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Introduction
 In RAN1 #96 meeting, parameters and measurements needed DL and UL only positioning techniques were discussed. The agreements related to DL and UL PRS were captured in TR 38.855 [2]. In this contribution, we make proposals related to the PRS (positioning reference signals). In Section 2, proposals related to DL PRS are described. In Section 3, a proposal related to UL PRS is explained. The contribution is summarized in Section 4.
DL positioning OTDOA
General procedure
OTDOA is characterized by multiple TRPs transmitting reference signals to UE. At the UE side, RSTD (reference signal time difference measurement) is calculated and based on coordinates of TRPs, location of UE can be determined. In NR, multiple TRPs or panel operation is envisioned, 
The following formula is used to approximate the location of the UE:



where  is the time difference between reference TRP and target,  is the time offset between TRPi and TRP1. Measurement error in arrival time at UE is indicated by . The speed of light is denoted by . The Cartesian coordinate of UE and ith TPR is indicated by  and , respectively. In the following subsections, possible reference signal designs are introduced.

RS designs for OTDOA : PRS patterns
In LTE, positioning reference signals (PRS) are defined and used for positioning. As in LTE, reference signals dedicated for positioning can be used to meet various accuracy requirements. Although CSI-RS or SSB can be used as positioning RS, RS with higher density and configuration optimized for positioning as agreed in AH#1. In this subsection, possible designs for PRS are introduced. 
In the example shown in Figure 1a, NR PRS are placed in a resource block so that multiplexing up to 6 PRS patterns are possible, and the pattern is spread across the time and frequency domain. One of the appealing characteristics in LTE PR is that PRS was dedicated for positioning, spread across time and frequency domain. In NR RS, although DMRS and CSI-RS are both designed for maximum coverage across frequency and time domain, they do not have flexibility compared to PRS. Thus, in this contribution, we propose to investigate performance of PRS to observe if the proposed designs meet the target. One difference between PRS design for LTE and NR is that cell reference signal (CRS) is not defined in NR. Thus, PRS can be placed without consideration for CRS. One of the possible configurations for PRS is shown in Figure 1a, in which similar to PRS in LTE, up to six patterns can be multiplexed. Thus, PRS transmitted from gNB in non-serving cells can be multiplexed in the frequency domain orthogonally. In addition, since there are no CRS in NR, PRS can be placed evenly in a resource blocks.
[image: ]
[bookmark: _Ref1066349]Figure 1 Placement of PRS, various densities
Configurable PRS frequency and time allocation was agreed. However, granularity of time allocation should be discussed, i.e., whether slot or mini-slot level granularity is adopted. 

[bookmark: Prop1]Proposal 1: At least slot-level time allocation is supported for PRS

 As in LTE, PRS should be placed so that PRRs do not overlap with PDCCH. The PRS layouts shown in Figure 1a and 1b avoid the first 3 symbols in a slot to avoid PDCCH. In addition, to avoid interference with PDSCH, at least for FR1, there should be slots dedicated for PRS, i.e., UE is not expected to receive PDSCH in REs where PRS are not scheduled. Depending on the slot structure, placement of PRS should be truncated. For example, the PRS symbols are dropped from the pattern if some symbols are reserved for uplink.
 Regarding CP length, both normal CP and extended CP should be used for positioning. Extended CP may be useful when large delay spread is expected in the channels. Furthermore, it is preferable that PRSs sent from gNB in both serving and non-serving cells have the same CP length for synchronization and ease of computation at UE. 

[bookmark: Prop2]Proposal 2: Adopt both normal CP and extended CP for PRS
[bookmark: Prop3]Proposal 3: For RSTD calculation, use the same CP length, i.e., either NCP or ECP

Needs for configurable CP length discussed in AH#1. For gNB located in neighbouring cells, ECP may be necessary to be resilient against long delay. If ECP is used for PRS from neighbouring cells, the CP length for PRS in the serving cell must be adjusted accordingly, since the same CP length should be used for ease of computation at UE. Thus, configurability of CP for PRS is needed. 

[bookmark: Prop4]Proposal 4: Support configurable CP length for PRS

In addition, considering higher requirement for positioning accuracy, density of PRS can be changed. In NR, wideband positioning is possible, and density of PRS can be adjusted to allow multiplexing. In addition, since at least dedicated PRS resources are agreed in AH#1, PRS and PDCCH are not allowed to be multiplexed. Thus, configurations shown in Figure 1a and 1b allow at most three symbols for PDCCH One of the configurations for higher and lower density of PRS, compared to the density in Figure 1a, is shown in Figure 1b and Figure 1c, respectively. Finally, beam based operation in FR2, PRS may be suitable for FR1 considering wider beamwidth implemented in FR1.

[bookmark: Prop5]Proposal 5: Variable densities for PRS for OTDOA should be supported

Variable densities are supported through different comb values. From PRS multiplexing point of view, at least comb-6 and comb-3 configuration for PRS should be supported as illustrated in Figure 1a and 1b.

[bookmark: Prop6]Proposal 6: Adopt comb-X based PRS designs where X is an integer
[bookmark: Prop7]Proposal 7: Adopt at least comb-3 and comb-6 PRS patterns

 To increase flexibility and multiplexing capability in PRS, we propose RB-level comb. An example of configuration is shown in Figure 2. In the example, PRS with comb-6 configuration is inserted in every other RB while RBs which do not carry PRS are left as an empty RB. The RB level combing increases flexibility in PRS assignment. 
The RB-level combing can be defined as one of the configuration of an RS resource since PRS spans over multiple RBs with the predefined RB density. The RB level density can be defined as one of the parameters. For example, the configuration shown in Figure 2 is an example where RB density is 1/2.

	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 left to future specification work.
-	In any OFDM symbol, PRS resource occupies consecutive PRBs
-	Whether multiple symbols can be non-consecutive is left to future specification work.
-	Whether to support PRS Resource Set is left to future specification work. 



Thus, we make the following proposal.

[bookmark: Prop8_0]Proposal 8: Support RB-level combing

Furthermore, whether PRS designs for non-slot are needed should be considered. In low-latency applications, burst PRS may be required to locate UEs. The aforementioned PRS designs for various sizes of non-slots should be considered. One of the possible placement of PRS in a non-slot is shown in Figure 1d.

[bookmark: Prop8]Proposal 9: PRS designs for nonslots should be supported

Generation of PRS sequences and characteristics of PRS sequence
 In AH#1, it was agreed to generate sequence using PRS sequence ID. In this section, we make proposals regarding PRS sequence generation. Generation of the initial seed for LTE PRS is shown below:




PRS sequences should be generated with the unique ID, following the sequence designs for NR-DMRS, NR CSI-RS or NR-SRS. The ID should be configurable semi-statistically. Using configurable IDs, it should be possible to provide PRS to large number of devices in a scenario like IIoT. Specific parameters that may depend on the number of sequences in the generator can be discussed during the work item phase. Similar to LTE, we support to use QPSK based pseudo number generation technique for PRS generation. Using the pseudo number generation techniques, large number of PRS sequences can be generated. 

[bookmark: Prop9]Proposal 10: PRS sequence ID should be UE specific. Cell ID is used, if unique ID is not configured for PRS sequence ID.

[bookmark: Prop10]Proposal 11: Pseudo-number based PRS generation driven by PRS sequence ID is supported

Moreover, since PRS will occupy multiple symbols, the initialization seed should depend both on symbol and slot index.

[bookmark: Prop11]Proposal 12: C_init should depend on the slot and symbol index
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[bookmark: _Ref4766679]Figure 2 RB-level comb for PRS



Similar to NR CSI-RS or NR DMRS, resource specific PRS should be supported. The advantage of resource specific RS is that there’s less overhead to generate RS. In addition, it is easier for UE to hear RSs transmitted from neighbouring cells, since UE only needs to know cell ID (or other unique IDs) used to generate sequences from neighbouring cells.

[bookmark: Prop12]Proposal 13: Support resource specific PRS

 Finally, configuration of PRS should be panel/TRP specific, following RS designs in NR. Such flexibility will allow configuration of unique PRS to different panels or TRPs. 

Time domain behaviors of PRS
One of the issues for standardizing PRS is high overhead since PRS requires dedicated slots for transmission. Different time behaviours for PRS should be defined. At least periodic and semi-persistent PRS should be defined. Semi-persistent PRS is resource-friendly solution for positioning. In LTE, periodic PRS was defined, and periodicity and subframe offset values were specified. In NR, to allow efficient and low-latency positioning process, semi-persistent PRS, which can be terminated after predefined measurement time has elapsed, can be defined. In case, sufficient accuracy is achieved in a short interval, semi-persistent PRS can be terminated. In addition, termination of positioning by DCI signalling should also be defined. In addition, different time behaviours for positioning report can also be considered. For FA applications, periodic reporting of position of equipment is useful for location-sensitive operation in the factory. In addition, semi-persistent reporting of location is useful for reducing overhead required for position reporting. Moreover, using semi-persistent PRS, interference from other signals can be minimized as positioning process is expected to be complete within a predefined period.
It should also be noted that in LTE, muting was standardized to pause PRS transmission for a specific interval to reduce interference caused by PRS. Implementing the time domain behavior for PRS should be able to control transmission intervals of PRS.
 Need for aperiodic PRS should also be discussed. In FA applications, there could be a need to perform burst positioning to find approximate location of the equipment. In such a case, a burst of slots containing PRS can be sent for UE to perform quick measurement. As described above, density of PRS can be configured and a burst of high density PRS can be sufficient to locate equipment. A trigger from UE to initiate positioning process can be discussed.

[bookmark: Obs1]Observation 1: Different time domain behaviors (i.e., periodic, semi-persistent or aperiodic transmission) for PRS are useful for resource efficient positioning

[bookmark: Prop13]Proposal 14: Support on-demand resource allocation for PRS
[bookmark: Prop14]Proposal 15: Support aperiodic and semi-persistent PRS

UE can directly request gNB for PRS transmission. 

Using multiple BWPs
 The measurement gap before switching to different BWPs can be used for positioning. When wideband positioning is implemented, multiple BWPs can be used. In this case, PRS can be allocated for each BWP, allowing positioning for each BWP. In such a case, measurement gap during which no transmission, but SSB, can be allowed may be suitable region for transmission of PRS. As explained in the previous section, PRS should be transmitted when no other signals or channels are transmitted to minimize interference experienced by PRS.

Configuration of PRS
 During the SI phase, there were discussions on whether PRS should be part of CSI-RS, similar to TRS which is a part of configuration for CSI-RS. As CSI-RS is optimized and tightly integrated in the Rel. 15 MIMO framework, our recommendation is to establish dedicated RS for positioning, similar to DMRS which is dedicated RS for demodulation. Thus we make the following proposal

[bookmark: Prop16]Proposal 16: Support a new PRS which cannot be configured as a part of CSI-RS

RS design for UL positioning
 One of the discussions is to design PRS as an extension of SRS. As Rel. 15 SRS can be designed flexibility in terms of the number of symbols and location, our recommendation is to create a new set usage, namely positioning, for SRS since SRS for positioning would need dedicated setting for periodicity, number of symbols and repetition configuration. It should be noted that the current set usages for SRS are “codebook”, “noncodebook”, “antennaSwitching” and “beamManagement” [3].

[bookmark: Prop17]Proposal 17: Support a new set usage for SRS, “positioning”

Conclusion 
In this contribution we make the following proposals and observations:

Observation 1: Different time domain behaviors (i.e., periodic, semi-persistent or aperiodic transmission) for PRS are useful for resource efficient positioning

Proposal 1: At least slot-level time allocation is supported for PRS

Proposal 2: Adopt both normal CP and extended CP for PRS

Proposal 3: For RSTD calculation, use the same CP length, i.e., either NCP or ECP

Proposal 4: Support configurable CP length for PRS

Proposal 5: Variable densities for PRS for OTDOA should be supported

Proposal 6: Adopt comb-X based PRS designs where X is an integer

Proposal 7: Adopt at least comb-3 and comb-6 PRS patterns

Proposal 8: Support RB-level combing

Proposal 9: PRS designs for nonslots should be supported

Proposal 10: PRS sequence ID should be UE specific. Cell ID is used, if unique ID is not configured for PRS sequence ID.

Proposal 11: Pseudo-number based PRS generation driven by PRS sequence ID is supported

Proposal 12: C_init should depend on the slot and symbol index

Proposal 13: Support resource specific PRS

Proposal 14: Support on-demand resource allocation for PRS

Proposal 15: Support aperiodic and semi-persistent PRS

Proposal 16: Support a new PRS which cannot be configured as a part of CSI-RS

Proposal 17: Support a new set usage for SRS, “positioning”
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