - horizontal location error results from [X]
	Cases
	
	50%
	67%
	80%
	90%
	Requirements met? (Yes/No)

	Case 211, InF-SH, FR1, UL-TDOA, Solution 1a
Time gap between hops: 140us (4 symbols)
Time drift: 0 ppm (ideal)
	(Optional) All UEs
	6.497
	8.782
	12.015
	17.079
	No

	
	Convex UEs
	5.071
	6.846
	9.099
	13.241
	No

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

	
	Convex UEs
	0.029
	0.043
	0.065
	0.111
	Yes

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

	
	Convex UEs
	0.031
	0.042
	0.064
	0.111
	Yes

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

	
	Convex UEs
	0.037
	0.052
	0.073
	0.113
	Yes

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

	
	Convex UEs
	0.040
	0.054
	0.074
	0.138
	Yes

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

	
	Convex UEs
	0.051
	0.072
	0.094
	0.148
	Yes

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

	
	Convex UEs
	0.064
	0.082
	0.109
	0.161
	Yes

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

	
	Convex UEs
	0.117
	0.147
	0.190
	0.244
	Yes

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

	
	Convex UEs
	0.124
	0.156
	0.200
	0.265
	Yes

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

	
	Convex UEs
	0.594
	0.716
	0.837
	1.137
	No

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

	
	Convex UEs
	0.602
	0.738
	0.872
	1.166
	No



Table B.6.X.2-3: Rel-17 NR RedCap UE positioning for InF-SH DL-TDOA frequency hopping considering the time gap between hops and clock drift - horizontal location error results from [X]
	Cases
	
	50%
	67%
	80%
	90%
	Requirements met? (Yes/No)

	Case 311, InF-SH, FR1, DL-TDOA, Solution 1b
Time gap between hops: 140us (4 symbols)
Time drift: 0 ppm (ideal)
	(Optional) All UEs
	6.245
	8.792
	12.765
	21.082
	No

	
	Convex UEs
	4.822
	6.306
	8.320
	12.382
	No

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

	
	Convex UEs
	0.040
	0.062
	0.097
	0.194
	Yes

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

	
	Convex UEs
	0.044
	0.065
	0.107
	0.249
	Yes

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

	
	Convex UEs
	0.046
	0.066
	0.108
	0.251
	Yes

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

	
	Convex UEs
	0.054
	0.081
	0.129
	0.341
	Yes

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

	
	Convex UEs
	0.077
	0.102
	0.143
	0.271
	Yes

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

	
	Convex UEs
	0.077
	0.103
	0.145
	0.281
	Yes

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

	
	Convex UEs
	0.125
	0.157
	0.205
	0.366
	Yes

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

	
	Convex UEs
	0.129
	0.166
	0.216
	0.368
	Yes

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

	
	Convex UEs
	0.589
	0.703
	0.906
	1.244
	No

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

	
	Convex UEs
	0.593
	0.720
	0.909
	1.349
	No



Table B.6.X.2-4: Rel-17 NR RedCap UE positioning for InF-SH UL-TDOA frequency hopping considering the UE speed - horizontal location error results from [X]
	Cases
	
	50%
	67%
	80%
	90%
	Requirements met? (Yes/No)

	Case 411, InF-SH, FR1, UL-TDOA, Solution 2a
Time gap between hops: 140us (4 symbols)
UE speed: 3km/h
	(Optional) All UEs
	0.041
	0.067
	0.117
	0.251
	Yes

	
	Convex UEs
	0.029
	0.043
	0.065
	0.111
	Yes

	Case 412, InF-SH, FR1, UL-TDOA, Solution 2a
Time gap between hops: 140us (4 symbols)
UE speed: 30km/h
	(Optional) All UEs
	0.105
	0.145
	0.204
	0.347
	Yes

	
	Convex UEs
	0.086
	0.110
	0.137
	0.171
	Yes

	Case 413, InF-SH, FR1, UL-TDOA, Solution 2a
Time gap between hops: 140us (4 symbols)
UE speed: 60km/h
	(Optional) All UEs
	0.199
	0.277
	0.397
	0.609
	Yes

	
	Convex UEs
	0.165
	0.202
	0.245
	0.303
	Yes

	Case 414, InF-SH, FR1, UL-TDOA, Solution 2a
Time gap between hops: 140us (4 symbols)
UE speed: 120km/h
	(Optional) All UEs
	0.385
	0.500
	0.695
	1.111
	No

	
	Convex UEs
	0.316
	0.397
	0.472
	0.562
	Yes



Table B.6.X.2-5: Rel-17 NR RedCap UE positioning for InF-SH UL-TDOA frequency hopping considering the overlap size between consecutive hops - horizontal location error results from [X]
	Cases
	
	50%
	67%
	80%
	90%
	Requirements met? (Yes/No)

	Case 511, InF-SH, FR1, UL-TDOA, Solution 2a
Time gap between hops: 140us (4 symbols)
Overlap size: 1RB
	(Optional) All UEs
	0.041
	0.067
	0.117
	0.251
	Yes

	
	Convex UEs
	0.029
	0.043
	0.065
	0.111
	Yes

	Case 512, InF-SH, FR1, UL-TDOA, Solution 2a
Time gap between hops: 140us (4 symbols)
Overlap size: 5RBs
	(Optional) All UEs
	0.036
	0.058
	0.091
	0.164
	Yes

	
	Convex UEs
	0.027
	0.036
	0.056
	0.089
	Yes

	Case 513, InF-SH, FR1, UL-TDOA, Solution 2a
Time gap between hops: 140us (4 symbols)
Overlap size: 10RBs
	(Optional) All UEs
	0.040
	0.065
	0.097
	0.179
	Yes

	
	Convex UEs
	0.030
	0.042
	0.060
	0.091
	Yes

	Case 514, InF-SH, FR1, UL-TDOA, Solution 2a
Time gap between hops: 140us (4 symbols)
Overlap size: 15RBs
	(Optional) All UEs
	0.049
	0.075
	0.119
	0.263
	Yes

	
	Convex UEs
	0.037
	0.053
	0.078
	0.126
	Yes



Table B.6.X.2-6: Rel-17 NR RedCap UE positioning for UMi frequency hopping - horizontal location error results from [X]
	Cases
	50%
	67%
	80%
	90%
	Requirements met? (Yes/No)

	Case 611, UMi, FR1, UL-TDOA, Solution 1a
Time gap between hops: 140us (4 symbols)
	7.454
	12.524
	20.676
	36.231
	No

	Case 612, UMi, FR1, UL-TDOA, Solution 2a
Time gap between hops: 140us (4 symbols)
	1.787
	6.656
	18.834
	36.640
	No

	Case 613, UMi, FR1, DL-TDOA, Solution 1b
Time gap between hops: 140us (4 symbols)
	7.098
	10.968
	16.332
	26.989
	No

	Case 614, UMi, FR1, DL-TDOA, Solution 2b
Time gap between hops: 140us (4 symbols)
	0.168
	0.291
	0.675
	4.285
	No
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