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1. Introduction
 WID of NR positioning support [1] includes the following objects for DL signal-based petitioning from RAN1 perspective:
	Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning


 Pertinent agreements related with DL positioning reference signal made so far are summarized as:
	Agreement:
RAN1 to select one of the following alternatives for periodic DL PRS Resource Allocation at RAN1#98:
· Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level
· Common period is used for DL PRS resources within a DL PRS Resource Set
· Alt.2 - Periodicity of DL PRS Resource is configured at DL PRS Resource level
· Different periods can be used for DL PRS resources within a DL PRS Resource Set

Agreement:
DL PRS occasion is one instance of periodically repeated time windows (consecutive slot(s)) where DL PRS is expected to be transmitted
· FFS: If this definition is introduced for muting or DL PRS resource allocation or both
Agreement:
· Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 3, 8, 12}
· DL PRS Resource comb-N value is configurable from the set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 8, 12}
· Note: The dependence between the number of symbols and the comb size should be considered when considering the inclusion of additional values in the sets for these parameters
Agreement:
DL PRS muting is supported. The UE is expected to be indicated when the DL PRS is muted.

Agreement:
DL PRS configuration including DL PRS transmission schedule is to be indicated to the UE for DL PRS positioning measurements
· The UE is not expected to perform any blind detection of DL PRS configurations
Agreement:
DL PRS Resource is described by at least the following parameters
· DL PRS Resource ID (previously agreed)
· Sequence ID (previously agreed)
· Comb Size-N
· RE Offset in frequency domain
· FFS whether this offset is a single value or multiple values
· Starting slot and symbol of DL PRS Resource
· FFS whether it can be represented by time offset with respect to some reference
· Number of symbols per DL PRS Resource (Duration of DL PRS Resource)
· Quasi-colocation information (QCL with other DL reference signals)
· FFS QCL type and source reference signals
· FFS: Number of Tx Ports
· FFS: Power offset b/w DL PRS and SSB
· FFS: Transmission bandwidth and starting PRB with respect to Point A
· FFS: Numerology

Agreement:
· Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 3, 8, 12}
· DL PRS Resource comb-N value is configurable from the set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 8, 12}
· Note: The dependence between the number of symbols and the comb size should be considered when considering the inclusion of additional values in the sets for these parameters


 
In this contribution, we present our views on various aspects of DL reference signals for positioning, including the detailed designs of DL PRS, the configuration and transmission of DL positioning reference signals. PRS design
2. DL PRS design
2.1. RE Mapping
It was agreed to support Comb values 2/4/6 for DL PRS mapping in the frequency domain. In addition to 2/4/6, inclusion of other values in 1/3/8/12 are FFS. In our view, comb value 12 shall be supported for higher capacity in the frequency domain. The use case for comb value 12 is dense deployment scenario where the UE can hear PRS from large number of cells. Another benefit for comb value 12 is the cell can boost the EPRE for DL PRS transmission and thus the number of cells the UE is able to hear would be increased. Regarding comb values 1/3/8, their use case can be covered by comb value 2/4/6, respectively, which were agreed in RAN1#97. Therefore, we do not need to support them.
Proposal 1: Comb-12 shall be supported in addition to Comb-2/4/6.
2.2. Multiplexing with Other signals
In LTE, DL PRS is not mapped to REs that are allocated to PBCH, PSS and SSS. SS/PBCH blocks are transmitted in NR system. Similarly, NR system shall avoid the collision between DL PRS and SS/PBCH blocks. In contrast to LTE system where PBCH/PSS/SSS have fixed transmission location, transmission of SS/PBCH block in NR system is configurable, which can be configured through SIB1 or UE-specific RRC signaling. Various methods can be considered to avoid the collision between DL PRS and SS/PBCH blocks. One method is the NW can configure the SS/PBCH and PRS so that there is colliding REs between them. Another method is the UE knows the configuration of both SS/PBCH and DL PRS and then the UE can assume there is no DL PRS transmission on the REs where the SS/PBCH and DL PRS collide. To support the second method, the configuration of SS/PBCH shall be aware by known by the UE. That is true for serving cell. But the UE is not aware of the configuration of SS/PBCH in neighbor cells, especially considering the number of neighbor cells used for positioning measurement can be much large.  One solution can be the location server can send the configuration of SS/PBCH blocks along with neighbor cell information in DL-TODA assistance data to the UE. 
 Proposal 2: NW shall configure the SS/PBCH and DL PRS so that they do not have collided REs in each cell.
In an LTE TDD system, DL PRS cannot be mapped in special subframes where there is a transition between DL and UL. NR supports flexible and dynamic slot formats for high flexibility. Regarding the transmission of DL PRS in NR system, if we follow the methods specified for LTE PRS to limit the transmission of PRS in DL-only slots, there would be too much limitation on NR system operation. Therefore, we shall allow transmission of a PRS in any slot if there are enough OFDM symbols for mapping at least one PRS resource in a slot.  Neighbor cells might have different slot format configuration. On one OFDM symbol that the serving cell configures as UL symbol, one neighbor cell might configure DL transmission and thus the neighbor cell can transmit PRS on that OFDM symbol. In that case, the UE shall conduct UL transmission and ignore the transmission of PRS from the neighbor cell.
Proposal 3: DL PRS can be transmitted on any symbol that is configured as DL symbol.
2.3. Antenna Port
There were proposals to support two antenna ports for DL PRS transmission. The arguments for that is the cross-polarization antennas are widely used by the gNB and the UE can coherently combine signals from two antenna ports. However, in our view, the benefit of supporting two antenna ports in DL PRS is not clear and it might even cause negative impact to the performance of positioning based on DL-TDOA. The key for good performance of positioning based on DL-TDOA is the UE is able to receive and measure DL PRS from large number of neighbor cells. Therefore, the critical factor for designing DL PRS is good hearability. Supporting two antenna ports in DL PRS would impair the hearability from the following aspects:
· It would reduce the reuse factor of DL PRS transmission and thus increase the probability of collision of DL PRS transmission of neighbor cells. For example, mapping two antenna ports in frequency domain would halve the re-use factor in the frequency domain.
· Supporting two antenna ports halves the Tx power on DL PRS RE.  One might argue the UE can ‘coherently’ combine the signals of two antenna ports. The essential condition to enable that is the UE shall be able to receive the signals from both antenna ports reliably so that the UE can coherently combine them. But reduced Tx power impairs the quality of received DL PRS of each antenna port and thus impairs the combination too.     
Therefore, we prefer not to support two antenna ports in DL PRS transmission. 
[bookmark: _Hlk16284444]Proposal 4: DL PRS transmission does not support 2 antenna ports. 
2.4. Sequence Initialization
It was agreed that DL PRS sequence is based on Gold sequence and the number of sequence IDs shall be at least 4096.  Regarding the initialization value for pseudo-random sequence generator, we shall consider the following factors:
· Slot index and OFDM symbol index where the DL PRS is transmitted. 
· An ID that can identify a TRP sending the DL PRS.  That ID is not necessarily a cell ID. It can be an ID configured to the PRS resource set associated with one TRP.  It can also be the set ID of the PRS resource set associated with one TRP.  
· CP Type: in NR, sub-6GHz supports 15KHz, 30KHz and 60KHz subcarrier spacing and FR2 supports 120KHz and 240KHz subcarrier spacing. Only the 60KHz supports both normal CP and extended CP, while all other subcarrier spacings only support normal CP.
· Beam ID or DL PRS resource ID: there are proposals to include beam ID or resource ID in sequence initialization. In our view, that is not needed because different DL PRS resources in the same set shall be transmitted on different OFDM symbols or different slots. Slot index and OFDM symbol index are included in the initialization and thus it is not necessary to include beam ID or resource ID. 
The initialization design for NR CSI-RS can be re-used here as the starting point for DL PRS design. One design for DL PRS sequence initialization can be:

where:  is the slot number within a radio frame,  is the OFDM symbol number within a slot,  is the parameter configured to the DL PRS resource set and  is parameter for CP. For subcarrier spacing 60KHz, the value of  can be 0 and 1 for normal CP and extended CP, respectively. For all the subcarrier spacings except 60KHz,   = 0.
[bookmark: _Hlk16284582]Proposal 5: The initialization of DL PRS sequence shall include slot number, OFDM symbol number, the ID associated with a DL PRS resource set and CP value.  
3. Configuration and Transmission of DL PRS
3.1. PRS Resource Set
In RAN1#96b, we agreed to define resource set for the configuration of DL PRS. Each DL PRS resource set is a set of DL PRS resources. Each DL PRS resource has DL PRS resource ID. For DL-TDOA-based positioning, the UE shall measure DL PRS from multiple TRPs with different geometry locations, including serving cell and neighbor cells. One PRS resource set can be used to represent one TRP that transmits PRS. Each PRS resource contained in one PRS resource set can represent one transmit beam from the TRP. In FR1 system where no beam sweeping is not implemented, the resource set can contain only one PRS resource. In FR2 system where beam sweeping is implemented, the resource set can contain multiple PRS resources and transmit beam sweeping is implemented across different PRS resources. Each PRS resource can have multiple repetitions within one transmission periodicity. There are two use cases for the repetition: the first one is same PRS resource is repeated multiple times for better measurement at the UE side. The second one is the UE can apply receive beam sweeping across those repetitions of the same PRS resource. 
To support DL-TDOA positioning, the NW can configure the DL PRS as follows:
· One PRS resource set is configured as reference set. This set is used to represent the serving cell. The UE shall measure and report the DL TDOA of other TRPs relative to this set. The reference set can contain only one PRS resource if Tx beamforming is not implemented. If Tx beam sweeping is implemented in serving cell, the reference set can be configured with multiple PRS resources. The number of the PRS resources can be equal to the number of SS/PBCH blocks implemented in the system.
· One or multiple PRS resource sets are configured as neighbor sets. These sets are used to represent the neighbor cells. Each neighbor set contain the PRS resources transmitted by one neighbor cell. Same to the serving cell, each neighbor set can contain one PRS resource if beam sweeping is not implemented or multiple PRS resources if beam sweeping is implemented in that cell.
· Each PRS resource can be configured with a repetition number.
An example of configuring DL PRS is shown in Figure 1.


Figure 1
[bookmark: _Hlk16284848]Proposal 6: The NW configures the UE with:
· Multiple PRS resource sets for DL-TDOA. One of the sets is configured as reference set and other sets represent the neighbor cells
· Each PRS resource can be repeated N times within one period.  
3.2. Configuration of PRS Resource
For each PRS resource in a PRS resource set, we shall configure the following parameters:
· Subcarrier spacing and cyclic prefix: NR supports flexible numerology. Different BWP in the same band in the same cell can be configured with different numerologies. Thus, the numerology used by the PRS shall be configured explicitly, especially the PRS sent from a neighbor cell.
· Point A for the absolute frequency position of the reference resource block. If the PRS resource is transmitted by the serving cell, this value is the Point A of serving cell, i.e., ARFCN. If the PRS resource is transmitted by a neighbor cell, this value shall be configured to the UE explicitly. If a neighbor cell and the serving cell are in the same band, this value can be provided as an offset with respect to the Point A of the serving cell. If a neighbor cell and the serving cell are in different band this value shall be provided with an absolute frequency position.
· Frequency-domain location and bandwidth: the index of starting PRB and the number of PRBs occupied by the PRS resource.
· Time-domain location within one slot: the index of starting OFDM symbol and the number of OFDM symbols occupied by the PRS resource.
· Transmission periodicity and slot offset:  the periodicity in slots and slot offset for PRS resource. The periodicity for all PRS resources in the same set shall be same. But the slot offset can be same or different and shall be configured per PRS resource. 
· A repetition factor: In LTE, PRS can be transmitted in consecutive 1/2/4/6 DL subframes. NR PRS shall support similar transmission method. Each PRS resource can be transmitted multiple times in a few consecutive slots. One use case for the repeated transmission is the UE can apply Rx beam sweeping over the repeated transmission of one PRS resource, when the QCL-Type D is not configured to that PRS resource. Another use case is the UE can measure the PRS resource multiple times within a short period and thus the accuracy of timing is improved. 
It was agreed to support configuring QCL information for a PRS resource in RAN1 #97. NR supports four types of QCL parameters: QCL-Type A for {Doppler shift, Doppler spread, average delay, delay spread}, QCL-Type B for {Doppler shift, Doppler spread}, QCL-Type C for {Doppler shift, average delay} and QCL-Type D for spatial Rx parameter. It was agreed that a DL PRS can be configured with a QCL Type D source. In our view, configuration of QCL information to a PRS resource has two use cases. One use case is in FR2 system, beam sweeping is implemented at both gNB and UE side. Configuring QCL Type D to one PRS resource can provide Rx beam information for the UE to receive that PRS resource. Another use case is QCL information can provide a priori detection information for semi-persistent and aperiodic PRS transmission, which were agreed to support. For the PRS sent by the serving cell, both SS/PBCH block and CSI-RS can be configured as QCL source for a PRS transmission. However, for the PRS sent by a neighbor cell, we suggest that only SS/PBCH block can be configured as QCL source for the PRS transmission.  In addition to QCL-Type D, QCL-Type C shall be supported for PRS.
Proposal 7: Periodicity of DL PRS is configured per DL PRS resource set and slot offset is configured per DL PRS resource.
[bookmark: _Hlk16284900]Proposal 8: For serving cell, SSB and CSI-RS can be configured as QCL source for DL PRS, while for neighbor cell, only SSB can be configured as QCL source for DL PRS.
3.3. Muting PRS transmission
In LTE, PRS muting in terms of transmission occasion is supported to improve the orthogonality between PRS that collide in frequency domain.  The muting of PRS of one cell is configured through a periodic PRS muting sequence. The mechanism of PRS muting shall be supported in NR too to improve the orthogonality between PRS transmission from different cells. First, the muting for NR PRS shall be configured per PRS resource. The PRS resource set with multiple PRS resources is generally for the NR system in FR2, where beam-sweeping is implemented. Each PRS resource represent one Tx beam.  The PRS transmitted by one Tx beam from cell A cause different interference level to different PRS transmission with different Tx beams from the same cell B.  Thus, the muting PRS shall be configured per PRS so that each PRS transmission only avoid interference to those PRS transmission from other cells that it causes interference to.
Secondly, NR supports flexible numerology and operation bandwidth.  PRS transmission from different cells would use different numerology and different bandwidth. Two PRS transmissions colliding in time domain would have three different overlapping in the frequency domain: full overlapping, partial overlapping and no overlapping. For no overlapping, there is no reason to mute any of those PRS transmission. For full overlapping, one PRS transmission shall be muted to reduce the interference. For partial overlapping, we need only mute the overlapped part in one PRS transmission to reduce the interference. Therefore, muting partial bandwidth of one PRS transmission shall be transmitted. To reduce the UE complexity, we can restrict the muting so that the bandwidth of PRS transmission after muting shall be continuous.  Furthermore, PRS transmission from different cell can use different numerology and PRS transmissions could have different number of repetitions in one transmission occasion. Two colliding PRS transmission could only collide in a subset of the slots where one PRS transmission occasion with multiple repetition.  Thus, muting all the PRS repetition in one occasion would cause resource waste. For higher resource efficiency of PRS transmission, we shall take into account the muting within one PRS transmission periodicity. NR supports flexible numerology. Neighbor cells can use different subcarrier spacing for PRS transmission. Tow colliding PRS resource with same number of OFDM symbols but different subcarrier spacing would only overlap one partial time-domain allocation of one PRS resource. For example, two PRS resources collide: PRS resource #a has 4 symbols and subcarrier spacing 15KHz and PRS resource #b has 4 symbols and subcarrier spacing 30KHz. Then only two symbols in PRS resource #a collide with PRS resource #b. If we mute the transmission of PRS resource #a on all 4 symbols, that would cause 50% resource waste and but no gain for interference improvement. In this case, only the PRS transmission on the first two symbols of PRS resource #a needs muting. Therefore, we propose to support symbol-level muting within one PRS resource.  
[bookmark: _Hlk16285004]Proposal 9: PRS Muting is configured per PRS resource and Muting is configured in PRS period-level, frequency-domain resource allocation-level, slot repetition-level within one period and symbol-level within one PRS resource.
4. Conclusions
In this contribution, we presented our views on various aspects on DL PRS design and configuration. Based on the discussion, the following proposals are provided:
Proposal 1: Comb-12 shall be supported in addition to Comb-2/4/6.
Proposal 2: NW shall configure the SS/PBCH and DL PRS so that they do not have collided REs in each cell.
Proposal 3: DL PRS can be transmitted on any symbol that is configured as DL symbol.
Proposal 4: DL PRS transmission does not support 2 antenna ports. 
Proposal 5: The initialization of DL PRS sequence shall include slot number, OFDM symbol number, the ID associated with a DL PRS resource set and CP value.  
Proposal 6: The NW configures the UE with:
· Multiple PRS resource sets for DL-TDOA. One of the sets is configured as reference set and other sets represent the neighbor cells
· Each PRS resource can be repeated N times within one period.  
Proposal 7: Periodicity of DL PRS is configured per DL PRS resource set and slot offset is configured per DL PRS resource.
Proposal 8: For serving cell, SSB and CSI-RS can be configured as QCL source for DL PRS, while for neighbor cell, only SSB can be configured as QCL source for DL PRS.
Proposal 9: PRS Muting is configured per DL PRS resource and Muting is configured in DL PRS period-level, frequency-domain resource allocation-level, slot repetition-level within one period and symbol-level within one DL PRS resource.
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