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1 Introduction

In RAN4#94-e-Bis, the following was agreed for additional path reporting, as captured in [1]:
· Agreement: Reporting range for AdditionalPath to be ± 4.17 us

· Agreement: Same granularity as used for RSTD/Rx-Tx timing difference reporting
Furthermore, the following information on additional path report mapping was sent in the LS to RAN2 [2]:

· AdditionalPath reporting for RSTD and UE Rx-Tx time difference
· The reporting range is from -8175(Tc to +8175(Tc

· The reporting granularity is the same as for absolute RSTD reporting 
· The number of reportable entities, depending on k, is:

· k=0: 16352

· k=1: 8177

· k=2: 4089

· k=3: 2045

· k=4: 1023

· k=5: 512
The current RAN2 definition of the additional path reporting in LPP for NR is as shown in Annex A [TS 37.355]. The additional part reporting in LTE is shown in Annex B.
In this contribution, we discuss further details on additional path reporting for NR positioning.
2 Report mapping for additional path reporting in NR
Reporting additional paths with PRS-based UE timing measurements for NR positioning (PRS RSTD or UE Rx-Tx) is a UE capability. Together with each reported timing measurement for NR positioning, such UE can also report up to 2 additional paths. The reporting range is symmetric [1,2], i.e., both earlier and later paths can be reported, and is with respect to the path timing used for determining the corresponding nr-RSTD value, according to TS 37.355.

· Observation 1: With all equal step sizes, the maximum range [-8175, 8175] solves the bits issue, but the mapping is not fully symmetric for k≥2 and not fully covering the range for all k’s.

· Observation 2: To solve the issue in Observation 1, the edge (lowest and highest) intervals for (path can be slightly increased for k≥2 to cover up to -8175 and 8175, respectively. No new LS to RAN2 is needed with this approach.
· Observation 3: Alternatively to the solution in Observation 2, the range [-8160, 8160], which is a multiple of 32, can be considered, but that would change the number of reports and require an LS to RAN2.
· Proposal 1: Agree on Option 2 in Tables 1-6 for implementing in TS 38.133.
Table 1: k=0, resolution 1 Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_00000
	(path < -8175
	Same as with Option 1
	Tc

	path_00001
	-8175 ( (path < -8174
	
	Tc

	path_00002
	-8174 ( (path < -8173
	
	Tc

	(
	(
	
	…

	path_08175
	-1 ( (path < 0
	
	Tc

	path_08176
	0 ( (path < 1
	
	Tc

	…
	…
	
	…

	path_ 16349
	8173 ( (path < 8174
	
	Tc

	path_ 16350
	8174 ( (path < 8175
	
	Tc

	path_ 16351
	8175 ( (path
	
	Tc


Table 2: k=1, resolution 2Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_0000
	(path < -8175
	Same as with Option 1
	Tc

	path_0001
	-8175 ( (path < -8173
	
	Tc

	path_0002
	-8173 ( (path < -8171
	
	Tc

	(
	(
	
	…

	path_4088
	-1 ( (path < 1
	
	Tc

	…
	…
	
	…

	path_8174
	8171 ( (path < 8173
	
	Tc

	path_8175
	8173 ( (path < 8175
	
	Tc

	path_8176
	8175 ( (path
	
	Tc


Table 3: k=2, resolution 4Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_0000
	(path < -8175
	(path < -8175
	Tc

	path_0001
	-8175 ( (path < -8171
	-8175 ( (path < -8170
	Tc

	path_0002
	-8171 ( (path < -8167
	-8170 ( (path < -8166
	Tc

	(
	(
	(
	…

	path_2044
	-3 ( (path < 1
	-2 ( (path < 2
	Tc

	…
	…
	…
	…

	path_4086
	8165 ( (path < 8169
	8166 ( (path < 8170
	Tc

	path_4087
	8169 ( (path < 8173
	8170 ( (path < 8175
	Tc

	path_4088
	8173 ( (path
	8175 ( (path
	Tc


Table 4: k=3, resolution 8Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_0000
	(path < -8175
	(path < -8175
	Tc

	path_0001
	-8175 ( (path < -8167
	-8175 ( (path < -8164
	Tc

	path_0002
	-8167 ( (path < -8159
	-8164 ( (path < -8156
	Tc

	(
	(
	(
	…

	path_1022
	-7 ( (path < 1
	-4 ( (path < 4
	Tc

	…
	…
	…
	…

	path_2042
	8153 ( (path < 8161
	8156 ( (path < 8164
	Tc

	path_2043
	8161 ( (path < 8169
	8164 ( (path < 8175
	Tc

	path_2044
	8169 ( (path
	8175 ( (path
	Tc


Table 5: k=4, resolution 16Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_0000
	(path < -8175
	(path < -8175
	Tc

	path_0001
	-8175 ( (path < -8159
	-8175 ( (path < -8152
	Tc

	path_0002
	-8159 ( (path < -8143
	-8152 ( (path < -8136
	Tc

	(
	(
	(
	…

	path_511
	-15 ( (path < 1
	-8 ( (path < 8
	Tc

	…
	…
	…
	…

	path_1020
	8129 ( (path < 8145
	8136 ( (path < 8152
	Tc

	path_1021
	8145 ( (path < 8161
	8152 ( (path < 8175
	Tc

	path_1022
	8161 ( (path
	8175 ( (path
	Tc


Table 6: k=5, resolution 32Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_000
	(path < -8175
	(path < -8175
	Tc

	path_001
	-8175 ( (path < -8143
	-8175 ( (path < -8128
	Tc

	path_002
	-8143 ( (path < -8111
	-8128 ( (path < -8096
	Tc

	(
	(
	(
	…

	path_256
	-15 ( (path < 17
	0 ( (path < 32
	Tc

	…
	…
	…
	…

	path_509
	8081 ( (path < 8113
	8096 ( (path < 8128
	Tc

	path_510
	8113 ( (path < 8145
	8128 ( (path < 8175
	Tc

	path_511
	8145 ( (path
	8175 ( (path
	Tc


3 Summary

The following have been proposed in this contribution.
· Observation 1: With all equal step sizes, the maximum range [-8175, 8175] solves the bits issue, but the mapping is not fully symmetric for k≥2 and not fully covering the range for all k’s.

· Observation 2: To solve the issue in Observation 1, the edge (lowest and highest) intervals for (path can be slightly increased for k≥2 to cover up to -8175 and 8175, respectively. No new LS to RAN2 is needed with this approach.

· Observation 3: Alternatively to the solution in Observation 2, the range [-8160, 8160], which is a multiple of 32, can be considered, but that would change the number of reports and require an LS to RAN2.

· Proposal 1: Agree on Option 2 in Tables 1-6 for implementing in TS 38.133. Namely, the following report mapping:
For k=0:

	Reported Quantity Value,
path_i
	Measured Quantity Value,

(path
	Unit

	
	
	

	path_00000
	(path < -8175
	Tc

	path_00001
	-8175 ( (path < -8174
	Tc

	path_00002
	-8174 ( (path < -8173
	Tc

	(
	(
	…

	path_08175
	-1 ( (path < 0
	Tc

	path_08176
	0 ( (path < 1
	Tc

	…
	…
	…

	path_ 16349
	8173 ( (path < 8174
	Tc

	path_ 16350
	8174 ( (path < 8175
	Tc

	path_ 16351
	8175 ( (path
	Tc


For k=1:

	Reported Quantity Value,
path_i
	Measured Quantity Value,

(path
	Unit

	path_0000
	(path < -8175
	Tc

	path_0001
	-8175 ( (path < -8173
	Tc

	path_0002
	-8173 ( (path < -8171
	Tc

	(
	(
	…

	path_4088
	-1 ( (path < 1
	Tc

	…
	…
	…

	path_8174
	8171 ( (path < 8173
	Tc

	path_8175
	8173 ( (path < 8175
	Tc

	path_8176
	8175 ( (path
	Tc


For k=2:

	Reported Quantity Value,
path_i
	Measured Quantity Value,

(path
	Unit

	path_0000
	(path < -8175
	Tc

	path_0001
	-8175 ( (path < -8170
	Tc

	path_0002
	-8170 ( (path < -8166
	Tc

	(
	(
	…

	path_2044
	-2 ( (path < 2
	Tc

	…
	…
	…

	path_4086
	8166 ( (path < 8170
	Tc

	path_4087
	8170 ( (path < 8175
	Tc

	path_4088
	8175 ( (path
	Tc


For k=3:

	Reported Quantity Value,
path_i
	Measured Quantity Value,

(path
	Unit

	path_0000
	(path < -8175
	Tc

	path_0001
	-8175 ( (path < -8164
	Tc

	path_0002
	-8164 ( (path < -8156
	Tc

	(
	(
	…

	path_1022
	-4 ( (path < 4
	Tc

	…
	…
	…

	path_2042
	8156 ( (path < 8164
	Tc

	path_2043
	8164 ( (path < 8175
	Tc

	path_2044
	8175 ( (path
	Tc


For k=4:

	Reported Quantity Value,
path_i
	Measured Quantity Value,

(path
	Unit

	path_0000
	(path < -8175
	Tc

	path_0001
	-8175 ( (path < -8152
	Tc

	path_0002
	-8152 ( (path < -8136
	Tc

	(
	(
	…

	path_511
	-8 ( (path < 8
	Tc

	…
	…
	…

	path_1020
	8136 ( (path < 8152
	Tc

	path_1021
	8152 ( (path < 8175
	Tc

	path_1022
	8175 ( (path
	Tc


For k=5:

	Reported Quantity Value,
path_i
	Measured Quantity Value,

(path
	Unit

	path_000
	(path < -8175
	Tc

	path_001
	-8175 ( (path < -8128
	Tc

	path_002
	-8128 ( (path < -8096
	Tc

	(
	(
	…

	path_256
	0 ( (path < 32
	Tc

	…
	…
	…

	path_509
	8096 ( (path < 8128
	Tc

	path_510
	8128 ( (path < 8175
	Tc

	path_511
	8175 ( (path
	Tc


4 References
[1] R4-2005845, LS on report mapping for UE positioning measurement, Huawei, HiSilicon, Apr. 2020.

[2] RAN4#94-e-Bis RRM chairman’s notes, Apr. 2020.
5 Annex A: Additional Path Reporting in NR

–
NR-AdditionalPath
The IE NR-AdditionalPath is used by the target device to provide information about additional paths in association to the TOA measurements associated to NR positioning in the form of a relative time difference and a quality value. The additional path nr-relativeTimeDifference is the detected path timing relative to the detected path timing used for the TOA value, and each additional path can be associated with a quality value nr-path-Quality.
-- ASN1START

NR-AdditionalPath-r16 ::= SEQUENCE {


nr-relativeTimeDifference-r16
INTEGER (FFS),--FFS to be decided in RAN4





nr-path-Quality-r16



NR-TOAMeasQuality-r16



OPTIONAL,


...

}

-- ASN1STOP

	NR-AdditionalPath field descriptions

	nr-relativeTimeDifference

This field specifies the additional detected path timing relative to the detected path timing of the reference resource. A positive value indicates that the particular path is later in time than the detected path of the reference; a negative value indicates that the particular path is earlier in time than the detected path of the reference.

	nr-path-Quality

This field specifies the target device′s best estimate of the quality of the detected timing of the additional path.


6 Annex B: Additional Path Reporting in LTE (TS 36.355)
–
AdditionalPath

The IE AdditionalPath is used by the target device to provide information about additional paths in association to the RSTD measurements in the form of a relative time difference and a quality value. The additional path relativeTimeDifference is the detected path timing relative to the detected path timing used for the rstd value (TS 36.214 [17]), and each additional path can be associated with a quality value path-Quality.
-- ASN1START

AdditionalPath-r14 ::= SEQUENCE {


relativeTimeDifference-r14
INTEGER (-256..255),


path-Quality-r14


OTDOA-MeasQuality



OPTIONAL,


...

}

-- ASN1STOP

	AdditionalPath field descriptions

	relativeTimeDifference

This field specifies the additional detected path timing relative to the detected path timing used for the rstd value in units of 0.5 Ts, with Ts=1/(15000*2048) seconds. A positive value indicates that the particular path is later in time than the detected path used for RSTD; a negative value indicates that the particular path is earlier in time than the detected path used for RSTD.

	path-Quality

This field specifies the target device′s best estimate of the quality of the detected timing of the additional path.
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