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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN4#92-bis meeting, there are no conclusions for the following topics:
· Definition of intra- and inter-frequency RSTD
· Whether all or some of the signals need to be restricted in the PRS symbols
· Design of RSTD report mapping table
· Whether new gaps are needed or existing gaps are sufficient
· Number of frequency layers which the UE is required to monitor

In this contribution, we provide our views on these topics.

[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]RSTD Reporting Mapping Table
In LTE OTDOA, the mapping table for UE to report RSTD is shown below [1]:
[image: ]
Table 1: RSTD mapping table in LTE
In the table above, it can be observed that
· Maximum range of RSTD is 15391Ts
· Time resolution is 1Ts for |RSTD|≤4096Ts
· Time resolution is 5Ts for 15391Ts >|RSTD|> 4096Ts
where Ts = 32.6ns is the basic time unit for LTE. We can say that there are two RSTD ranges in the above table, the time resolution is 1Ts for RSTD range 1, and the time resolution is 5Ts for RSTD range 2. There is no further RSTD indication for RSTD out of these 2 ranges.
For NR, the positioning accuracy is expected to be higher than that of LTE. Specifically, the NR commercial positioning accuracy requirements are
· Positioning error < 10m for 80% of outdoor UEs
· Positioning error < 3m for 80% of indoor office UEs
Considering the commercial positioning accuracy requirements, and that basic time unit in NR is Tc = Ts/64 = 0.509ns, the RSTD mapping table in NR should be designed such that the time resolution can be smaller than that of LTE.
For the RSTD mapping table in NR, it would be good if the following principles can be meet:
· Smallest time resolution is 1Tc 
· The maximum range of RSTD is the same as that in LTE (namely, 15391Ts)
In addition, we need to take the size of the mapping table into consideration. For example, if we choose 1Tc as the time resolution of RSTD range 1, and 4Tc as the time resolution of RSTD range 2, while maintaining the maximum range of RSTD, then the size of the RSTD mapping table would become extremely large.
Also, since FR2 may have large channel bandwidth that FR1, the RSTD mapping table should be different for FR1 and FR2.
Based on above, for FR1, we have the following proposal:Proposal 1: 
· RSTD mapping table in LTE (as shown in Table 1) can be reused for NR FR1
· In order to support higher timing solution, every RSTD interval in Table 1 can be further divided into M sub-intervals, and UE report the sub-interval index to further indicate the RSTD range in higher resolution
· The value M can be signaled to the UE by the network
· If M is not configured by the network, the UE reports RSTD based on Table 1 only


For example, the network may indicate M = 64 to the UE, then every interval in Table 1 can be divided into 64 sub-intervals as shown in the following table:
	Reported index
	Sub-interval
	Unit

	0
	[0, X/64)
	Ts/64

	1
	[X/64, 2*X/64)
	Ts/64

	…
	…
	

	63
	[63*X/64, X)
	Ts/64


Table 2: Sub-intervals for each interval in Table 1
where 
· X = Ts if reported RSTD is in range 1of Table 1
· X = 5 Ts if reported RSTD is in range 2 of Table 1
In such a case, if UE wants to report  2 Ts + 1Tc < RSTD < 2Ts + 2Tc, then the UE reports RSTD_6357 as indicated in Table 1, and further report the interval index 1 as indicated in Table 2.
We have the following notes regarding proposal 1:
· LTE’s RSTD mapping table design is reused, smallest time resolution can be 1 Tc
· For range 1, namely |RSTD|≤4096Ts, depending on requirement, the network may control the time resolution to be Tc, 2Tc, 4Tc, …, 64Tc, which provides flexibility for practical applications
For FR2, we have the following proposal:Proposal 2: 
· Table 3 can be used as RSTD mapping table in for NR FR2
· In order to support higher timing solution, every RSTD interval in Table 3 can be further divided into M sub-intervals, and UE report the sub-interval index to further indicate the RSTD range in higher resolution
· The value M can be signaled to the UE by the network
· If M is not configured by the network, the UE reports RSTD based on Table 3 only


	Reported value
	Measured Quantity Value
	Unit

	RSTD_0
	RSTD < - 985024
	Tc

	RSTD_1
	- 985024 <= RSTD <= - 984960
	Tc

	…
	…
	Tc

	RSTD_11294
	-262272 < RSTD <= -262208
	Tc

	RSTD_11295
	-262208 < RSTD < -262144
	Tc

	RSTD_11296
	-262144<= RSTD < -262128
	Tc

	…
	…
	…

	RSTD_27678
	-32 <= RSTD < -16
	Tc

	RSTD_27679
	-16 <= RSTD < 0
	Tc

	RSTD_27680
	0<= RSTD <= 16
	Tc

	RSTD_27681
	16 < RSTD <= 32
	Tc

	…
	…
	Tc

	RSTD_44063
	262128 < RSTD <= 262144
	Tc

	RSTD_44064
	262144 < RSTD <= 262208
	Tc

	RSTD_44065
	262208 < RSTD <= 262272
	Tc

	…
	…
	…

	RSTD_55385
	984960 < RSTD <= 985024
	Tc

	RSTD_55386
	985024 < RSTD
	Tc


Table 3: RSTD mapping table for NR FR2

For example, the network may indicate M = 16 to the UE, then every interval in Table 3 can be divided into 16 sub-intervals as shown in the following table:
	Reported index
	Sub-interval
	Unit

	0
	[0, X/16)
	Tc

	1
	[X/16, 2*X/16)
	Tc

	…
	…
	…

	15
	[15*X/16, X)
	Tc


Table 4: Sub-intervals for each interval in Table 3

where 
· X = 16Tc if RSTD is in the range | RSTD |  Table 1
· X = 64Tc if RSTD is in the range reported 262144 Tc  | RSTD |  985024 Tc 
In such a case, if UE wants to report  16 Tc + 1Tc < RSTD < 16Ts + 2Tc, then the UE reports RSTD_27681 as indicated in Table 3, and further reports the interval index 1 as indicated in Table 4.
We have the following notes regarding proposal 2:
· The range 1 of Table 3 is | RSTD | , and the upper bound of this range is equal to 4096Ts, which is the upper bound of range 1 in LTE’s RSTD mapping table as shown in Table 1
· The range 2 of Table 3 is 262144 Tc  | RSTD |  985024 Tc, and the upper bound of this range is equal to 15391Ts, which is the upper bound of range 2 in LTE’s RSTD mapping table as shown in Table 1
· For range 1, depending on requirement, the network may control the time resolution to be Tc, 2Tc, 4Tc, …, 16Tc, which provides flexibility for practical applications

Measurement Gap for PRS 
In NR, one purpose of measurement gap (MG) is to allow UE to measure inter-frequency SSB in an SMTC window, where the SMTC window is within the duration of a MG occasion. If the UE is required to measure LTE PRS, the UE may also measures PRS in that measurement gap occasion. Higher priority is given to PRS, which means that if a PRS duration overlaps with a SSB duration, then the UE doesn’t need to measure that SSB.
In our view, the same scheme can be reused for NR PRS. There is no need to configure another MG pattern (in addition to the MG patterns for SMTC) for NR PRS. In fact, if another MG pattern (in addition to the MG patterns for SMTC) is configured for NR PRS measurement, then the UE suffers throughput drop since UE cannot receive PDSCH in measurement gaps.
Also, 24 MG patterns (with different MGLs and MGRPs) have been defined in Table 9.1.2-1 of TS 38.133. We don’t see there is a need to define a new MG pattern in addition to the existing 24 MG patterns.Proposal 3: There is no need to introduce new measurement gaps for NR PRS. The network does not need to configure another measure gap (in addition to the measurement gap for SMTC) for NR PRS measurement



In order to boost the accuracy of positioning, it is very likely that PRS transmission bandwidth would be larger than the active BWP for a UE. In general, BWP switching includes the adjustment of centre frequency and the bandwidth adaptation. 
In the case that the centre frequency of PRS bandwidth and active BWP are the same, the UE doesn’t need to adjust the centre frequency, and instead only the RF filter bandwidth adjustment is needed for PRS measurement. In such cases, the UE may require a relatively small time period for bandwidth adaptation.
However, the current agreements indicate that, the PRS measurement needs to be performed within a MG, even if only a small bandwidth adaptation time period is required.
Note that assigning more measurement objects to be measured within the MGs may lead to the increase of MG occasions. Note also that the network may only provide a single per-UE MG pattern for concurrent monitoring all frequency layers. Thus, we have the following observation:Observation 1: The restriction that PRS measurement must be performed within measurement gaps may lead to the increase measurement gap occasions and the increase of UE’s reporting delay  

To improve the system efficiency, we have the following proposal:Proposal 4: 
· In the case that the numerology and the centre frequency of neighbour cell PRS are the same as those of active BWP, the measurement gaps may not be required for the UE to perform PRS measurement 
· Instead, the network may configure a small time period before the start timing of PRS search windows and configure another small time period after the end timing of PRS search windows, such that UE may perform bandwidth adaptation within those configured time periods 
The detailed specification is FFS.

A PRS search window is a window in which the UE searches for the first path of PRS from a cell. The concept of proposal 1 is further illustrated in the following figure:
[image: ]
Figure 1: An illustration that UE performs PRS-RSTD measurement without measurement gaps
In the above figure, there are three neighbor cells transmitting PRS, and 3 PRS search windows are configured to the UE. For each cell, UE searches for the first path of PRS from a cell in the corresponding PRS search window. The center frequency and numerology of the PRSs from the three cells are the same as those of the serving cell. 
In Figure 1, the earliest start timing of PRS search windows is T1, and the last end timing of PRS search windows is T2. There are several symbols before T1 and after T2 where there is no data transmission, such that the UE may perform bandwidth adaptation (without center frequency change) within the time periods of these symbol.  Furthermore, the serving cell does not schedule PDCCH/PDSCH to the UE within the time duration [T1, T2]. 
The UE is then able to do PRS-RSTD measurement for the 3 neighbor cells without measurement gaps.
Other Aspects Regarding PRS-RSTD Measurement
Regarding the definition of intra- and inter-frequency RSTD, we have the following proposal: Proposal 5: The PRSs with the same numerology and the same center frequency as the serving cell active BWP are intra-frequency PRSs. PRSs not satisfying the definition of intra-frequency PRS are considered to be inter-frequency PRS

[bookmark: _GoBack]Regarding whether all or some of the signals need to be restricted in the PRS symbols, we have the following proposal:Proposal 6: For a time duration in which a cell is transmitting PRS, the cell should not transmit any other signals that may lead to interference for UE to receive PRSs from other cells.

Regarding the number of frequency layers which the UE is required to monitor, we have the following proposal:Proposal 7: UE is required to monitor 1 frequency layer as baseline. Monitoring more than 1 frequency layers (e.g., 2 or 3) can be an UE capability.


Conclusions
In this contribution, we have the following observations and proposals:
Proposal 1: 
· RSTD mapping table in LTE (as shown in Table 1) can be reused for NR FR1
· In order to support higher timing solution, every RSTD interval in Table 1 can be further divided into M sub-intervals, and UE report the sub-interval index to further indicate the RSTD range in higher resolution
· The value M can be signaled to the UE by the network
· If M is not configured by the network, the UE reports RSTD based on Table 1 only
Proposal 2: 
· Table 3 can be used as RSTD mapping table in for NR FR2
· In order to support higher timing solution, every RSTD interval in Table 3 can be further divided into M sub-intervals, and UE report the sub-interval index to further indicate the RSTD range in higher resolution
· The value M can be signaled to the UE by the network
· If M is not configured by the network, the UE reports RSTD based on Table 3 only
Proposal 3: There is no need to introduce new measurement gaps for NR PRS. The network does not need to configure another measure gap (in addition to the measurement gap for SMTC) for NR PRS measurement
Observation 1: The restriction that PRS measurement must be performed within measurement gaps may lead to the increase measurement gap occasions and the increase of UE’s reporting delay  
Proposal 4: 
· In the case that the numerology and the centre frequency of neighbour cell PRS are the same as those of active BWP, the measurement gaps may not be required for the UE to perform PRS measurement 
· Instead, the network may configure a small time period before the start timing of PRS search windows and configure another small time period after the end timing of PRS search windows, such that UE may perform bandwidth adaptation within those configured time periods 
The detailed specification is FFS.
Proposal 5: The PRSs with the same numerology and the same center frequency as the serving cell active BWP are intra-frequency PRSs. PRSs not satisfying the definition of intra-frequency PRS are considered to be inter-frequency PRS
Proposal 6: For a time duration in which a cell is transmitting PRS, the cell should not transmit any other signals that may lead to interference for UE to receive PRSs from other cells
Proposal 7: UE is required to monitor 1 frequency layer as baseline. Monitoring more than 1 frequency layers (e.g., 2 or 3) can be an UE capability
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