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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#95, several candidate techniques and RS were agreed at least for NR RAT-dependent positioning.  The following agreements in [1] were achieved regarding DL positioning:
Agreement:
The following candidate techniques are considered for study of DL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Phase difference based techniques
· Note: feasibility needs to be further assessed
· Angle-based techniques
· Downlink angle(s) of departure 
· Downlink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID) 
In this contribution, NR OTDOA related techniques are discussed.
2. OTDOA  related Techniques
Considering the existing studies on positioning in LTE/LTE-A, positioning techniques are based on OTDOA, UTDOA and E-CID had been mainly focused and there were well-defined simulation methodologies. NR could reuse the methodology in LTE/LTE-A and update the existing technologies according to new technologies which have been specified in Rel-15. OTDOA was considered as a baseline technique for previous positioning evaluation. OTDOA related techniques could provide more accurate UE location and have greater impact on RAN1 specification than other positioning technologies. Therefore RAN1 needs to study potential enhancement of NR OTDOA for more stringent regulation and commercial requirements. In addition, some considerations were discussed in our contribution of last meeting, where the following considerations were made for the NR positioning reference signal design. 
NR positioning reference signal design should consider at least the points proposed below
-NR beam mechanism.
-Multi-TRP or multi-cell transmission.
-The operation in low and high frequency band of NR radio-technology.
-The relationship with other signal/reference signals of NR radio-technology.
-Other time/frequency/spatial configurations of NR system.
-Smaller influence on NR specification, lower overhead and power consumption.
-Positioning requirements such as accuracy and latency.
-The frequency offset caused by local crystal oscillator, phase noise, high speed UE or other unknown reasons.
-Increasing hearablity from other positioning node and reducing the interference from other cell or TRP.
On the one hand, positioning RS design in NR should provide good performance to meet the requirements of regulatory and commercial use case. On the other hand, positioning RS should be flexible enough to match NR framework. In this contribution, NR positioning RS is also called NR PRS. 
2.1	Considerations on NR PRS
Considering the complicated and flexible configurations of NR framework, we proposed that NR PRS could be configured like a kind of NZP CSI-RS resource set including one or several configured CSI-RS, which simplifies RRC signaling overhead and provides enough flexibility. Moreover, some configurations of NR CSI-RS need to be modified for positioning purpose. By using a kind of CSI-RS, not only PRS pattern can be flexibly configured and satisfied, we may also reuse part of CSI-RS design aspects, e.g. flexible periodicity, colliding rules and multiple configurations. 
Proposal 1: 
· Considering composing NR PRS pattern with basic NZP CSI-RS patterns specified in Release-15.
Diagonal RS design can suppress secondary cross-correlation peaks caused by RS from different symbols which can reduce the interference when detecting the first path.  Adding RS symbols can also improve the power of maximum peaks to obtain better RSTD accuracy. Based on the discussion above, we can reuse LTE PRS pattern ignoring the impact of CRS with small changes. The pattern in Figure1 is a diagonal pattern with 11 symbols and a comb-6 structure which supports FDM of PRSs from 6 cells. It can be used as a candidate pattern for NR PRS at least for FR1. But considering the multi-beam operation in high frequency, the large time span of symbols occupied by PRS may be restricted to narrow time duration because of large time overhead. So some patterns with small time spans should be specially designed for multi-beam operation. To ensure performance, the density of RS can be appropriately increased. The pattern in Figure2 is an example. In contrast with LTE, it is hard to define a fixed pattern satisfying all cases in NR. One way is to define a basic pattern firstly, and then truncate the pattern according to different scenarios. 


              
Fig.1 a candidate pattern for NR PRS                      Fig.2 a candidate pattern for multi-beam operation 
Proposal 2: 
· Multiple NR PRS patterns should be supported for different cases.
· Support NR PRS pattern in Fig.1 at least for FR1.
PRS pattern design should also consider positioning requirements such as accuracy and be flexible enough to satisfy different accuracy requirements. In the scenarios where performance requirements are not stringent, the PRS pattern design with less overhead could be adopted. While in some other high-accuracy scenarios, the pattern with large overhead should be considered. 
Proposal 3: 
· NR PRS pattern design should be related to target accuracy of certain scenarios.
Beam configuration is also an important part that should be supported. Beam management information can provide spatial and angular domains information such as accurate arrival/departure angle, which can provide additional benefit for UE position measurement. In addition, analog beamforming brings scheduling restriction that each symbol is transmitted using one beam only per panel, which effects on positioning RS design especially in FR2. Beam configuration for serving cell PRS could refer to beam configuration of CSI-RS or SSB of serving cell. The beam configuration of neighboring cell PRS could refer to the optimal beam pair of the SSB of neighboring cells. 
Proposal 4: 
· Beam configuration for serving cell PRS could refer to beam configuration of CSI-RS or SSB of serving cell. The beam configuration of neighboring cell PRS could refer to the optimal beam pair of the SSB of neighboring cells.
NR PRS design should consider the operation in low and high frequency band of NR radio-technology. PRS should support scalable bandwidth from 5MHz to 400MHz, subcarrier spacing from 15kHz to 240kHz and carrier frequency below/above 6GHz. Large bandwidth can bring good correlation performance and high RSTD resolution. In our previous simulations, it can be seen that using PRS with a 400MHz bandwidth can meet the stringent requirement of 1m. Therefore we support that the bandwidth of NR PRS can be not limited to the active BWP. In other words, UE is supposed to measure PRS on inactive BWP through measurement gap.
Proposal 5: 
· The bandwidth of NR PRS is not limit to the bandwidth of the active BWP.
· Reuse measurement gap when the PRS bandwidth is larger than the bandwidth of active BWP.
Considering the good performance and small impact on RAN1 specification, we support reusing pseudo-random QPSK sequence as NR PRS sequence which has been specified in previous version for LTE PRS. The initial value of the pseudo-random sequence should take the cell/TRP ID, CP type, slot/symbol number or SSB index into account.
Proposal 6: 
· Support reusing pseudo-random QPSK sequence as NR PRS sequence.
CP is used to eliminate intersymbol interference and the CP length is generally greater than the delay spread of the channel. CP configuration has been agreed in NR. Table1 demonstrates the CP length in different numerologies. For 120 kHz subcarrier bandwidth, the CP length is 0.57us corresponding to a distance of 171m. In some scenarios which network configures positioning reference signal on the cells far from UE, we cannot guarantee that RSTD is within the CP length. Thus it is better to allow configuration of extended CP for NR PRS.
Table1 Supported transmission numerologies
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal


Proposal 7: 
· Support configuration of extended CP for NR PRS.
Periodic PRS has been already agreed for downlink positioning in LTE. Unfortunately, there are many events in NR which may need more than periodic PRS. In multiple use cases such as beam switching, BWP switching, aperiodic positioning request from UE/network etc., periodic PRS is not available. Therefore, it is essential to introduce aperiodic or semi-persistent PRS in some events. 
Proposal 8: 
· Support periodic, aperiodic and semi-persistent transmission for NR PRS.

2.2	Measurements for NR PRS 
In LTE, PRSs from multiple cells or TRPs can be transmitted at the same time if ignoring the impact of synchronization error. UE may directly calculate the RSTD according to the arrival time of the PRSs. But in NR, for multi-beam operation, UE may receive PRSs through multiple RX beams as shown in Fig.3. The receiving time of PRSs is T1 and T2. The transmitting time is t1 and t2. So the RSTD can be represented by (T2-t2)-(T1-t1). Not the same as LTE, in NR, when measuring RSTD from different RS beam, UE should consider removing the time difference between different receiving beams.


Fig.3 Reception of NR PRS beams     
Proposal 9: 
· When measuring RSTD from different RS beam, UE should consider removing the time difference between different receiving beams.
3. Positioning in idle/inactive mode 
In some situations, there is no data transmission between the gNB and the UE. Therefore the UE may switch to the RRC-idle or RRC-inactive mode to reduce power consumption. Based on the positioning techniques now, once some APPs need to make some location updates in idle or inactive mode, UE has to return to RRC-connective mode to provide positioning service. Moreover, in some scenarios where flow of people needs to count or lots of user locations need to obtain, all UEs have to back connected mode to perform positioning which causes  large power consumption. Considering power saving, it is beneficial to study positioning processing in idle and inactive mode.
In LTE, NB-IoT UEs could perform measurements for some positioning methods when in idle mode. Before the location measurements are to be sent to the E-SMLC, the UE instigates a connection resume procedure in order to establish a signaling connection with the MME. Then the UE sends one or more LPP messages containing the requested location measurements or location estimate obtained in idle mode to the E-SMLC.
The operation in NB-IoT can be reused in NR. To support positioning in idle or inactive mode, NR UEs should also be able to perform measurements in idle or inactive mode at least.
[bookmark: _GoBack]Proposal 10: 
· PRS measurement in idle and inactive mode should be studied.
4. Conclusion
In this contribution, we discuss NR DL positioning techniques with the following proposals:
Proposal 1: 
· Considering composing NR PRS pattern with basic NZP CSI-RS patterns specified in Release-15.
Proposal 2: 
· Multiple PRS patterns should be supported for different cases.
· Support NR PRS pattern in Fig.1 at least for FR1.


Fig.1 a candidate pattern for NR PRS
Proposal 3: 
· NR PRS pattern design should be related to target accuracy of certain scenarios.
Proposal 4: 
· Beam configuration for serving cell PRS could refer to beam configuration of CSI-RS or SSB of serving cell. The beam configuration of neighboring cell PRS could refer to the optimal beam pair of the SSB of neighboring cells.
Proposal 5: 
· The bandwidth of NR PRS is not limit to the bandwidth of the active BWP.
· Reuse measurement gap when the PRS bandwidth is larger thant the bandwidth of active BWP.
Proposal 6: 
· Support reusing pseudo-random QPSK sequence as NR PRS sequence.
Proposal 7: 
· Support configuration of extended CP for NR PRS.
Proposal 8: 
· Support periodic, aperiodic and semi-persistent transmission for NR PRS.
Proposal 9: 
· When measuring RSTD from different RS beam, UE should consider removing the time difference between different receiving beams.
Proposal 10: 
· PRS measurement in idle and inactive mode should be studied.
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