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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN4 has not reached any consensus on the UE Rx-Tx measurement report mapping tables. According to the latest WF on RRM requirements for positioning was approved at RAN4#94 the following open issues have been identified [1]:

· RAN4 to continue discussion on UE Rx-Tx report mapping table(s) in the next meeting considering e.g. the following aspects:
· Uniform vs. non-uniform granularity
· Number of report mapping tables
· Range in FR1 and FR2, Impact of parameter NTA,Offset
· Whether LMF needs to be aware of NTA,Offset
· Mapping with negative reported values for neighbor cell UE Rx-TX
· 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
· Whether gNB needs to be aware of k
· Note: other relevant aspects are not precluded
In addition, RAN4 has received LS from RAN1 and RAN2 containing their agreements related to the granularity and mapping for timing measurements for positioning including the UE Rx-Tx measurement. According to the RAN1 agreements related to the UE Rx-Tx time difference granularity [2]:
· 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 [image: ], 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.
The most relevant RAN2 agreements/confirmation to earlier RAN1 agreements are [3]:
· Confirm (same as current running CR) when a UE is configured to report  multiple DL PRS RSTD, PRS RSRP, RxTX measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and those multiple measurements being performed on the same pair of TRPs, the UE reports one full measurement results and additional delta measurement(s).
In this paper we address all the open issues and provide analysis of various aspects of the UE Rx-Tx measurement report mapping in NR for different cases. 
2. Analysis of issues impacting UE Rx-Tx mapping
Several issues raised in the WF are analzed in this section (e.g. Number of report mapping tables for FR1 and FR2, mapping with negative reported values for neighbor cell UE Rx-Tx, impact of parameter NTA,Offset). 
The mapping for differential UE Rx-Tx time difference is discussed separately in section 4. 
Uniform versus non-uniform granularity:
Accoring to RAN2 agreements the mapping for UE Rx-Tx time difference for certain TRP and additionally differential UE Rx-Tx time difference between different PRS resources of the same TRP shall be defined: 
NR-Multi-RTT-MeasElement-r16 ::= SEQUENCE {
	trp-ID-r16							TRP-ID-r16			OPTIONAL,
nr-DL-PRS-ResourceId-r16			NR-DL-PRS-ResourceId-r16	OPTIONAL,
	nr-DL-PRS-ResourceSetId-r16			NR-DL-PRS-ResourceSetId-r16 OPTIONAL,
nr-UE-RxTxTimeDiff-r16				INTEGER (0..ffs)	OPTIONAL,	-- FFS on the value range, to be decided in RAN4
nr-TimeStamp-r16					NR-TimeStamp-r16,
	nr-MeasQuality-r16					NR-MeasQuality-r16,
	nr-PRS-RSRP-Result-r16				INTEGER (FFS)			OPTIONAL, -- FFS, value range to be decided in RAN4.
	nr-Multi-RTT-AdditionalMeasurements-r16		NR-Multi-RTT-AdditionalMeasurements-r16,
	...
}
NR-Multi-RTT-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) OF NR-Multi-RTT-AdditionalMeasurementElement-r16

NR-Multi-RTT-AdditionalMeasurementElement-r16 ::= SEQUENCE {
nr-DL-PRS-ResourceId-r16			NR-DL-PRS-ResourceId-r16	OPTIONAL,
	nr-DL-PRS-ResourceSetId-r16			NR-DL-PRS-ResourceSetId-r16 OPTIONAL,
	nr-PRS-RSRP-ResultDiff-r16			INTEGER (FFS)			OPTIONAL, -- FFS, value range to be decided in RAN4.
nr-UE-RxTxTimeDiffAdditional-r16				INTEGER (0..ffs)	OPTIONAL,	-- FFS on the value range, to be decided in RAN4
nr-TimeStamp-r16					NR-TimeStamp-r16,
In our view to reduce signalling overheads non-uniform granularity should be used for the normal UE Rx-Tx report mapping.
The UE Rx-Tx measurement is based on the first detected path. Therefore, the UE Rx-Tx measurements of the two PRS resources of the same TRP will not differ substantially. Therefore, firstly the range can be reduced compared to that of the normal UE Rx-Tx measurement. Secondly due to smaller differences in the two measurements of the same TRP it is important to have finer granularity. should be finer. One option is to define the differential UE Rx-Tx mapping with uniform granularity for smallest possible value of k parameter applicable for certain frequency range e.g. k =2 for FR1 and k = 0 for FR2. 
The details of the granularity and the mapping are discussed in the next section.
· Observation#1: The differential UE Rx-Tx between different PRS resources of the same TRP is not likely to be very large.  
· Proposal #1: Define UE Rx-Tx report mapping with non-uniform granularity.
· Proposal #2: Define differential UE Rx-Tx report mapping with uniform granularity.
Same or different UE Rx-Tx mapping tables for FR1 and FR2:
Whether the same or different tables are used in FR1 and FR2 depends on various factors including granularity and the NTA offset. The granularity is related to sampling rate which in FR1 is much lower than in FR2. Even the same UE may or not may support UE Rx-Tx time difference in both FR1 and FR2 bands. Therefore, it is not feasible for UE supporting FR1 supports same level of granularity as in FR2. Conversely hand using the FR1 mapping table also for FR2 will unnessarily relax the granularity for FR2 mapping. Secondly, NTA offset is different for FR1 and FR2. Due to these reasons we suggest that different mapping tables are defined for FR1 and FR2. 
· Observation#2: The sampling rates which impact granularity and in turn the mapping tables are very different in FR1 and FR2. Support of UE Rx-Tx in FR1 or FR2 is UE capability. 
· Proposal #3: Define separate UE Rx-Tx report mapping for FR1 and FR2.
UE Rx-Tx mapping tables for neighbor cell:
It is obvious that the mapping table for the serving cell will have only positive values. However, as proposed in various contributions in the last meeting that the UE Rx-Tx measured on neighbor cell can be negative or positive e.g. negative if the Tx on serving cell occurs after the Rx of the neighbor at the UE. The UE Rx-Tx can be negative in FDD where the cells can be unsynchronized. In TDD, the serving and neighbor cells belong to bands with large separation may not be synchronized. can be unsynchronized. Therefore in some scenraios the UE Rx-Tx can also be negative in TDD including FR1 and FR2. We therefore suggest that the UE Rx-Tx time difference mapping for the neighbor cell should be double sided with both positive and negative values. 
· Observation#3: The UE Rx-Tx can have negative values in unsychronized FDD and also in unsynchronized TDD e.g. when serving and neighbor cells belong to bands with large frequency separation. 
· Proposal #4: For neighbor cell define double sided symmetrical UE Rx-Tx report mapping.
Impact of NTA offset on UE Rx-Tx mapping:
As shown in table 1, for FR1 one of three possible NTA offset can be configured by gNB. For FR2 there is only one NTA offset. The UE Rx-Tx mapping for both serving and neighbour cell need to be defined with all possible NTA offset values. 
Table 1: [image: ]values in NR [TS 38.133]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD band without LTE-NR coexistence case or FR1 TDD band without LTE-NR coexistence case 
	0

	FR1 FDD band with LTE-NR coexistence case
	25600

	FR1 TDD band with LTE-NR coexistence case
	39936

	FR2
	13792


· Observation#4: The UE Rx-Tx can have negative values in unsychronized FDD and also in unsynchronized TDD e.g. when serving and neighbor cells belong to bands with large frequency separation. 
· Proposal #5: UE Rx-Tx mapping is defined with all possible NTA offset values.
Impact of configured parameter (k) on UE Rx-Tx mapping:
According to RAN1 agreements the granularity of the mapping can be derived based on the configured value of k (k = 0, 1, 2, 3, 4 or 5); where smallest step can be T = 2k Tc. In our view for FR1 due to lower sampling rate only larger values of k e.g. 3 or larger are applicable since the sampling rate in FR1 is much lower than in FR2. However, in FR2 due to higher sampling rate much finer resolution is achievable and therefore all values of k are applicable.
· Proposal #6: UE Rx-Tx mapping in FR1 is defined for k ≥ 2≥≥.
· Proposal #7: UE Rx-Tx mapping in FR2 is defined for k ≥ 0.
Awareness of NTA offset in LMF:
As stated above, the report mapping needs to be defined separately for each [image: ]. In FR2 there is only one[image: ]. But in FR1 there are three possible [image: ]values out of which one is configured by gNB in a cell. However, the UE Rx-Tx measurement can be configured by gNB via RRC or by the LMF via LPP. 
In order to interpret the received UE Rx-Tx measurement value, the positioning node (LMF) needs to be aware of the NTA offset used by the UE for deriving the reported UE Rx-Tx measurement value. Therefore, the UE should also signal, the [image: ]used by the UE for deriving the reported value, to the positioning node via LPP. 
· Observation#5: In FR1, gNB configures one of the three possible values of[image: ]which impacts the UE Rx-Tx mapping. 
· Observation #6: LMF needs to be aware of the NTA offset used by the UE for deriving the UE reported UE Rx-Tx measurement value.
· Proposal #8: In FR1 the UE signals the information about the NTA offset along with UE Rx-Tx measured value for enabling LMF to derive the reported value.


Awareness of of configured parameter (k) in gNB:
As stated above the mapping also depends on (k), which is configured by the LMF. gNB can requests the UE to signal the UE Rx-Tx measurement value to gNB. But gNB is not aware of the configured value of k. Therefore, the UE should also signal the value of k used by the UE for deriving the results to gNB.
· Observation#7: gNB needs to be aware of the granularity parameter (k) used by the UE for deriving the UE Rx-Tx measured value reported to the gNB.
· Proposal #9: The UE shall signal the granularity parameter (k) used for deriving the reported value when reporting UE Rx-Tx measured value to gNB.
3. UE Rx-Tx time difference mapping tables 
Based on the analysis and proposals presented in section 2, the UE Rx-Tx report mapping for serving and neighbour cell in FR1 and FR2 for different values of are provided in this section.
2.1. Report mapping in FR1
Report mapping in FR1 for serving cell:
In FR1 as proposed above only larger values of k e.g. 2 or larger are applicable since the sampling rate in FR1 is much lower than in FR2. Most companies are if the opinion that the largest reportable value in at least the serving can be the same as defined for LTE (i.e. 20472*64 Tc for NTA offset =0). We support this view as well. However, smaller values of the reported value need to be adjusted based on the value of k.

In the last meeting some companies were of the opinion including us that the largest (most coarse) resolution (e.g. for k=5) can be the same as defined for LTE i.e. 2 Ts (128 Tc) for lower part of the range and 8 Ts (512 Tc) for upper part of the range). On the other hand some companies proposed that in FR1 even the largest (most coarse) resolution can be better than in LTE. 

Considering the discussion and comments in the last meeting we propose that the range is defined based on the following principles:

· resolution in the lower part of the range can follow the value of k applicable in FR1 e.g. 4 Tc for k=2 (smallest applicable value of k in FR1 proposed in this paper). 
· resolution in the upper part of the range is 4 times the resolution in the lower part of the range e.g. 16 Tc respectively for k=2 (smallest applicable value of k in FR1). 
· largest reportable value for mapping fotr the serving is the same as defined for LTE (i.e. 20472*64 Tc for NTA offset =0)

Based on the above principle the UE Rx-Tx mapping for different values of NTA offset and k=2 are provided in the following tables. From RAN2 signaling point of view the mapping table with largest number of reportable values needs to be agreed. The mapping for all the applicable values of k can be defined in RAN4 specifications during the performance phase of the WI. It might be challenging for the UE to apply the mapping table with smaller k values (e.g. with 4 Tc for k=2) also for smaller PRS/SRS BWs e.g. 10 or 20 MHz. Therefore, RAN4 needs to discuss the possible relation between the mapping table and the PRS/SRS BW configured for the UE Rx-Tx measurement. 
Table 2 shows report mapping when UE Rx-Tx measurement is configured only in the serving cell in FR1 and for[image: ]= 0.


Table 2: UE Rx-Tx measurement report mapping for serving cell in FR1 when[image: ]= 0 and k = 2.
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx  4
	Tc

	RX-TX_TIME_DIFFERENCE_0001
	4  TUE Rx-Tx < 8
	Tc

	RX-TX_TIME_DIFFERENCE_0002
	8  TUE Rx-Tx < 12
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_65534
	262136  TUE Rx-Tx < 262140
	Tc

	RX-TX_TIME_DIFFERENCE_65535
	262140  TUE Rx-Tx < 262144
	Tc

	RX-TX_TIME_DIFFERENCE_65536
	262144  TUE Rx-Tx < 262400
	Tc

	RX-TX_TIME_DIFFERENCE_65537
	262400  TUE Rx-Tx < 262528
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_131038
	1310176  TUE Rx-Tx < 1310192
	Tc

	RX-TX_TIME_DIFFERENCE_131039
	1310192   TUE Rx-Tx < 1310208 
	Tc

	RX-TX_TIME_DIFFERENCE_131040
	1310208   TUE Rx-Tx
	Tc



Table 3 shows report mapping when UE Rx-Tx measurement is configured only in the serving cell in FR1 and for[image: ]= 25600.
Table 3: UE Rx-Tx measurement report mapping for serving cell in FR1 when[image: ]=25600 and k = 2.
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx  25604
	Tc

	RX-TX_TIME_DIFFERENCE_0001
	25604  TUE Rx-Tx < 25608
	Tc

	RX-TX_TIME_DIFFERENCE_0002
	25608  TUE Rx-Tx < 25612
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_65534
	287736  TUE Rx-Tx < 287740
	Tc

	RX-TX_TIME_DIFFERENCE_65535
	287740  TUE Rx-Tx < 287744
	Tc

	RX-TX_TIME_DIFFERENCE_65536
	287744  TUE Rx-Tx < 287760
	Tc

	RX-TX_TIME_DIFFERENCE_65537
	287760  TUE Rx-Tx < 287792
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_131038
	1335776  TUE Rx-Tx < 1335792
	Tc

	RX-TX_TIME_DIFFERENCE_131039
	1335792  TUE Rx-Tx < 1335808
	Tc

	RX-TX_TIME_DIFFERENCE_131040
	1335808   TUE Rx-Tx
	Tc



Table 4 shows report mapping when UE Rx-Tx measurement is configured only in the serving cell in FR1 and for NTA offset = 39936.
Table 4: UE Rx-Tx measurement report mapping for serving cell in FR1 when[image: ]= 39936 and k = 2.
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx  39940
	Tc

	RX-TX_TIME_DIFFERENCE_0001
	39940  TUE Rx-Tx < 39944
	Tc

	RX-TX_TIME_DIFFERENCE_0002
	39944  TUE Rx-Tx < 39948
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_65534
	302072  TUE Rx-Tx < 302076
	Tc

	RX-TX_TIME_DIFFERENCE_65535
	302076  TUE Rx-Tx < 302080
	Tc

	RX-TX_TIME_DIFFERENCE_65536
	302080  TUE Rx-Tx < 302096
	Tc

	RX-TX_TIME_DIFFERENCE_65537
	302096  TUE Rx-Tx < 302112
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_131038
	1349888  TUE Rx-Tx < 1350016
	Tc

	RX-TX_TIME_DIFFERENCE_131039
	1350016  TUE Rx-Tx < 1350144
	Tc

	RX-TX_TIME_DIFFERENCE_131040
	1350144   TUE Rx-Tx
	Tc



Report mapping in FR1 for neighbor cell:
When the UE is configured with multi-RTT positioning by LMF then the UE is required to measure and report the UE Rx-Tx time difference measurement from multiple cells. The measured value of the UE Rx-Tx time difference measurement for the neighbour cell can be larger than the maximum value in the report mapping defined for the serving cell only case as stated earlier. We propose to extend the UE Rx-Tx measurement report mapping for the neigbor cell to the same level as max reportable RSTD value. This means extending the current maximum UE Rx-Tx measured value (e.g. 1310208 for NTA offset =0) by around 10310*64 Tc or more specifically by 10308*64 Tc to obtain rounded figures in the mapping. 
The UE Rx-Tx measurement report mapping when the UE is configured with multi-RTT positioning also depends on the configured value (k) of the reporting granularity and the configured value of NTA offset. 
The Rx-Tx mapping for different values of k=2 and NTA offset are provided in the following tables. 
Table 5 shows report mapping when UE Rx-Tx measurement is configured for serving cell and one or more neighbour cells in FR1 and for[image: ]= 0. 
Table 5: UE Rx-Tx measurement report mapping for neighbour cell in FR1 when[image: ]= 0 and k = 2.
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx  -1969920
	Tc

	RX-TX_TIME_DIFFERENCE_0001
	-1969920  TUE Rx-Tx < -1969904
	Tc

	RX-TX_TIME_DIFFERENCE_0002
	-1969904  TUE Rx-Tx < -1969888
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_131070
	-8  TUE Rx-Tx < -4 
	Tc

	RX-TX_TIME_DIFFERENCE_131071
	-4  TUE Rx-Tx < 0
	Tc

	RX-TX_TIME_DIFFERENCE_131072
	0  TUE Rx-Tx < 4
	Tc

	RX-TX_TIME_DIFFERENCE_131073
	4  TUE Rx-Tx < 8
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_344543
	1969888  TUE Rx-Tx < 1969904
	Tc

	RX-TX_TIME_DIFFERENCE_344544
	1969904  TUE Rx-Tx < 1969920
	Tc

	RX-TX_TIME_DIFFERENCE_344545
	1969920  TUE Rx-Tx
	Tc



Table 6 shows report mapping when UE Rx-Tx measurement is configured for serving cell and one or more neighbour cells in FR1 and for[image: ]= 25600.
Table 6: UE Rx-Tx measurement report mapping for neighbour cell in FR1 when[image: ]= 25600 and k = 2.
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx  -1995520
	Tc

	RX-TX_TIME_DIFFERENCE_0001
	-1995520  TUE Rx-Tx < -1995504
	Tc

	RX-TX_TIME_DIFFERENCE_0002
	-1995504 TUE Rx-Tx < -1995588
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_131070
	-8  TUE Rx-Tx < -4 
	Tc

	RX-TX_TIME_DIFFERENCE_131071
	-4  TUE Rx-Tx < 0
	Tc

	RX-TX_TIME_DIFFERENCE_131072
	0  TUE Rx-Tx < 4
	Tc

	RX-TX_TIME_DIFFERENCE_131073
	4  TUE Rx-Tx < 8
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_344543
	1995588  TUE Rx-Tx < 1995504
	Tc

	RX-TX_TIME_DIFFERENCE_344544
	1995504  TUE Rx-Tx < 1995520
	Tc

	RX-TX_TIME_DIFFERENCE_344545
	1995520  TUE Rx-Tx
	Tc



Table 7 shows report mapping when UE Rx-Tx measurement is configured for serving cell and one or more neighbour cells and for[image: ]= 39936.
Table 7: UE Rx-Tx measurement report mapping for neighbour cell in FR1 when[image: ]= 39936 and k = 2.
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx  -2009856
	Tc

	RX-TX_TIME_DIFFERENCE_0001
	-2009856  TUE Rx-Tx < -2009840
	Tc

	RX-TX_TIME_DIFFERENCE_0002
	-2009840  TUE Rx-Tx < -2009824
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_131070
	-8  TUE Rx-Tx < -4 
	Tc

	RX-TX_TIME_DIFFERENCE_131071
	-4  TUE Rx-Tx < 0
	Tc

	RX-TX_TIME_DIFFERENCE_131072
	0  TUE Rx-Tx < 4
	Tc

	RX-TX_TIME_DIFFERENCE_131073
	4  TUE Rx-Tx < 8
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_344543
	2009824  TUE Rx-Tx < 2009840
	Tc

	RX-TX_TIME_DIFFERENCE_344544
	2009840  TUE Rx-Tx < 2009856
	Tc

	RX-TX_TIME_DIFFERENCE_344545
	2009856  TUE Rx-Tx
	Tc





2.2. Report mapping in FR2
Report mapping in FR2 for serving cell:
In FR2 the report mappings are defined for all values of k = 0, 1, 2, 3, 4 and 5. The maximum number of reportable values shall be for k=0.

In FR2 the largest mandatory bandwidth is 200 MHz. Therefore, it might be challenging for the UE to apply the mapping table with smaller k values (e.g. with 1 Tc for k=0) also for smaller PRS/SRS BWs e.g. 50 or 100 MHz. Therefore, RAN4 needs to discuss the possible relation between the mapping table and the PRS/SRS BW configured for the UE Rx-Tx measurement.
Table 8 shows report mapping when UE Rx-Tx measurement is configured only in the serving cell in FR2 and for NTA offset =13792, and for k=0. 
Table 8: UE Rx-Tx measurement report mapping for serving cell in FR2 when[image: ]= 13792 and k = 0.
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx  13796
	Tc

	RX-TX_TIME_DIFFERENCE_0001
	13796  TUE Rx-Tx < 13795
	Tc

	RX-TX_TIME_DIFFERENCE_0002
	13795  TUE Rx-Tx < 13794
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_262142
	275934  TUE Rx-Tx < 275935
	Tc

	RX-TX_TIME_DIFFERENCE_262143
	275935  TUE Rx-Tx < 275936
	Tc

	RX-TX_TIME_DIFFERENCE_262144
	275936  TUE Rx-Tx < 275940
	Tc

	RX-TX_TIME_DIFFERENCE_262145
	275944  TUE Rx-Tx < 275948
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_262014
	1323992  TUE Rx-Tx < 1323996
	Tc

	RX-TX_TIME_DIFFERENCE_262015
	1323996  TUE Rx-Tx < 1324000
	Tc

	RX-TX_TIME_DIFFERENCE_262016
	1324000   TUE Rx-Tx
	Tc



Report mapping in FR2 for neighbor cell:
The UE Rx-Tx measurement report mapping for the neigbor cell in FR2 is also extended to the same level as max reportable RSTD value. Table 9 shows report mapping when UE Rx-Tx measurement is configured only in the serving cell and one or more neighbour cells in FR2 and for[image: ]= 13792 and k = 0. 
Table 9: UE Rx-Tx measurement report mapping for neighbour cell in FR2 when[image: ]= 13792 and k = 0.
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx  -1983712
	Tc

	RX-TX_TIME_DIFFERENCE_0001
	-1983712  TUE Rx-Tx < -1983708
	Tc

	RX-TX_TIME_DIFFERENCE_0002
	-1983708  TUE Rx-Tx < -1983704
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_524286
	-2  TUE Rx-Tx < -1
	Tc

	RX-TX_TIME_DIFFERENCE_524287
	-1  TUE Rx-Tx < 0
	Tc

	RX-TX_TIME_DIFFERENCE_524288
	0  TUE Rx-Tx < 1
	Tc

	RX-TX_TIME_DIFFERENCE_524289
	1  TUE Rx-Tx < 2
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_1378175
	1983704  TUE Rx-Tx < 1983708
	Tc

	RX-TX_TIME_DIFFERENCE_1378176
	1983708  TUE Rx-Tx < 1983712
	Tc

	RX-TX_TIME_DIFFERENCE_1378177
	1983712  TUE Rx-Tx
	Tc






4. Differential UE Rx-Tx report mapping 
As analysed in section 2 that uniform granularity is feasible for differential UE Rx-Tx report mapping. Furthermore, same mapping can be applied for serving and neighbour cells. However, granularity can be different for FR1 and FR2. The range can also be limited since large timing difference between UE Rx-Tx measured on different PRS resources of the same TRP (cell) is not expected. To reduce quantization error one differential mapping can be defined for FR1 for smallest possible value of k (e.g. k=2) assuming gralunarity of 4 Tc and for FR2 also for smallest possible value of k (e.g. k=0) assuming gralunarity of 1 Tc. 
Assuming maximum absolute differential value in the range of about 1 µs and considering 4 Tc of uniform granularity in FR1 the differential UE Rx-Tx time difference mapping for FR1 is given in table 10.
Table 10: Differential UE Rx-Tx measurement report mapping in FR1 assuming k=2.
	Differential reported value
	Differential measured quantity value
	Unit

	DIFF_RX-TX_TIME_DIFFERENCE_000
	TUE Rx-Tx  -1960
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_011
	-1960  TUE Rx-Tx < -1956
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_012
	-1956  TUE Rx-Tx < -1952
	Tc

	…
	…
	…

	DIFF_RX-TX_TIME_DIFFERENCE_979
	1952  TUE Rx-Tx < 1956
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_980
	1956  TUE Rx-Tx < 1960
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_981
	1960  TUE Rx-Tx
	Tc



Also assuming maxium absolute differential value in the range of 1 µs and considering 1Tc of uniform granularity in FR2 the differential UE Rx-Tx time difference mapping for FR2 is given in table 11.
Table 11: Differential UE Rx-Tx measurement report mapping in FR2 assuming k=0.
	Differential reported value
	Differential measured quantity value
	Unit

	DIFF_RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx  -1960
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0001
	-1960  TUE Rx-Tx < -1959
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0002
	-1959  TUE Rx-Tx < -1968
	Tc

	…
	…
	…

	DIFF_RX-TX_TIME_DIFFERENCE_3919
	1958  TUE Rx-Tx < 1959
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_3920
	1959  TUE Rx-Tx < 1960
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_3921
	1960  TUE Rx-Tx
	Tc



5. Summary
[bookmark: _Hlk23953093]In this paper we have analysed and proposed UE Rx-Tx measurement report mappings in NR. Following are the main observation and proposals:

Uniform vs non-uniform granularity:
· Observation#1: The differential UE Rx-Tx between different PRS resources of the same TRP is not likely to be very large.  
· Proposal #1: Define UE Rx-Tx report mapping with non-uniform granularity.
· Proposal #2: Define differential UE Rx-Tx report mapping with uniform granularity.
Same or different UE Rx-Tx mapping tables for FR1 and FR2:
· Observation#2: The sampling rates which impact granularity and in turn the mapping tables are very different in FR1 and FR2. Support of UE Rx-Tx in FR1 or FR2 is UE capability. 
· Proposal #3: Define separate UE Rx-Tx report mapping for FR1 and FR2.
UE Rx-Tx mapping tables for neighbor cell:
· Observation#3: The UE Rx-Tx can have negative values in unsychronized FDD and also in unsynchronized TDD e.g. when serving and neighbor cells belong to bands with large frequency separation. 
· Proposal #4: For neighbor cell define double sided symmetrical UE Rx-Tx report mapping.
Impact of NTA offset on UE Rx-Tx mapping:
· Observation#4: The UE Rx-Tx can have negative values in unsychronized FDD and also in unsynchronized TDD e.g. when serving and neighbor cells belong to bands with large frequency separation. 
· Proposal #5: UE Rx-Tx mapping is defined with all possible NTA offset values.
Impact of configured parameter (k) on UE Rx-Tx mapping:
· Proposal #6: UE Rx-Tx mapping in FR1 is defined for k ≥ 2.
· Proposal #7: UE Rx-Tx mapping in FR2 is defined for k ≥ 0.
Awareness of NTA offset in LMF:
· Observation#5: In FR1, gNB configures one of the three possible values of[image: ]which impacts the UE Rx-Tx mapping. 
· Observation #6: LMF needs to be aware of the NTA offset used by the UE for deriving the UE reported UE Rx-Tx measurement value.
· Proposal #8: In FR1 the UE signals the information about the NTA offset along with UE Rx-Tx measured value for enabling LMF to derive the reported value.
Awareness of of configured parameter (k) in gNB:
· Observation#7: gNB needs to be aware of the granularity parameter (k) used by the UE for deriving the UE Rx-Tx measured value reported to the gNB.
· Proposal #9: The UE shall signal the granularity parameter (k) used for deriving the reported value when reporting UE Rx-Tx measured value to gNB.
Granularity based on k:
· Proposal #10: The basic principle is that the resolution shall not be larger than 32 Tc and 128 Tc for lower and upper parts respectively of the report mapping. The resolution proportionally increases with k as shown below:
	k
	Resolution (Tc) of UE Rx-Tx measurement report mapping

	
	Lower part of mapping
	Upper part of mapping
	Applicable FR

	0
	1
	4
	FR2 only

	1
	2
	8
	FR2 only

	2
	4
	16
	FR1 and FR2

	3
	8
	32
	FR1 and FR2

	4
	16
	64
	FR1 and FR2

	5
	32
	128
	FR1 and FR2


[bookmark: _Hlk37091124]Maximum reportable UE Rx-Tx values in serving cells: 
· Proposal #10: In FR1, for UE Rx-Tx measured only on the serving cell, the largest number of reportable values (for k =2) shall be 131041.
· Proposal #11: In FR2, for UE Rx-Tx measured only on the serving cell, the largest number of reportable values (for k =0) shall be 262016.
Maximum reportable UE Rx-Tx values in neighbor cells: 
· Observation#8: UE configured with multi-RTT positioning is required to report the UE Rx-Tx measurement from multiple cells with measured value which can be larger than the maximum value in the UE Rx-Tx report mapping being defined for only serving cell measurement.
· Proposal #12: For neighbor cell the UE Rx-Tx report mapping is obtained by extending the upper and lower bounds of the UE Rx-Tx report mapping defined for serving cell by 10308*64 Tc resulting in the maximum absolute range corresponding to RSTD in LTE.
· [bookmark: _Hlk32538957]Proposal #13: In FR1, for UE Rx-Tx measured on neighbor cell, the largest number of reportable values for (k =2) shall be 344545.
· Proposal #14: In FR2, for UE Rx-Tx measured on neighbor cell, the largest number of reportable values for (k =0) shall be 1378177.
Maximum reportable differential UE Rx-Tx values for same TRP (serving or neighbour): 
· Observation#9: Since differential UE Rx-Tx of different PRS resources from the same TRP may not vary significantly, therefore quantization error should be kept small and range can be limited.
· Proposal #15: In FR1, for differential UE Rx-Tx measurement on the same TRP (serving or neighbor cell), the largest number of reportable values for (k =2) shall be 982.
· Proposal #16: In FR2, for differential UE Rx-Tx measurement on the same TRP (serving or neighbor cell), the largest number of reportable values for (k =0) shall be 3922.
Impact of PRS/SRS BW on UE Rx-Tx granularity: 
· Observation#10: It might be challenging for UE to report UE Rx-Tx with finer granularity for smaller BW of PRS/SRS e.g. for k=0 with PRS BW = 50 MHz in FR2 or k=2 with PRS BW = 10 MHz in FR1.
· Proposal #17: Analyze whether UE Rx-Tx report mapping can be applied for all values of k regardless of the BW of PRS and SRS configured for UE Rx-Tx measurement.
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