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1. Introduction
In RAN4 #94e meeting, the agreements have been captured in way forward R4-2002328, which is duplicated as below,
	· PRS-RSTD report mapping table(s) are FFS. 
· RAN4 to continue discussion on PRS-RSTD report mapping table(s) in the next meeting considering e.g. the following aspects:
· Uniform vs. non-uniform granularity
· Number of report mapping tables
· Parameter k (where k is a configuration parameter
· Whether UE always can follow signaled k or may need to adjust k
· FFS: whether UE can report its capability of k to NW
· Min/max values of k, and whether they depend on FR1/FR2 and center/edge mapping
· Note: other relevant aspects are not precluded



In RAN4 #93, the RSTD measurement report mapping table has been discussed and some agreements have been captured in chairman notes, 
	Agreement
· RSTD reporting range
· The Max/Min reported values are same as in LTE for FR1 and FR2



At the meantime, RAN1 also had some conclusions from their RAN1 #99 meeting, and the agreements have been captured in the LS R1-1913522 [1].
	Agreement:
· The reporting granularity for the UE/gNB timing measurements (DL RSTD, the UE Rx-Tx time difference, UL RTOA, gNB Rx-Tx time difference) is defined as , where k is a configuration parameter with a minimum value of at most 0.
· Note: RAN4 can determine if -1 can be a minimum value
· RAN1 assumes that the details of the reporting granularity and ranges for the UE/gNB timing measurements (DL RTSD, the UE Rx-Tx time difference, UL RTOA, gNB Rx-Tx time difference) will be determined by RAN4, including the potential relation of the parameter k to DL PRS bandwidth.




In this contribution, we discuss how to use the RSTD measurement granularity to define the mapping table and a LS is proposed to RAN1 and RAN2 for their information.
2. Discussion 
Even for positioning measurement, the UE capability on time chip granularity shall still be carefully considered since PRS based RSTD is also one kind of timing measurement. The UE implementation on time chip granularity is decided by both SCS, FFT size and oversampling rate, as shown in the following equation (1).

Where  denotes SCS size and  denotes FFT size. The smallest FFT size (without oversampling) for NR system could be derived from the BW and SCS (look up the tables 5.3.2-1 in TS38.101-1 and TS38.101-2 for the RB number).
For instance, if SCS=15kHz and BW=30MHz, based on the Table 5.3.2-1 in TS38.101-1, the RB number is 160. The total SCS number is 160*12=1920, and therefore the smallest FFT size is 2048 for this case without oversampling.
The PRS BW definition from RAN1 conclusion is duplicated as below;
	With respect to DL PRS signal design, the following set of agreements was made regarding BW, Start PRB and DL PRS Point A for DL PRS configurations: 
Start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of [2176] PRBs
4 PRB granularity is used for DL PRS BW configuration
Maximum BW for DL PRS in PRBs does not exceed 272 PRBs
Minimum BW for DL PRS in PRBs is not less than 24 PRBs
The DL-PRS-Point A can take values given by ARFCN-ValueNR


And the the table of higher layer parameters for NR positioning is captured in R1-1913536[2],
	DL-PRS-SubcarrierSpacing
	Subcarrier Spacing for DL PRS Resource
	15, 30, 60 kHz for FR1
60, 120 kHz for FR2
	 

	DL-PRS-ResourceBandwidth
	Number of PRBs allocated for DL PRS Resource (allocated DL PRS bandwidth)

All DL PRS Resources of the DL PRS Resource Set have the same bandwidth

All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of DL PRS Bandwidth and Start PRB

	 (24, 28, 32, 36, 40, …, 268, 272)
	• 4 PRB granularity is used for DL PRS BW configuration
• Maximum BW for DL PRS in PRBs does not exceed 272 PRBs
• Minimum BW for DL PRS in PRBs is not less than 24 PRBs


The CBW limitation table from TS38.101-1 and TS38.101-2 are duplicated as below,
	[bookmark: _Hlk497144372][bookmark: _Hlk505013260]FR1 Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135


FR2 Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264






Considering both the CBW limitation and PRS BW, the PRS PRB number for different SCS can be summarized as below,
Table 1. Summary of PRS measurement BW
	
	PRS measurement BW range (PRBs) 
	Note

	SCS FR1 
	15kHz
	24~268
	The limitation of CBW is up to 270RBs, so up to 268RBs PRS could be configured

	
	30kHz
	24~272
	The limitation of CBW is up to 273RBs, so up to 272RBs PRS could be configured.
We think UE shall not be required to meet requirement for RSTD measurement in case of “SCS=30kHz && CBW=5MHz”

	
	60kHz
	24~132
	The limitation of CBW is up to 135RBs, so up to 132RBs PRS could be configured.
We think UE shall not be required to meet requirement for RSTD measurement in case of “SCS=60kHz && CBW=10MHz” and “SCS=60kHz && CBW=15MHz”

	SCS FR2
	60kHz
	24~264
	The limitation of CBW is up to 264RBs, so up to 264RBs PRS could be configured

	
	120kHz
	24~264
	The limitation of CBW is up to 264RBs, so up to 264RBs PRS could be configured



With the above PRS measurement BW, the FFT size and time chip granularity could be derived as well, which is summarized in the table 2. In LTE TS36.133, the basic RSTD measurement report granularity is 1Ts and the higher resolution is 0.5Ts for the range from RSTD_2260 to RSTD_10451. So in NR we would like to at least keep 1Ts (i.e., 64Tc) as a lowest resolution level.
Table 2. Summary of smallest FFT size and basic time chip granularity
	FFT size without OS
	PRS measurement BW range (PRBs) 
	Smallest FFT size
	Basic time chip granularity without oversampling
	Note

	SCS FR1 
	15kHz
	24~40
	512
	64Tc
	1/(512*15k) = 256Tc > 64Tc, so we choose 64Tc as baseline

	
	
	44~84
	1024
	64Tc
	1/(1024*15k) = 128Tc > 64Tc, so we choose 64Tc as baseline

	
	
	88~168
	2048
	64Tc
	

	
	
	172~268
	4096
	32Tc
	For 15kHz case it cannot achieve 16Tc as baseline granularity if max FFT is 4096.

	
	30kHz
	24~40
	512
	64Tc
	1/(512*30k) = 128Tc> 64Tc, so we choose 64Tc as baseline

	
	
	44~84
	1024
	64Tc
	

	
	
	88~168
	2048
	32Tc
	

	
	
	168~272
	4096
	16Tc
	

	
	60kHz
	24~40
	512
	1/(512*60k) = 64Tc
	

	
	
	44~84
	1024
	32Tc
	

	
	
	88~132
	2048
	16Tc
	

	SCS FR2
	60kHz
	24~40
	512
	1/(512*60k) = 64Tc
	

	
	
	44~84
	1024
	32Tc
	

	
	
	88~168
	2048
	16Tc
	

	
	
	172~264
	4096
	8Tc
	For 60kHz case it cannot achieve 4Tc as baseline granularity if max FFT is 4096.

	
	120kHz
	24~40
	512
	1/(512*120k) = 32Tc
	

	
	
	44~84
	1024
	16Tc
	

	
	
	88~168
	2048
	8Tc
	

	
	
	172~264
	4096
	4Tc
	



From the above table 2, we found that the granularity is decided by SCS, PRS BW and FR type and therefore there might be three options for consideration to define the RSTD report mapping table,
	Option 1: differentiate by SCS, BW and FR type 
Note: How to differentiate BW in RSTD report mapping table might be based on accuracy requirement in which RAN4 may differentiate the accuracy performance associated with different BW sizes.
Option 2: differentiate by SCS and FR only, and choose the finest or worst granularity for each SCS among different BW
Note: How to differentiate BW in RSTD report mapping table might be based on accuracy requirement in which RAN4 may differentiate the accuracy performance associated with different BW sizes.
Note: RAN4 may choose finest or worst granularity among different BW for the group of identical SCS and identical FR 
Option 3: differentiate by FR and choose the finest or worst granularity within each FR
Note: RAN4 may choose finest or worst granularity among different BW and SCS for each FR 



The option 1 is the most precise way to define the mapping table but it will make the mapping table very complicated to standardize and very difficult to interpret. Option 3 is the simplest way to define the requirement, however, if we choose the finest granularity in each FR it will be too tight for UE with low SCS. For instance, in FR1, if we choose 16Tc as the baseline granularity for mapping table, the UE who’s working on SCS=15kHz may need 8192 FFT to achieve so fine granularity and it’s not realistic. Similar situation for FR2 60kHz case, if we choose 4Tc as the baseline granularity for mapping table, the UE who’s working on SCS=60kHz may need 8192 FFT to achieve so fine granularity and it’s not realistic. So as a compromise, option 2 would be the best choice to define the RSTD report mapping table, i.e., define the RSTD report mapping table per SCS in each FR, and also we propose to choose the finest granularity within a SCS to achieve the reliable positioning quantization performance (in LTE 1.4MHz and 20MHz are sharing the same RSTD mapping table).
In last meeting there was some discussion also for the k value, and this k is up to the UE time granularity. Even though we can derive the baseline granularity based on BW/SCS/FFT-size, the oversampling rate or higher FFT is UE capability based. And therefore we propose to define k as a UE capability and let UE to indicate this capability to network. After network get the UE capability of k, network can only configure the k equal or larger than the UE reported k, i.e., equal or rougher granularity. 
With this approach, the specification will be relatively simple and the quantization gain can also maintain at a relative good level.
Proposal 1: The RSTD report mapping table will be defined per SCS per FR (or per k value) and choose the finest granularity among different BWs within each SCS.
Proposal 2: UE will report k as a granularity capability to network, and network is expected to configure k equal to or larger than UE reported k for the RSTD reporting mapping.
With the proposal 1, the basic granularity can be summarized in table 3. 
Proposal 3: The basic granularity of RSTD report mapping table is as defined in table 3.
Table 3. basic time chip granularity without oversampling for different SCS
	FFT size without OS
	Basic time chip granularity without oversampling

	SCS FR1 
	15kHz
	32Tc 

	
	30kHz
	16Tc 

	
	60kHz
	16Tc 

	SCS FR2
	60kHz
	8Tc

	
	120kHz
	4Tc







Since in LTE we have oversampling rate 2 for the range from RSTD_2260 to RSTD_10451, here we also prefer to reuse the same oversampling rate assumption for NR case (how to perform this oversampling is purely UE implementation, but at least the higher resolution table will not hurt the UE who has no oversampling implementation). In the last meeting, companies would like to converge to 1Tc as the smallest granularity of NR system, especially for FR2, so since FR2 is quite different from FR1 on the time sampling, we may consider to have higher oversampling rate than LTE or FR1, so here we compromise to have oversampling rate as 4 in FR2 and propose to have the granularity from RSTD_2260 to RSTD_10451 as summarized in table 4 for FR1 and FR2.
Proposal 4: The oversampling rate of RSTD report mapping table is 2 for FR1 and 4 for FR2, for the range from RSTD_2260 to RSTD_10451.
Proposal 5: The granularity from RSTD_2260 to RSTD_10451 after oversampling is summarized in table 4 for FR1 and FR2.
Table 4. time chip granularity with oversampling rate=2 or 4 for different SCS
	FFT size with OS=2
	Basic time chip granularity without oversampling

	SCS FR1 
	15kHz
	16Tc(k=4)

	
	30kHz
	8Tc(k=3)

	
	60kHz
	8Tc(k=3)

	SCS FR2
	60kHz
	2Tc(k=1)

	
	120kHz
	1Tc(k=0)






Besides the principles above, we also need to consider if RSTD measurement is performed between the frequency layers with different SCSs. Since the granularity assumption in our design is differentiate between SCSs, the granularity of RSTD measurement between PRSs with different SCS shall be the worst one between two SCSs, that is, granularity in lower SCS with lower FR.
Proposal 6: if RSTD measurement is performed between PRSs with different SCS, then UE can follow the worst granularity between two SCSs to report.
In RAN4 #93 meeting, it was agreed that the Max/Min reported values of RSTD mapping table are same as in LTE for FR1 and FR2. 
	Agreement
· RSTD reporting range
The Max/Min reported values are same as in LTE for FR1 and FR2



So we think that the reporting range will still be from RSTD_0000 to RSTD_12711. Another thing to consider for the requirement is the positioning coverage. We prefer to reuse the same methodology in LTE to design the mapping tables and also prefer to keep the signalling structure similar as LTE, that is to say, we propose to use a RSTD report mapping table together with a relative quantity mapping table for NR RSTD report.
Proposal 7: similar as LTE, RAN4 will use a RSTD report mapping table together with a relative quantity mapping table for NR RSTD report.
For NR FR1, we think the positioning coverage shall be similar as LTE, and therefore we propose to use the same unit as LTE for the RSTD report mapping table, i.e., 1Ts=64Tc. Since the finest basic granularity of NR FR1 is now 16Tc as in table 3, it’s necessary to introduce more values of “Relative Quantity Value” compared with LTE. 
Proposal 8: For different SCSs in FR1, use the same unit as LTE for the baseline RSTD report mapping table, i.e., 1Ts=64Tc
In TS36.133, the relative quantity value for higher resolution case is as below, and obviously the 0.5Ts and 1Ts resolution is not sufficient for NR FR1 case any more.
	Table 9.1.10.4-1: Relative quantity mapping for higher-resolution RSTD measurement reporting
	Reported Relative Quantity Value
	
Measured Relative Quantity Value, 
	Unit

	RSTD_delta_0
	0
	Ts

	RSTD_delta_1
	0.5
	Ts

	RSTD_delta_2
	1.0
	Ts

	RSTD_delta_3
	2.0
	Ts

	RSTD_delta_4
	3.0
	Ts

	RSTD_delta_5
	4.0
	Ts






So we propose to extend the relative quantity mapping table with more values to cover more granularity for different SCS in FR1 RSTD report mapping.
Proposal 9: Compared with relative RSTD quantity mapping table in LTE, Extend the relative quantity mapping table with more values to cover the different SCS in FR1 RSTD report mapping.
Compare the finest SCS of FR1 and finest SCS of FR2, there are 8 times difference between FR1 and FR2 case, so if we use 8Tc for the unit in FR2 cases, it means same the signalling can be shared for both FR1 and FR2 cases, and we only need to define the interpretation of granularity of those signalling. For FR2, the positioning coverage can be smaller than FR1, due to the network coverage of FR2. Since we suggest using 1/8 unit from FR1 for FR2 (that means the unit for FR2 case can be 8Tc), the boundary of RSTD report range can be 8Tc*15391 = 123128Tc, and it can cover positioning measurement for distance difference up to 18.8km. We believe this positioning coverage is sufficient in theory for FR2.
Proposal 10: For different SCSs in FR2, use the 8Tc as unit for the baseline RSTD report mapping table.
Also we propose to extend the relative quantity mapping table with more values to cover more granularity for different SCS in FR2 RSTD report mapping. In last meeting, companies commented on the signalling overhead for designing the table, and in order to optimize the signalling overhead, it would be necessary to maintain separated tables for different SCS since the finest granularity is different among those SCSs. 
Based on all the analysis above, the principle to define the mapping table is:
(1) Like in LTE, RAN4 will have two kinds of tables for RSTD report mapping: baseline RSTD report mapping table and relative mapping table
(2) Baseline RSTD report mapping table is designed per FR, where the unit of FR1 is 64Tc and unit of FR2 is 8Tc
(3) Relative mapping table have the same number of signaling for all the SCSs in FR1 and FR2 but the applicability for each signaling value shall be defined per SCS per FR


E.g., in FR1, 15kHz SCS has 16Tc oversampled granularity for range from RSTD_2260 to RSTD_10451 and 32Tc basic granularity; while 30kHz/60kHz SCS has 8Tc oversampled granularity for range from RSTD_2260 to RSTD_10451 and 16Tc basic granularity. So to design the relative quantity mapping table, if the relative quantity   can be exactly divided by 8Tc but not by 16Tc, that means it can only be applied for 30kHz/60kHz SCS with oversampling in range from RSTD_2260 to RSTD_10451. If the relative quantity   can be exactly divided by 16Tc, that means it can be applied for 15kHz SCS with oversampling in range from RSTD_2260 to RSTD_10451 and also can be applied for 30kHz/60kHz SCS with whole RSTD report range.

In order to consider both positioning coverage and the new granularity for NR FR1, the following mapping table and relative quantity mapping table are proposed,
Proposal 11: The RSTD report mapping table and relative quantity mapping table for different SCSs in FR1 is designed as,
	


For FR1, the UE shall report a reference quantity based on Table x-1 and a relative quantity  defined in Table x-2, so that the difference between the measured RSTD quantity and the lower bound of the corresponding range from Table x-1 is between  and + resolutionStep. resolutionStep is 16Tc for 15kHz SCS, 8Tc for 30kHz SCS and 8Tc for 60kHz in the range from RSTD_2260 to RSTD_10451, and 32Tc for 15kHz SCS, 16Tc for 30kHz SCS and 16Tc SCS for 60kHz in the range from RSTD_0000 to RSTD_2259 or in the range from RSTD_10452 to RSTD_12711. The applicability of relative quantity value is defined in Table x-2 and Table x-3.
Table x-1 RSTD report mapping for FR1
	Reported Value
	Measured Quantity Value
	Unit

	RSTD_0000
	-15391 > RSTD
	64Tc

	RSTD_0001
	-15391  RSTD < -15386
	64Tc

	…
	
	…

	RSTD_2258
	-4106  RSTD < -4101
	64Tc

	RSTD_2259
	-4101  RSTD < -4096
	64Tc

	RSTD_2260
	-4096  RSTD < -4095
	64Tc

	RSTD_2261
	-4095  RSTD < -4094
	64Tc

	
	
	…

	RSTD_6353
	-3  RSTD  -2
	64Tc

	RSTD_6354
	-2  RSTD  -1
	64Tc

	RSTD_6355
	-1  RSTD  0
	64Tc

	RSTD_6356
	0 < RSTD  1
	64Tc

	RSTD_6357
	1 < RSTD  2
	64Tc

	RSTD_6358
	2 < RSTD  3
	64Tc

	…
	…
	…

	RSTD_10450
	4094 < RSTD  4095
	64Tc

	RSTD_10451
	4095 < RSTD  4096
	64Tc

	RSTD_10452
	4096 < RSTD  4101
	64Tc

	RSTD_10453
	4101 < RSTD  4106
	64Tc

	…
	…
	…

	RSTD_12709
	15381 < RSTD  15386
	64Tc

	RSTD_12710
	15386 < RSTD  15391
	64Tc

	RSTD_12711
	15391 < RSTD
	64Tc



Table x-2 Relative quantity mapping for SCS=15kHz in FR1 (k=4)
	Reported Relative Quantity Value
	
Measured Relative Quantity Value, 
	Unit
	Applicable SCS(kHz)
	Applicable RSTD report range in table x-1

	RSTD_delta_0
	0
	Tc
	15
	all RSTD reported values in table x-1

	RSTD_delta_1
	16
	Tc
	15
	from RSTD_2260 to RSTD_10451 in table x-1

	RSTD_delta_2
	32
	Tc
	15
	all RSTD reported values in table x-1

	RSTD_delta_3
	48
	Tc
	15
	from RSTD_2260 to RSTD_10451 in table x-1

	RSTD_delta_4
	64
	Tc
	15
	all RSTD reported values in table x-1

	RSTD_delta_5
	96
	Tc
	15
	all RSTD reported values in table x-1

	RSTD_delta_6
	128
	Tc
	15
	all RSTD reported values in table x-1

	RSTD_delta_7
	160
	Tc
	15
	all RSTD reported values in table x-1

	RSTD_delta_8
	192
	Tc
	15
	all RSTD reported values in table x-1

	RSTD_delta_9
	224
	Tc
	15
	all RSTD reported values in table x-1

	RSTD_delta_10
	256
	Tc
	15
	all RSTD reported values in table x-1

	RSTD_delta_11
	288
	Tc
	15
	all RSTD reported values in table x-1



Table x-3 Relative quantity mapping for SCS=30/60kHz in FR1 (k=3)
	Reported Relative Quantity Value
	
Measured Relative Quantity Value, 
	Unit
	Applicable SCS(kHz)
	Applicable RSTD report range in table x-1

	RSTD_delta_0
	0
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_1
	8
	Tc
	30/60
	from RSTD_2260 to RSTD_10451 in table x-1

	RSTD_delta_2
	16
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_3
	24
	Tc
	30/60
	from RSTD_2260 to RSTD_10451 in table x-1

	RSTD_delta_4
	32
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_5
	40
	Tc
	30/60
	from RSTD_2260 to RSTD_10451 in table x-1

	RSTD_delta_6
	48
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_7
	56
	Tc
	30/60
	from RSTD_2260 to RSTD_10451 in table x-1

	RSTD_delta_8
	64
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_9
	80
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_10
	96
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_11
	112
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_12
	128
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_13
	144
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_14
	160
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_15
	176
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_16
	192
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_17
	208
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_18
	224
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_19
	240
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_20
	256
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_21
	272
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_22
	288
	Tc
	30/60
	all RSTD reported values in table x-1

	RSTD_delta_23
	304
	Tc
	30/60
	all RSTD reported values in table x-1






In order to consider both positioning coverage and the new granularity for NR FR2, the following mapping table and relative quantity mapping table are proposed,
Proposal 12: The RSTD report mapping table and relative quantity mapping table for FR2 is designed as,
	


For FR2, the UE shall report a reference quantity based on Table y-1 and a relative quantity  defined in Table y-2, so that the difference between the measured RSTD quantity and the lower bound of the corresponding range from Table y-1 is between  and + resolutionStep. resolutionStep is 2Tc for 60kHz SCS and 1Tc for 120kHz SCS in the range from RSTD_2260 to RSTD_10451, and 4Tc for 60kHz SCS and 2Tc for 120kHz SCS in the range from RSTD_0000 to RSTD_2259 or in the range from RSTD_10452 to RSTD_12711. The applicability of relative quantity value is defined in Table y-2 and Table y-3.
Table y-1 RSTD report mapping for FR2
	Reported Value
	Measured Quantity Value
	Unit

	RSTD_0000
	-15391 > RSTD
	8Tc

	RSTD_0001
	-15391  RSTD < -15386
	8Tc

	…
	
	…

	RSTD_2258
	-4106  RSTD < -4101
	8Tc

	RSTD_2259
	-4101  RSTD < -4096
	8Tc

	RSTD_2260
	-4096  RSTD < -4095
	8Tc

	RSTD_2261
	-4095  RSTD < -4094
	8Tc

	
	
	…

	RSTD_6353
	-3  RSTD  -2
	8Tc

	RSTD_6354
	-2  RSTD  -1
	8Tc

	RSTD_6355
	-1  RSTD  0
	8Tc

	RSTD_6356
	0 < RSTD  1
	8Tc

	RSTD_6357
	1 < RSTD  2
	8Tc

	RSTD_6358
	2 < RSTD  3
	8Tc

	…
	…
	…

	RSTD_10450
	4094 < RSTD  4095
	8Tc

	RSTD_10451
	4095 < RSTD  4096
	8Tc

	RSTD_10452
	4096 < RSTD  4101
	8Tc

	RSTD_10453
	4101 < RSTD  4106
	8Tc

	…
	…
	…

	RSTD_12709
	15381 < RSTD  15386
	8Tc

	RSTD_12710
	15386 < RSTD  15391
	8Tc

	RSTD_12711
	15391 < RSTD
	8Tc



Table y-2 Relative quantity mapping for SCS=60kHz in FR2 (k=1)
	Reported Relative Quantity Value
	
Measured Relative Quantity Value, 
	Unit
	Applicable SCS(kHz)
	Applicability

	RSTD_delta_0
	0
	Tc
	60
	all RSTD reported values in table y-1

	RSTD_delta_1
	2
	Tc
	60
	from RSTD_2260 to RSTD_10451 in table y-1

	RSTD_delta_2
	4
	Tc
	60
	all RSTD reported values in table y-1

	RSTD_delta_3
	6
	Tc
	60
	from RSTD_2260 to RSTD_10451 in table y-1

	RSTD_delta_4
	8
	Tc
	60
	all RSTD reported values in table y-1

	RSTD_delta_5
	12
	Tc
	60
	all RSTD reported values in table y-1

	RSTD_delta_6
	16
	Tc
	60
	all RSTD reported values in table y-1

	RSTD_delta_7
	20
	Tc
	60
	all RSTD reported values in table y-1

	RSTD_delta_8
	24
	Tc
	60
	all RSTD reported values in table y-1

	RSTD_delta_9
	28
	Tc
	60
	all RSTD reported values in table y-1

	RSTD_delta_10
	32
	Tc
	60
	all RSTD reported values in table y-1

	RSTD_delta_11
	36
	Tc
	60
	all RSTD reported values in table y-1



Table y-3 Relative quantity mapping for SCS=120kHz in FR2 (k=0)
	Reported Relative Quantity Value
	
Measured Relative Quantity Value, 
	Unit
	Applicable SCS(kHz)
	Applicability

	RSTD_delta_0
	0
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_1
	1
	Tc
	120
	from RSTD_2260 to RSTD_10451 in table y-1

	RSTD_delta_2
	2
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_3
	3
	Tc
	120
	from RSTD_2260 to RSTD_10451 in table y-1

	RSTD_delta_4
	4
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_5
	5
	Tc
	120
	from RSTD_2260 to RSTD_10451 in table y-1

	RSTD_delta_6
	6
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_7
	7
	Tc
	120
	from RSTD_2260 to RSTD_10451 in table y-1

	RSTD_delta_8
	8
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_9
	10
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_10
	12
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_11
	14
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_12
	16
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_13
	18
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_14
	20
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_15
	22
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_16
	24
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_17
	26
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_18
	28
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_19
	30
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_20
	32
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_21
	34
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_22
	36
	Tc
	120
	all RSTD reported values in table y-1

	RSTD_delta_23
	38
	Tc
	120
	all RSTD reported values in table y-1






With the above mapping tables, RAN2 only needs to extend the signalling for relative quantity mapping, but the same signalling can be completely shared by both FR1 and FR2 cases.
3. Conclusion
In this contribution, we discuss how to use the RSTD measurement granularity to define the mapping table and a LS is proposed to RAN1 and RAN2 for their information.

Proposal 1: The RSTD report mapping table will be defined per SCS per FR (or per k value) and choose the finest granularity among different BWs within each SCS.
Proposal 2: UE will report k as a granularity capability to network, and network is expected to configure k equal to or larger than UE reported k for the RSTD reporting mapping.
Proposal 3: The basic granularity of RSTD report mapping table is as defined in table 3.
Table 3. basic time chip granularity without oversampling for different SCS
	FFT size without OS
	Basic time chip granularity without oversampling

	SCS FR1 
	15kHz
	32Tc 

	
	30kHz
	16Tc 

	
	60kHz
	16Tc 

	SCS FR2
	60kHz
	8Tc

	
	120kHz
	4Tc







Proposal 4: The oversampling rate of RSTD report mapping table is 2 for FR1 and 4 for FR2, for the range from RSTD_2260 to RSTD_10451.
Proposal 5: The granularity from RSTD_2260 to RSTD_10451 after oversampling is summarized in table 4 for FR1 and FR2.
Table 4. time chip granularity with oversampling rate=2 or 4 for different SCS
	FFT size with OS=2
	Basic time chip granularity without oversampling

	SCS FR1 
	15kHz
	16Tc(k=4)

	
	30kHz
	8Tc(k=3)

	
	60kHz
	8Tc(k=3)

	SCS FR2
	60kHz
	2Tc(k=1)

	
	120kHz
	1Tc(k=0)







Proposal 6: if RSTD measurement is performed between PRSs with different SCS, then UE can follow the worst granularity between two SCSs to report.
Proposal 7: similar as LTE, RAN4 will use a RSTD report mapping table together with a relative quantity mapping table for NR RSTD report.
Proposal 8: For different SCSs in FR1, use the same unit as LTE for the baseline RSTD report mapping table, i.e., 1Ts=64Tc
Proposal 9: Compared with relative RSTD quantity mapping table in LTE, Extend the relative quantity mapping table with more values to cover the different SCS in FR1 RSTD report mapping.
Proposal 10: For different SCSs in FR2, use the 8Tc as unit for the baseline RSTD report mapping table.
Based on all the analysis above, the principle to define the mapping table is:
(1) Like in LTE, RAN4 will have two kinds of tables for RSTD report mapping: baseline RSTD report mapping table and relative mapping table
(2) Baseline RSTD report mapping table is designed per FR, where the unit of FR1 is 64Tc and unit of FR2 is 8Tc
(3) Relative mapping table have the same number of signaling for all the SCSs in FR1 and FR2 but the applicability for each signaling value shall be defined per SCS per FR

Proposal 11: The RSTD report mapping table and relative quantity mapping table for different SCSs in FR1 is designed as table x-1, x-2(k=4), x-3(k=3).
Proposal 12: The RSTD report mapping table and relative quantity mapping table for FR2 is designed as table y-1, y-2(k=1), y-3(k=0).
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