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1 Introduction

The agreements on PRS RSTD measurement report mapping from RAN4#94-e-Bis are captured in: WF [1], LS to RAN2 [2], chairman’s notes [3], which are shown below.
1.1 From the WF [1]

· Agreement from GTW session (April 27th 1-3pm UTC):
· LMF provides a recommended k value (k1). UE selects parameter k (k2) and informs to the LMF. Further discuss the relation between UE selected parameter k2 and network recommended value k1.
· Further discuss for RSTD and UE Rx-Tx time difference reporting:
· Relationship between k1 and k2
· Range of k1 and k2 in FR1
· Agreements on RSTD and UE Rx-Tx time difference report mapping tables captured in LS to RAN2 (R4-2005415Note1)
NOTE 1: the final agreed version of the LS is in R4-2005845 [2], instead of R4-2005415.
1.2 From the LS to RAN2 [2]
· RSTD

· Absolute value

· The reporting range is from -985024(Tc to +985024(Tc, for FR1 and FR2

· The reporting granularity is uniform across the reporting range in each report mapping table (one table per k) and is defined as T = Tc*2k where

· k is from the set {0, 1, 2, 3, 4, 5}

· LMF provides a recommended k value (k1). UE selects parameter k (k2) and informs to the LMF (RAN4 will further discuss the relation between UE selected parameter k2 and LMF recommended value k1). The bit-width corresponding to each k is different enabling LMF to identify which k was used.

· The number of reportable entities, depending on k, is:

· k=0: 1970050

· k=1: 985026

· k=2: 492514

· k=3: 246258

· k=4: 123130

· k=5: 61566
· Differential RSTD reporting 

· The reporting range is from 0 to +8191(Tc
· Absolute value is reported for the smallest RSTD measurements and the differential reports are for the other RSTD measurements.

· The reporting granularity is the same as for absolute value reporting above

· The number of reportable entities, depending on k, is:

· k=0: 8192

· k=1: 4096

· k=2: 2048

· k=3: 1024

· k=4: 512

· k=5: 256
1.3 From the RRM chairman’s notes [3]
Sub-topic 1-1   Uniform vs. Non-uniform granularity
· Uniform granularity in report mapping table(s) 

Sub-topic 1-2   Number of report mapping tables
· One table per k 
Sub-topic 1-3   RSTD range in FR2 for report mapping table

· Option 1. Same as FR1 (+/- 500 us) 
Sub-topic 1-4   Relative fine-granularity report mapping table (LTE approach)

· Option 1. No (Qualcomm, CATT, Huawei, Intel, Nokia)

· Option 2. Yes (Apple, Ericsson, MediaTek) 

Sub-topic 1-5   Parameter k

· Q1: What should be the UE behavior with respect to configured parameter k? 

· Option 1: UE simply follows configured parameter k ( )

· Option 2: UE selects parameter k (Apple, Huawei, MediaTek, Qualcomm, Intel, CATT)

· Option 3: UE shall use the recommended by the network k-value if the k-value is applicable for the measured RSTD to be reported, otherwise the UE shall choose, e.g., the applicable k´ closest to k (Ericsson, MediaTek, Nokia)
· Option 4: LMF provides a recommended k value (k1). UE selects parameter k (k2) and informs to the LMF. Further discuss the relation between UE selected parameter k2 k1 and network recommended value k1 k2.
· Q2: If UE selects parameter k, how is it signaled to NW?

· Option 1. UE capability signaled to NW (MediaTek)

· Option 2. According to the defined rules in RSTD report mapping tables (Apple, Ericsson, Intel)

· Option 3. One report mapping table per k ; bitwidth corresponding to each k is different enabling NW to identify which k was used (Huawei, Qualcomm, Intel, Nokia)

· Q3: RAN1 left the decision to include k = -1 to RAN4. Should report mapping tables include k = -1? 

· Option 1. Yes (Qualcomm, Intel, Huawei, MediaTek, Nokia)

· Option 2. No (MediaTek, Apple, Ericsson, CATT)

· Sub-topic: K-value range 

· k value range is 0, 1, 2, 3, 4, 5

Sub-topic 1-6   Differential reporting for RSTD - granularity

Q: Should the differential reporting granularity be the same as absolute RSTD reporting granularity?

· Option 1: Yes (Qualcomm, Huawei, MediaTek, Intel)

· Option 2: No (CATT)

Sub-topic 1-7   Differential reporting for RSTD - reporting range

Q: should the differential RSTD reporting range be single-sided (only positive values) or double-sided?

· Option 1.  Double-sided; both negative and positive range (Intel, Ericsson)

· Note (Ericsson): double sided for the reference (coarse) table and single sided (0 to 32 Tc with 1 Tc resolution) for the relative (finer-granularity) table

· Option 2. Single-sided; only positive range (Huawei, Qualcomm, CATT, MediaTek)

· The reference for differential RSTD is the smallest absolute RSTD

Sub-topic 1-8   Differential reporting for RSTD - min/max value

· Option 1.  ± (250us+65ns) for FR1, ±(62.5us+65ns) for FR2 (Intel)

· Option 2. [0, 31Tc] (CATT)
· Option 3. [0, 4.17 us] (Huawei, Qualcomm, MediaTek)

· Option 5. ± 66.6 us in the reference (coarse) table and [0, 32Tc] with 1 Tc resolution in the relative (finer-granularity) table (Ericsson)

Sub-topic 1-9   Differential reporting for RSTD – basic approach
· Option 1: The differential reporting has the same structure and the same number of tables as the absolute reporting (Ericsson, CATT, MediaTek)

In this contribution, we discuss further details for PRS RSTD measurement reporting.
2 Discussion
2.1 k-values in FR1

For FR2, the agreed values for k are {0,1,2,3,4,5}, i.e., kmin=0 and kmax=5 for FR2. For FR1, there is no justification for low k-values, given the physical layer specifics and the expected accuracy. The maximum value though can be the same in FR1 and FR2.
· Proposal 1: The values for k are within the range [kmin,kmax], where for FR1
· kmin=3,
· kmax=5.
· Proposal 2: No separate table for FR1 are needed. Tables for all k={0,1,2,3,4,5} are specified, but their applicability is clarified in the text.
2.2 Relationship between k1 and k2

RAN4 agreed that the UE may select/adjust parameter k, but the relation between k1 (configured by LMF) and k2 (selected by the UE) is FFS.

When LMF configures a certain k, it does not expect the measurements with a worse granularity, because this would impact the positioning performance in the end. Furthermore, the UE shall not be allowed to select any k outside the range [kmin, kmax].

· Proposal 3: k2 shall not exceed k1.
· Proposal 4. k2 shall be within [kmin, kmax].
2.3 Measurement report mapping tables for different k
2.3.1 Absolute RSTD measurement reporting
The agreed reporting range for FR1 and FR2 for absolute RSTD measurement reporting is from -985024(Tc to +985024(Tc, which is the same as in LTE considering the relation Ts=64Tc.
According to the agreement in [3], there would be one table per k. Below we derive all tables for k={0,1,2,3,4,5}.
· Proposal 5: For absolute RSTD measurement report mapping, agree on the measurement report mapping tables according to Tables 1 –6.
Table 1: k=0, resolution 1 Tc
	Reported Quantity Value

RSTD_i
	Measured Quantity Value

RSTD
	Unit

	
	
	

	RSTD_0000
	RSTD < -985024
	Tc

	RSTD_0001
	-985024 ( RSTD < -985023
	Tc

	RSTD_0002
	-985023 ( RSTD < -985022
	Tc

	(
	(
	…

	RSTD_985024
	-1 ( RSTD < 0
	Tc

	RSTD_985025
	0 ( RSTD < 1
	Tc

	…
	…
	…

	RSTD_1970047
	985022 ( RSTD < 985023
	Tc

	RSTD_1970048
	985023 ( RSTD < 985024
	Tc

	RSTD_1970049
	985024 ( RSTD
	Tc


Table 2: k=1, resolution 2Tc
	Reported Quantity Value

RSTD_i
	Measured Quantity Value

RSTD
	Unit

	
	
	

	RSTD_0000
	RSTD < -985024
	Tc

	RSTD_0001
	-985024 ( RSTD < -985022
	Tc

	RSTD_0002
	-985022 ( RSTD < -985020
	Tc

	(
	(
	…

	RSTD_492512
	-2 ( RSTD < 0
	Tc

	RSTD_492513
	0 ( RSTD < 2
	Tc

	…
	…
	…

	RSTD_985023
	985020 ( RSTD < 985022
	Tc

	RSTD_985024
	985022 ( RSTD < 985024
	Tc

	RSTD_985025
	985024 ( RSTD
	Tc


Table 3: k=2, resolution 4Tc
	Reported Quantity Value

RSTD_i
	Measured Quantity Value

RSTD
	Unit

	
	
	

	RSTD_0000
	RSTD < -985024
	Tc

	RSTD_0001
	-985024 ( RSTD < -985020
	Tc

	RSTD_0002
	-985020 ( RSTD < -985016
	Tc

	(
	(
	…

	RSTD_246256
	-4 ( RSTD < 0
	Tc

	RSTD_246257
	0 ( RSTD < 4
	Tc

	…
	…
	…

	RSTD_492511
	985016 ( RSTD < 985020
	Tc

	RSTD_492512
	985020 ( RSTD < 985024
	Tc

	RSTD_492513
	985024 ( RSTD
	Tc


Table 4: k=3, resolution 8Tc
	Reported Quantity Value

RSTD_i
	Measured Quantity Value

RSTD
	Unit

	
	
	

	RSTD_0000
	RSTD < -985024
	Tc

	RSTD_0001
	-985024 ( RSTD < -985016
	Tc

	RSTD_0002
	-985016 ( RSTD < -985008
	Tc

	(
	(
	…

	RSTD_123128
	-8 ( RSTD < 0
	Tc

	RSTD_123129
	0 ( RSTD < 8
	Tc

	…
	…
	…

	RSTD_246255
	985008 ( RSTD < 985016
	Tc

	RSTD_246256
	985016 ( RSTD < 985024
	Tc

	RSTD_246257
	985024 ( RSTD
	Tc


Table 5: k=4, resolution 16Tc
	Reported Quantity Value

RSTD_i
	Measured Quantity Value

RSTD
	Unit

	
	
	

	RSTD_0000
	RSTD < -985024
	Tc

	RSTD_0001
	-985024 ( RSTD < -985008
	Tc

	RSTD_0002
	-985008 ( RSTD < -984992
	Tc

	(
	(
	…

	RSTD_61564
	-16 ( RSTD < 0
	Tc

	RSTD_61565
	0 ( RSTD < 16
	Tc

	…
	…
	…

	RSTD_123127
	984992 ( RSTD < 985008
	Tc

	RSTD_123128
	985008 ( RSTD < 985024
	Tc

	RSTD_123129
	985024 ( RSTD
	Tc


Table 6: k=5, resolution 32Tc
	Reported Quantity Value

RSTD_i
	Measured Quantity Value

RSTD
	Unit

	
	
	

	RSTD_0000
	RSTD < -985024
	Tc

	RSTD_0001
	-985024 ( RSTD < -984992
	Tc

	RSTD_0002
	-984992 ( RSTD < -984960
	Tc

	(
	(
	…

	RSTD_30782
	-32 ( RSTD < 0
	Tc

	RSTD_30783
	0 ( RSTD < 32
	Tc

	…
	…
	…

	RSTD_61563
	984960 ( RSTD < 984992
	Tc

	RSTD_61564
	984992 ( RSTD < 985024
	Tc

	RSTD_61565
	985024 ( RSTD
	Tc


2.3.2 Differential reporting for RSTD measurements

According to [2], the reporting range is from 0 to +8191(Tc, with the reporting granularity to be the same as for the absolute RSTD measurement reporting. Below we derive the corresponding reporting tables. However, from the Tables 7 – 12 (see Option 1) one can observe that the agreed range is the maximum range that can be achieved with the granularity 2kTc among all k’s, and it’s only valid for k=0. For other k’s, the achievable range is smaller.
· Observation: For differential reporting, for all k≠0, the achievable range is smaller than the agreed range [0,8191(Tc], and it’s even different depending on k (Option 1 in Tables 7 –12).
Without increasing the number of bits, achieving the same range for all k’s would be possible, e.g., by increasing the last measured quantity interval to 8192 (i.e., the value closest to 8191 which is a power of 2). No new LS to RAN2 is needed with this approach.
· Proposal 6: Ensure the same range for all k’s, e.g., by increasing the last reporting interval to 8192 for all k’s.
· Proposal 7: Agree on measurement report mapping tables based on the range from 0 to +8192 Tc, according to Tables 7 –12 (Option 2).
Table 7: k=0, resolution 1 Tc
	Reported Quantity Value

DIFFRSTD_i
	Option 1:

(RSTD,

maximum range [0,8191] for k=0
	Option 2:

(RSTD,

range [0,8192]
	Unit

	DIFFRSTD_0000
	0 ( (RSTD < 1
	0 ( (RSTD < 1
	Tc

	DIFFRSTD_0001
	1 ( (RSTD < 2
	1 ( (RSTD < 2
	Tc

	DIFFRSTD_0002
	2 ( (RSTD < 3
	2 ( (RSTD < 3
	Tc

	(
	(
	(
	…

	DIFFRSTD_8189
	8189 ( (RSTD < 8190
	8189 ( (RSTD < 8190
	Tc

	DIFFRSTD_8190
	8190 ( (RSTD < 8191
	8190 ( (RSTD < 8192
	Tc

	DIFFRSTD_8191
	8191 ( (RSTD
	8192 ( (RSTD
	Tc


Table 8: k=1, resolution 2Tc
	Reported Quantity Value

DIFFRSTD_i
	Option 1:

(RSTD,

maximum range [0,8191] for k=0
	Option 2:

(RSTD,

range [0,8192]
	Unit

	DIFFRSTD_0000
	0 ( (RSTD < 2
	0 ( (RSTD < 2
	Tc

	DIFFRSTD_0001
	2 ( (RSTD < 4
	2 ( (RSTD < 4
	Tc

	DIFFRSTD_0002
	4 ( (RSTD < 6
	4 ( (RSTD < 6
	Tc

	(
	(
	(
	…

	DIFFRSTD_4093
	8186 ( (RSTD < 8188
	8186 ( (RSTD < 8188
	Tc

	DIFFRSTD_4094
	8188 ( (RSTD < 8190
	8188 ( (RSTD < 8192
	Tc

	DIFFRSTD_4095
	8190 ( (RSTD
	8192 ( (RSTD
	Tc


Table 9: k=2, resolution 4Tc
	Reported Quantity Value

DIFFRSTD_i
	Option 1:

(RSTD,

maximum range [0,8191] for k=0
	Option 2:

(RSTD,

range [0,8192]
	Unit

	DIFFRSTD_0000
	0 ( (RSTD < 4
	0 ( (RSTD < 4
	Tc

	DIFFRSTD_0001
	4 ( (RSTD < 8
	4 ( (RSTD < 8
	Tc

	DIFFRSTD_0002
	8 ( (RSTD < 12
	8 ( (RSTD < 12
	Tc

	(
	(
	(
	…

	DIFFRSTD_2045
	8180 ( (RSTD < 8184
	8180 ( (RSTD < 8184
	Tc

	DIFFRSTD_2046
	8184 ( (RSTD < 8188
	8184 ( (RSTD < 8192
	Tc

	DIFFRSTD_2047
	8188 ( (RSTD
	8192 ( (RSTD
	Tc


Table 10: k=3, resolution 8Tc
	Reported Quantity Value

DIFFRSTD_i
	Option 1:

(RSTD,

maximum range [0,8191] for k=0
	Option 2:

(RSTD,

range [0,8192]
	Unit

	DIFFRSTD_0000
	0 ( (RSTD < 8
	0 ( (RSTD < 8
	Tc

	DIFFRSTD_0001
	8 ( (RSTD < 16
	8 ( (RSTD < 16
	Tc

	DIFFRSTD_0002
	16 ( (RSTD < 24
	16 ( (RSTD < 24
	Tc

	(
	(
	(
	…

	DIFFRSTD_1021
	8168 ( (RSTD < 8176
	8168 ( (RSTD < 8176
	Tc

	DIFFRSTD_1022
	8176 ( (RSTD < 8184
	8176 ( (RSTD < 8192
	Tc

	DIFFRSTD_1023
	8184 ( (RSTD
	8192 ( (RSTD
	Tc


Table 11: k=4, resolution 16Tc
	Reported Quantity Value

DIFFRSTD_i
	Option 1:

(RSTD,

maximum range [0,8191]
	Option 2:

(RSTD,

range [0,8192]
	Unit

	DIFFRSTD_0000
	0 ( (RSTD < 16
	0 ( (RSTD < 16
	Tc

	DIFFRSTD_0001
	16 ( (RSTD < 32
	16 ( (RSTD < 32
	Tc

	DIFFRSTD_0002
	32 ( (RSTD < 48
	32 ( (RSTD < 48
	Tc

	(
	(
	(
	…

	DIFFRSTD_509
	8144 ( (RSTD < 8160
	8144 ( (RSTD < 8160
	Tc

	DIFFRSTD_510
	8160 ( (RSTD < 8176
	8160 ( (RSTD < 8192
	Tc

	DIFFRSTD_511
	8176 ( (RSTD
	8192 ( (RSTD
	Tc


Table 12: k=5, resolution 32Tc
	Reported Quantity Value

DIFFRSTD_i
	Option 1:

(RSTD,

maximum range [0,8191] for k=0
	Option 2:

(RSTD,

range [0,8192]
	Unit

	DIFFRSTD_0000
	0 ( (RSTD < 32
	0 ( (RSTD < 32
	Tc

	DIFFRSTD_0001
	32 ( (RSTD < 64
	32 ( (RSTD < 64
	Tc

	DIFFRSTD_0002
	64 ( (RSTD < 96
	64 ( (RSTD < 96
	Tc

	(
	(
	(
	…

	DIFFRSTD_253
	8096 ( (RSTD < 8128
	8096 ( (RSTD < 8128
	Tc

	DIFFRSTD_254
	8128 ( (RSTD < 8160
	8128 ( (RSTD < 8192
	Tc

	DIFFRSTD_255
	8160 ( (RSTD
	8192 ( (RSTD
	Tc


3 Summary

The following have been proposed in this contribution.
· Proposal 1: The values for k are within the range [kmin,kmax], where for FR1
· kmin=3,
· kmax=5.
· Proposal 2: No separate table for FR1 are needed. Tables for all k={0,1,2,3,4,5} are specified, but their applicability is clarified in the text.
· Proposal 3: k2 (selected by UE) shall not exceed k1 (configured by LMF).

· Proposal 4. k2 (selected by UE) shall be within [kmin, kmax].

Absolute RSTD measurement reporting:

· Proposal 5: For absolute RSTD measurement report mapping, agree on the measurement report mapping tables according to Tables 1 –6.
Differential reporting for RSTD measurements:

· Observation: For differential reporting, for all k≠0, the achievable range is smaller than the agreed range [0,8191(Tc], and it’s even different depending on k (Option 1 in Tables 7 – 12).
· Proposal 6: Ensure the same range for all k’s, e.g., by increasing the last reporting interval to 8192 for all k’s.
· Proposal 7: Agree on measurement report mapping tables based on the range from 0 to +8192 Tc, according to Tables 7 –12 (Option 2).
Based on the above proposals a draft CR is provided in [4].
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