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In RAN1 #AH1901 meeting, several candidate techniques and RS designs for positioning were discussed for NR RAT-dependent positioning.  The following agreements in [1] were achieved regarding DL positioning:
Agreement:
· NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· [bookmark: _GoBack]Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques
Agreement:
Enhancements to performance obtainable based on existing NR DL reference signals (e.g., based on extensions to current reference signals or with new reference signals) are necessary to meet accuracy requirements at least in some scenarios
Agreement:
NR DL PRS design for FR1 and FR2 supports:
Configurable NR DL PRS signal bandwidth
· FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
Configurable NR DL PRS signal numerology (SCS)
· FFS configurability of CP for NR DL PRS
Configurable NR DL PRS frequency and time allocation
Use of DL beam sweeping / alignment
· i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
· FFS signaling details
Dedicated NR DL PRS resources - time-frequency grid at resource block level 
· PRS transmitted in one cell may or may not collide with PRS transmissions in other cell
· e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB
· There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources
· FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded
· FFS interference randomization techniques across PRS signals
FFS shared in time/frequency NR DL PRS resources with other transmissions including data/control
· FFS which physical channel/signals can share resources with NR DL PRS
· FFS interference randomization techniques for PRS transmission with other signals
Agreement:
For NR DL PRS resource design:
One antenna port is supported.
· FFS: configurable number of antenna ports (more than one) in addition to support of a single port
Agreement:
A PRS resource should have a PRS resource ID and a PRS sequence should have a PRS sequence ID 
Agreement:
NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is FFS.
· In any OFDM symbol, PRS resource occupies consecutive PRBs
· FFS if multiple symbols can be non-consecutive
· FFS on PRS Resource Set
FFS: whether support of PRS frequency hopping is needed
Agreement:
NR supports RSTD measurements for NR DL PRS
· FFS: RSTD b/w different configured PRS resources, beams, TRPs, cells, etc.
NR supports RSRP measurement for NR DL PRS
FFS if NR supports RSTD measurement quality metric for NR DL PRS
FFS other measurements
In this contribution, we present our views on NR downlink positioning techniques, in particular, on DL Positioning Reference Signal (PRS) design.
DL PRS design
In downlink (e.g., timing and/or angle based) positioning, a UE measures the DL reference signals from the serving and nearby cells to obtain the positioning measurements (e.g., RSTD for OTDOA) and reports the measurements to a location server in the network, where the UE position is determined based on multi-lateration or other algorithms.
In order to support timing and/or angle based DL positioning techniques, a DL PRS must be designed for positioning purpose. On the one hand, DL PRS design in NR should provide good performance to meet the requirements of regulatory and commercial use case. On the other hand, DL PRS design should be flexible enough to match NR framework. 
CSI-RS framework
In principle, any DL RS (e.g., PSS, SSS, CSI-RS) can be used to obtain the RSTD measurements. However, these DL RS are designed to enable communication between the UE and typically just a single serving cell. Furthermore, cell planning is likely conducted for resource optimization and interference minimization in the network which in turn may adversely limit the number of neighboring cells from which the UE is required to detect the DL PRS for DL positioning.  For this reason, PRS was specially introduced to support LTE OTDOA.
It has been agreed in RAN1#AH1901 meeting that DL PRS design should support configurable signal bandwidth and numerology, configurable frequency and time allocation, DL beam sweeping/alignment, transmissions with periodic and/or on-demand resource allocation. We notice that some of these requirements are already fulfilled by some existing NR signal. Reusing existing NR signal can greatly simplify DL PRS design and specification work. There is also implementation benefit if DL PRS is obtained by extension to existing NR signal parameter and/or adding new configurations where UE receiver module(s) may be reused.
Looking at all the existing NR signal, we think NR CSI-RS framework is the most suitable candidate for NR DL PRS, considering the flexibility of CSI-RS configuration including bandwidth, periodicity and the set of REs used for CSI-RS transmission. NR CSI-RS framework is designed for multiple purposes; including CSI reporting, tracking, beam management, mobility. Different CSI-RS configurations are defined for tracking (TRS), beam management (BM), channel state information (CSI) reporting, etc. We acknowledge that existing NR CSI-RS configurations are not design for positioning purpose. In other words, not all the desirable requirements of PRS are supported by the existing CSI-RS configurations. However, most of the above identified requirements are supported already by different CSI-RS configurations. For instance, TRS are transmitted from the same single antenna port while CSI-RS for beam management support DL TX and RX beam sweeping.
Considering the flexible configurations of NR CSI-RS framework, we propose that NR DL PRS should 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. By using CSI-RS framework, not only PRS pattern can be flexibly configured to satisfy positioning performance requirements, we may also reuse some of CSI-RS design aspects, e.g. flexible periodicity, colliding rules and multiple configurations. 
[bookmark: Pro1]Proposal 1: Adopt NR CSI-RS framework to define DL PRS patterns. 
PRS patterns
Regarding PRS allocation in time and frequency domain, there were discussions on whether comb-1 and/or other staggering RS pattern should be used for PRS [2, 3]. Compared to comb-1 where RS occupies only one OFDM symbol, 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.  Furthermore, adding RS symbols can also improve the power of maximum peaks to obtain better RSTD accuracy. Similar to LTE PRS design, we think diagonal RS pattern is a good choice for NR DL PRS. 
Fig. 1 illustrates a diagonal pattern with 11 symbols and a comb-6 structure which supports FDM of PRSs from 6 cells where each cell (TRP) can be configured with distinct staggered PRS pattern. It can be used for DL PRS at least for FR1. For FR2, considering the multi-beam operation in high frequency, the large time span of symbols occupied by PRS may need to be limited to reduce time duration because of large time overhead. So PRS patterns with small time spans should be specially designed for multi-beam operation. To ensure performance, the density of RS can be appropriately increased. Fig. 2 shows a candidate PRS pattern for multi-beam operation. 


              
Fig.1 a candidate pattern for DL PRS                      Fig.2 a candidate pattern for multi-beam operation
In contrast with LTE, it is hard to define a single pattern satisfying all cases in NR. One way is to define a basic pattern firstly, and then truncate the pattern according to different scenarios. PRS pattern design should also consider different positioning accuracy requirements and be flexible enough to satisfy them. 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. 
[bookmark: Pro2]Proposal 2: Multiple DL PRS patterns should be supported for different cases.
PRS bandwidth
NR PRS design should consider the operation in low and high frequency band of NR radio-technology. PRS should support scalable bandwidth from 5 MHz to 400 MHz. Large bandwidth can bring good correlation performance and high RSTD resolution. In our companion contribution [4], it is observed that using PRS with a 400 MHz bandwidth can meet the stringent requirement of 1 m. Therefore we propose that the bandwidth of NR PRS should not be limited to the active BWP. 
Another reason to configure PRS bandwidth as cell-specific instead of dependent on UE’s BWP is that the location server (i.e., location management function LMF) and neighboring cells do not need to know the UE’s BWP specific parameters in the serving cell.
When PRS bandwidth is larger than UE’s active BWP, UE can measure PRS on inactive BWP through measurement gap.
[bookmark: Pro3]Proposal 3: The bandwidth of NR DL PRS is not limited to the bandwidth of UE’s active BWP.
· Reuse measurement gap when the PRS bandwidth is larger than the bandwidth of UE’s active BWP.
PRS numerology
PRS should support all the numerologies supported by NR, i.e., scalable bandwidth from 5 MHz to 400 MHz, subcarrier spacing from 15 kHz to 240 kHz and carrier frequency below and above 6 GHz. CP is used to eliminate inter-symbol interference and the CP length is generally greater than the delay spread of the channel. Table1 lists the CP length in different numerologies supported by NR. For 120 kHz subcarrier spacing, the CP length is 0.57 us corresponding to a distance of 171 m. In some scenarios where the network configures RPS on the cells far from the UE, it’s hard to guarantee that RSTD is within the CP length. Thus it is necessary to allow configuration of extended CP for NR DL PRS.
Table1 Supported transmission numerologies
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal


[bookmark: Pro4]Proposal 4: Support configuration of extended CP for NR PRS.
PRS beam configuration
Beam sweeping / alignment has been agreed to be supported by DL PRS [1]. Beam related information can provide spatial and angular domain information such as accurate arrival/departure angle, which in turn provide additional benefit for UE position measurement. However, analog beamforming causes scheduling restriction that each symbol is transmitted using only one beam per panel, which affects PRS design especially in FR2. In order to support beam sweeping / alignment, we think beam configuration for the serving cell PRS could refer to beam configuration of CSI-RS or SSB of the serving cell. Beam configuration of neighboring cells PRS could refer to the optimal beam pair of the SSB of neighboring cells. 
[bookmark: Pro5]Proposal 5: Beam configuration for the serving cell PRS could refer to beam configuration of CSI-RS or SSB of the serving cell. Beam configuration of neighboring cells PRS could refer to the optimal beam pair of the SSB of neighboring cells.
In LTE, PRSs from multiple cells or TRPs can be transmitted at the same time if ignoring 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     
[bookmark: Pro6]Proposal 6: When measuring RSTD from different RS beam, UE should consider removing the time difference between different receiving beams.
PRS sequence
Considering the good performance and small impact on RAN1 specification, we propose to reuse pseudo-random QPSK sequence as NR DL PRS sequence which has been specified 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.
[bookmark: Pro7]Proposal 7: Adopt pseudo-random QPSK sequence as NR DL PRS sequence.
PRS transmission
Periodic PRS has been already agreed for downlink positioning in LTE. However, for NR, we foresee some scenarios which may need more than periodic PRS transmission. In multiple use cases such as beam switching, BWP switching, aperiodic positioning request from UE/network etc., periodic PRS may not be always available. Therefore, it is essential to introduce aperiodic and semi-persistent DL PRS transmission. 
[bookmark: Pro8]Proposal 8: Support periodic, aperiodic and semi-persistent transmission for NR DL PRS.
As discussed in PRS bandwidth, it is desirable to configure DL PRS as cell-specific instead of UE-specific since multiple UEs in a given area may share/use the same DL PRS configuration. Although the triggering signaling for aperiodic (on-demand) positioning could be UE-specific.  
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 RRC-idle or RRC-inactive mode to reduce power consumption. For the positioning techniques in LTE, when some applications 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 go back to connected mode to perform positioning which causes large power consumption. Considering power saving, it is beneficial to support 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 initiates 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. Other details and procedures of idle and inactive mode positioning can be found in our companion contribution [5].
[bookmark: Pro9]Proposal 9: UE measurement for DL PRS in idle and inactive mode should be supported.
UE-based positioning
In LTE, OTDOA positioning currently relies on the network server (i.e., LMF) to calculate for the target UE position. This relies on the DL transmission of PRS from the base stations (TRPs), UE measurement of DL PRS and reporting back to the network which has a considerable latency associated with this process. In some scenarios, there may be cases where the applications that require an immediate response at the UE. In such cases, it is beneficial to support UE-based positioning where positioning calculation is performed by the UE itself with some TRP location information and/or other hybrid approach together with RAT-independent methods (e.g., GNSS, sensors, etc.). Thus, the UE need to know the geographic locations of the measured gNBs/TRPs and the gNB synchronization information. Details of how UE obtain this information can be referred to our companion contribution [6].  
Conclusion
In this contribution, we discuss NR DL PRS design with the following proposals:
Proposal 1: Adopt NR CSI-RS framework to define DL PRS patterns. 
Proposal 2: Multiple DL PRS patterns should be supported for different cases.
Proposal 3: The bandwidth of NR DL PRS is not limited to the bandwidth of UE’s active BWP.
· Reuse measurement gap when the PRS bandwidth is larger than the bandwidth of UE’s active BWP.
Proposal 4: Support configuration of extended CP for NR PRS.
Proposal 5: Beam configuration for the serving cell PRS could refer to beam configuration of CSI-RS or SSB of the serving cell. Beam configuration of neighboring cells PRS could refer to the optimal beam pair of the SSB of neighboring cells.
Proposal 6: When measuring RSTD from different RS beam, UE should consider removing the time difference between different receiving beams.
Proposal 7: Adopt pseudo-random QPSK sequence as NR DL PRS sequence.
Proposal 8: Support periodic, aperiodic and semi-persistent transmission for NR DL PRS.
 Proposal 9: UE measurement for DL PRS in idle and inactive mode should be supported.
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