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Introduction
In this contribution, we provide summary of the main technical aspects discussed in contributions submitted to the NR Positioning AI – “7.2.10.1.1 DL only positioning techniques” and provide tentative proposals for further discussion in RAN1 WG aiming to facilitate discussion during the meeting week.
Based on review of the submitted contributions [1]-[15], the following list of open aspects was identified:
NR DL positioning techniques
NR DL positioning reference signal
Additional UE measurements and reporting
Other remaining aspects
Based on analysis of discussed topics, we observe that many of the proposals discuss specific technical details that can be addressed in WI stage, while some of the proposals relate to open design aspects that are desirable to resolve during the study item phase to properly scope WI. Therefore in this contribution we try to mark proposals into three categories:
1) Category 1: Proposals that may affect scope of WI phase and thus desirable to discuss/conclude during the SI phase
2) Category 2: Proposals with common views expressed by companies or those that may be relatively easy concluded and thus are recommended to be discussed / resolved during the meeting
3) Category 3: Proposals that require additional work / technical debate and can be resolved during WI phase
In the next sections, we provide additional details and initial proposals to trigger further discussion and decision in RAN1 WG.
Overview of Contributions and Potential Proposals
DL Positioning Techniques
[bookmark: _GoBack]The phase tone difference of arrival and carrier phase based techniques for NR DL positioning were proposed in [7] and [6] respectively. For carrier phase based techniques for NR DL positioning, the discussion and analysis of feasibility was provided in [6] without system level evaluation data presented. It is proposed to continue discussion and feasibility analysis of these techniques in future releases.

DL PRS Design Details
Aspect #1 - DL Reference Signals used for NR Positioning
The following views, were expressed in submitted contributions:
DL positioning reference signals (at least for DL-TDOA/RSTD measurements) are introduced [1][10][6]
The TRS shall be supported for positioning purposes in NR [15]
· Existing NR Rel. 15 signals, extensions of existing NR Rel. 15 signals and new positioning reference signals may be considered in the work item phase as long as they can be shown to fulfill positioning requirements that the TRS can’t fulfill in one or more important scenarios/use cases ([15])
Three candidate reference signals were identified for NR DL positioning evaluation: NR CSI-RS (including TRS configuration), NR SSBs, new NR DL PRS. It is mentioned that current agreement is ambiguous ([3])
Support the NR PRS design based on the existing framework of the NR CSI-RS with possible modification and enhancement on the sequence generation, resource mapping, resource grouping, and the resource configuration, such as transmission period and offset, and allowing the configuration the orthogonal CSI-RS resources transmitted from the neighbouring cells from the purpose of PRS muting and interference avoidance. ([6])
C-PRS should be introduced for phase-based DL positioning. Add two or more C-PRS on the edge of the BW as a pure sinusoid signal ([6])
Allow reuse of CSI-RS as PRS, including new staggering patterns for such CSI-RS, and allow using transmitted SSBs as a PRS ([14])
Adopt NR CSI-RS framework to define DL PRS patterns. Multiple DL PRS patterns should be supported for different cases. ([2])
The RS for positioning in NR can further consider the equivalent comb-2 or equivalent comb-3 structure. A resource for positioning spans N consecutive symbols, which is the duration of a RS block. So N > 1. Two antenna ports, each for one polarization can be configured to the UE for LOS detection ([4]).
PRS design and configuration options shall consider the deployment of cell-independent PRS-only transmission points. Consider a PRS muting scheme on at least a part of the PRS bandwidth as means to reduce the average interference on PRS resources. NR shall support at least received PRS signal strength as RSTD measurement quality metric. FFS other quality metrics. Use SS as the reference signal to support DL-AoD as the starting point. ([5])
NR should consider the simultaneous transmission of the common PRS sequence from multiple gNBs/TPs e.g. common PRS sequence from multiple gNBs/TPs with different intentional time-domain delays. ([7])

Proposal for discussion - Category 1
DL PRS signals are to be defined and used at least for DL-TDOA, DL-AoD, RTT positioning techniques
· Note: RAN1 to continue discussion and analysis on details of physical structure for DL PRS signals in work item phase. The modified CSI-RS configuration dedicated for positioning may be considered for NR DL Positioning design.

Aspect #2 - DL PRS Sequence Design
The following views were expressed in submitted contributions on NR DL PRS sequence design:
PRS sequence is based on a Gold sequence ([1])
Sequence and sequence initialization for potential NR positioning reference signal should be evaluated in terms of correlation properties before being specified ([14])
Gold sequences of order 31 can be considered for the generation of the NR DL PRS sequences (does guarantee the good auto-correlation and cross-correlation of the pseudo-random sequence from the Gold sequences). Other sequences with better auto- and cross-correlation, e.g., the Gold sequences with the order smaller than 31 or the Kasami sequences, etc., may also be considered.  For the randomization of the interference across PRS signals, the initialization of the pseudo-random sequence generator for the DL PRS sequences should depend on the OFDM symbol index in a slot, the slot number within a radio frame as well the PRS sequence ID as follows ([6])
Adopt pseudo-random QPSK sequence as NR DL PRS sequence ([2])
PRS sequence ID should be UE specific. Cell ID is used, if unique ID is not configured for PRS sequence ID. Pseudo-number based PRS generation driven by PRS sequence ID is supported ([13])

Observations
DL PRS sequence design and initialization can be addressed in WI phase. It is worthwhile to continue analysis of cross-correlation properties of NR DL PRS sequences.

Category 3
DL PRS sequence design and initialization can be discussed and decided in WI phase.

Aspect #3 - DL PRS Beam Sweeping (Beam Alignment/Correspondence)
The following views were expressed in submitted contributions with respect to DL beam sweeping support:
PRS consists of beam-sweeping PRS resources, transmitted by cell/TP ([1], [7], [8] and [10])
· Identification of DL PRS beam via DL PRS resource indexing
· The RS for positioning in NR can further consider the equivalent comb-2 or equivalent comb-3 structure [4](MTK) A resource for positioning spans N consecutive symbols, which is the duration of a RS block. So N > 1 ([4])
A PRS resource set consists of beam-sweeping PRS resources transmitted by a TP/cell ([1])
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. When measuring RSTD from different RS beam, UE should consider removing the time difference between different receiving beams ([2])

Observations
DL PRS beam related aspects can be further analyzed and resolved during WI phase

Category 3
DL PRS beamforming related aspects are discussed in WI phase

Aspect #4 – Number of Antenna Ports for DL PRS
The following views were expressed in submitted contributions with respect to the number of antenna ports for DL PRS transmission:
Up to two ports for DL PRS ([1], [4] and [10])
Single antenna port ([9] and [15])

Observation:
Number of antenna ports for DL PRS transmission can be concluded in WI phase. It is worthwhile to capture identified alternatives in the 3GPP TR 38.855.

Proposal for discussion - Category 2
Number of antenna ports for DL PRS design is discussed and decided in WI phase
The following alternatives are captured in the 3GPP TR 38.855 in terms of the number of antenna ports further considered for DL PRS design and down-selection during WI phase:
· 	Alt.1 NR DL PRS design supports only single antenna port.
· 	Alt.2 NR DL PRS design supports up to two antenna ports. Number of antenna ports is configurable.

Aspect #5 – DL PRS Bandwidth Configuration
The following views were expressed in submitted contributions with respect to bandwidth configuration for DL PRS and relationship with DL BWPs:
PRS resources are configured in a per-cell basis. BWP-specific PRS is not supported. PRS configuration for a cell can include multiple PRS resources with different numerologies. If a measurement gap is not configured, the UE is only expected to receive the PRS with the same numerology as the active DL BWP within the active DL BWP bandwidth ([1]).
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 (vivo) NR should support the DL PRS transmission in the whole carrier bandwidths which are defined in TS 38.104, namely {5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100} MHz for FR1, and {50, 100, 200, 400} MHz for FR2; NR should at least support the DL PRS transmission bandwidth configurations, which correspond to the maximum number PRBs of the carrier bandwidths supported by NR as defined in TS 38.104 ([6])
For configurable DL PRS signal bandwidth, the following should be considered ([9])
· UE specific configuration;
· RBG based granularity;
· DL PRS signal is configured to the active BWP or the BWP containing SSB.
PRS configuration should support bandwidth allocation with the same bandwidth granularity  as CSI-RS and allow up to the full BWP bandwidth ([15])

Observation:
Details of DL PRS bandwidth configurations can be concluded in WI phase. It is worthwhile to capture identified alternatives in the 3GPP TR 38.855.

Proposal for discussion - Category 2
The following identified alternatives for NR DL PRS configuration with respect to UE DL BWPs are captured in the 3GPP TR38.855 for further down-selection during WI phase:
· Alt.1: NR DL PRS resources are configured in cell-specific manner independently of UE-specific NR DL BWPs configuration used for communication
· By configuration, NR DL PRS may or may not overlap with UE DL BWPs
· Alt.2: Dedicated DL BWP is configured for NR DL PRS transmission. NR DL PRS signals are always confined within this BWP
· Alt.3: NR DL PRS configuration is aligned with one of the configured to UE DL BWPs
· Alt.4: UE processes DL PRS signals within active DL BWP or the BWP containing SSB.

Proposal for discussion - Category 2
The following identified options for NR DL PRS bandwidth configuration are captured in the 3GPP TR38.855 for further down-selection in WI phase:
· PRB level granularity is used for NR DL PRS bandwidth configuration
· System bandwidth level granularity is used for NR DL PRS bandwidth configuration
· CSI-RS level granularity is used for NR DL PRS bandwidth configuration (i.e. 4 PRBs)

Aspect #6 – DL PRS Cyclic Prefix
The following views were expressed for NR DL PRS CP type in submitted contributions
Support configuration of extended CP for NR PRS ([2])
Extended CP can be considered for 15 and 30 kHz for DL PRS signal ([9])
CP length is configurable at least for 60kHz SCS ([10])
Adopt both normal CP and extended CP for PRS, Support configurable CP length for PRS ([13])

Observation:
Configuration of extended CP type for different SCS options can be concluded in WI phase.

Proposal for discussion - Category 2
Continue discussion on DL PRS cyclic prefix aspects in work item phase
The following identified alternatives for NR DL PRS CP type configuration are captured in the 3GPP TR 38.855:
· Alt.1. CP type follows the set of legacy numerologies supported by NR in R15. No additional CP type / SCS configuration option is introduced for NR DL PRS.
· Alt.2. CP type (Normal or Extended) is configurable for NR DL PRS at least for some of SCS options

Aspect #7 – DL PRS Resource Allocation for DL PRS
The following views were expressed in submitted contributions with respect to DL PRS resource allocation in time:
Periodic, aperiodic and semi persistent DL PRS transmission ([4], [6], [7], [8], [10] and [13])
The signaling and procedures for on-demand DL PRS resource allocation should be specified by RAN2 ([14])

Observation:
It is worthwhile to clarify whether on-demand PRS resource allocation supports semi-persistent or aperiodic or both options for DL PRS transmission.

Proposal for discussion - Category 2
On-demand DL PRS resource allocation supports both aperiodic and semi-persistent DL PRS transmission


Aspect #8 – DL PRS Pattern in Frequency/Time
The following views were expressed in terms of DL PRS pattern configuration in frequency/time:
Support comb-N structure for NR DL PRS ([4], [12], [13] and [14])
Configurable density of PRS REs within a PRS RB ([6], [9] and [13])
PRS should use a uniform comb density in the frequency domain such that all subcarriers of the available bandwidth are occupied ([14])
Multiple DL PRS patterns should be supported for different cases ([2])

Observation:
The DL PRS pattern is a specific technical detail of DL PRS design and can be concluded in WI phase. 

Category 3
Discussion on DL PRS pattern design can be concluded in WI phase

Aspect #9 – DL PRS & UE Complexity Reduction
Complexity reduction aspect for UE positioning measurements procedure was discussed in [7], [15]. Additionally, received signal waveform reporting mechanism was also considered as a UE complexity reduction technique in [10]:
NR should consider the simultaneous transmission of the common PRS sequence from multiple gNBs/TPs for the OTDOA positioning technique especially for the computational complexity perspective
The use of “SFN-PRS” based on deliberate delays or cyclic shifts should be evaluated at least for indoor scenarios and industrial scenarios and should be considered as a potential new NR PRS
Received signal waveform reporting was mentioned as a way to reduce UE complexity

Observation:
The transmission of common DL PRS sequence may be in general possible by DL PRS configuration. Benefits of such configuration needs further analysis.

Category 3
Continue study and discussion on DL PRS waveforms for UE complexity reduction in WI phase.

Aspect #10 – Other DL PRS Design and Signalling Details
Other aspects of NR DL PRS design
Support of QCL indicator for PRS with SSB and CSI-RS ([1])
PRS subframe configuration should support coexistence with SSB and CORESETs ([15])
Reuse measurement gap when the PRS bandwidth is larger than the bandwidth of UE’s active BWP ([2]) 
Introduce RToA as a new measurement metric for beam management ([12])
Further study the feasibility of LOS detection ([4])
Beam information of the DL/UL reference signals is included in the message exchanged between UE, gNBs, and LMF for supporting DL positioning. ([6])
To support AoD based DL-only positioning technique with at least beam sweeping, need to study signalling mechanism on beam information between gNB, LMF, and UE. For example, the gNB sends the AoD information of RS resource(s) to LMF, and the UE reports RS resource index corresponding to the maximum RSRP to LMF ([7])

Category 3
Discussion on identified above aspects technical aspect may continue in a work item phase

UE Measurements for DL Positioning
Aspect #11 – RSTD Quality Measurements
Quality metric for RSTD measurement was discussed in several contributions where it was proposed to support it.
NR supports RSRP for serving cell and RSTD quality metric for neighbor cells. ([1])
NR shall support at least received PRS signal strength as RSTD measurement quality metric. FFS other quality metrics ([5]).
Quality information for the RSTD measurements as defined in LTE should be reused in NR ([14])

Proposal for discussion - Category 2
NR positioning supports RSTD quality metric
· 	Note: Details for RSTD quality metric and other potential measurements are discussed in WI phase

Aspect #12 – Inter-RAT RSTD Measurements
Support of inter-RAT RSTD measurements was proposed in [1], i.e. RSTD b/w LTE and NR measurements:
Support inter-RAT RSTD measurements (NR – LTE)

Proposal for discussion - Category 1
RAN1 to discuss and conclude on support of inter-RAT RSTD measurements

Open Aspects for NR DL Positioning
Aspect #13 – UE based Positioning
NR supports UE based positioning. For UE positioning based on DL only solutions, additional signaling on NW/gNB synchronization accuracy/offset should be defined ([10])
Support RAT-dependent UE-Based positioning for NR in Rel-16. Support signaling which enables the UE to perform positioning estimation without feeding back RSTD measurements to the network (UE-Based OTDOA).
To support UE-based positioning using AoD information, transmit-beam information of the DL PRS should be provided to the UE. ([14])

Proposal for discussion Category 1
NR supports UE-based positioning in R16
Capture in the 3GPP TR 38.855 that support of UE-based positioning is beneficial from RAN1 perspective. The UE-based positioning can provide maximum positioning capacity with minimum consumption of UL spectrum resources and large coverage.

Aspect #14 – Received Signal Waveform Reporting
The received signal waveform reporting was proposed in [10] as a fundamental approach to improve accuracy of NW based positioning solutions that can utilize network computing power to enable advanced computationally intensive algorithms for estimation of signal location parameters and UE positioning and expand them beyond positioning techniques considered by 3GPP:
NR Positioning supports reporting of the received signal waveform(s) for accurate estimation of signal location parameters at NW side [10]

Proposal for discussion Category 1
NR supports reporting of the received signal waveform(s) by UEs / gNBs for measurements of signal location parameters to be used for UE positioning.
Capture in the 3GPP TR 38.855 that support of the received signal waveform(s) was identified as a mechanism to conduct measurements of signal location parameters at the location server by utilizing network computing power capabilities to achieve accurate estimation of signal location parameters and precise UE positioning.

Aspect #15 – Positioning in RRC_IDLE and RRC_INACTIVE States
The following views were expressed with respect to support of DL positioning for UEs in RRC_IDLE and RRC_INACTIVE states:
NR positioning should support RRC idle and RRC inactive mode positioning without requiring the UE to always move to RRC connected mode. UEs in idle or inactive mode should support measurement of RSTD on the DL RS used for NR OTDOA based on a saved configuration of the DL RS. ([5])
EDT and other idle or inactive mode data transmission schemes if supported in NR can be considered as candidates to allow idle and inactive mode UEs to make positioning measurement reports. ([5])
Consider positioning in RRC_IDLE and RRC_INACTIVE states in a later release. ([1])
UE measurement for DL PRS in idle and inactive mode should be supported ([2])
NR should support the subcarrier spacings of 15kHz, 30kHz and 60kHz for FR1 and the subcarrier spacing of 60kHz and 120kHz for FR2. If it is decided to support DL positioning for IDLE mode UE, NR should also support the subcarrier spacings of 240kHz for FR2 ([6])
UE based positioning is supported for RRC-IDLE/INACTIVE/CONNECTED UEs

Proposal for discussion - Category 1
NR supports DL-based positioning measurements for UEs in RRC_IDLE and RRC_INACTIVE states
· FFS details

Aspect #16 – Multi-path Measurements
The support of multi-path measurements was proposed in [1]
Additional path information relative to the path timing used to determine the RSTD
Additional RS information relative to the timing used to determine the RSTD

Proposal for discussion - Category 1
RAN1 to discuss and conclude on support of multi-path timing measurements by UE for NR DL-TDOA positioning.

Aspect #17 – Support of TBS and PRS-only TP in NR
The following views were expressed in contributions with respect to support of terrestrial broadcast systems (TBS) for NR positioning:
Consider support of TBS or dedicated carriers for NR DL positioning by introducing NR PRS signals for estimation of signal location parameters by UE ([10])
PRS design and configuration options shall consider the deployment of cell-independent PRS-only transmission points ([5]).
NR should consider Co-band TBS as a solution for 5G NR positioning ([11])

Proposal for discussion - Category 1
NR supports DL PRS design and configuration options for TBS deployments and cell-independent PRS-only transmission points

Aspect #18 – Mapping of DL Reference Signals to UE Measurements
Up to date RAN1 has not concluded on association of reference signals and measurements used for NR positioning. The mapping between DL reference signals and UE measurements is proposed in Table below.
	NR positioning
	Positioning Techniques
	DL Reference Signals
	UE Measurements

	DL only
	DL-TDOA
	DL PRS
	RSTD, RSRP

	
	DL-AoD
	DL PRS
	RSRP

	
	DL-AoD
	DL SSB
	RSRP



Proposal for discussion- Category 1
The following mapping b/w DL reference signals and UE measurements for NR DL only positioning is supported
· Note: It does not preclude the use of additional legacy reference signals to assist UE measurements if proper association between reference signals is indicated to UE (e.g. QCL indication with other RSs)

	NR positioning
	Positioning Techniques
	DL Reference Signals
	UE Measurements

	DL only
	DL-TDOA
	DL PRS
	RSTD, RSRP

	
	DL-AoD
	DL PRS
	RSRP

	
	DL-AoD
	DL SSB
	RSRP


Summary
In this contribution, we have provided overview of contributions on NR DL positioning aiming to select main aspects for discussion. Based on analysis of submitted contributions we have made potential proposals to be used as a starting point to facilitate and trigger further RAN1 discussion during meeting week.
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Appendix
Huawei
Proposal 1: A new DL-RS dedicated for positioning is introduced at least for TDOA.
Proposal 2: A PRS resource set consists of beam-sweeping PRS resources transmitted by a TP/cell.
Proposal 3: PRS sequence is based on a Gold sequence, where the sequence initializer is based on:
The PRS symbol index within a radio frame of the cell 
A configuration sequence ID associated with a PRS resource
Proposal 4: Support QCL indication for PRS. Candidate RS can are SSB and CSI-RS.
Proposal 5: PRS resources are configured in a per-cell basis.
BWP-specific PRS is not supported
Proposal 6: PRS configuration for a cell can include multiple PRS resources with different numerologies
If a measurement gap is not configured, the UE is only expected to receive the PRS with the same numerology as the active DL BWP within the active DL BWP bandwidth.
Proposal 7: support two-port PRS.
Proposal 8: NR should support inter-RAT RSTD measurement.
Proposal 9: RSTD measurement is defined as follows:
	Definition
	The relative timing difference between the neighbour cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where TSubframeRxj is the time when the UE receives the start of one subframe from cell j, TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j.
For NR frequency range 1 or E-UTRA, the reference point for the RSTD shall be the antenna connector of the UE. For NR frequency range 2, RSTD shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
RRC_CONNECTED inter-RAT


Proposal 10: For OTDOA reporting, support the following reporting quantities:
RSTD reference cell
· PRS ID
· Reference signal quality
· Additional path information relative to the path timing used to determine the RSTD
· Additional RS information relative to the timing used to determine the RSTD
RSTD neighbour cell
· PRS ID
· RSTD
· RSTD quality
· Additional path information relative to the path timing used to determine the RSTD
· Additional RS information relative to the timing used to determine the RSTD
Proposal 11: At least RSRP reports are reused to support DAOD. 
Proposal 12: No DAOD-specific RS to be defined: CSI-RS, SS/PBCH, and the DL RS designed for OTDOA can all be used for DAOD.
Proposal 13: Consider positioning in RRC_IDLE and RRC_INACTIVE states in a later release. 

vivo
	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.

ZTE
Proposal 1: The following candidate reference signals were identified for NR DL positioning evaluation
NR CSI-RS (including TRS configuration)
NR Synchronization Signals (SSBs)
New DL positioning reference signals (DL PRS)
Proposal 2: Support PRS-only TP in release 16.

MediaTek
Observation 1: For the small area deployment such as UMi and indoor office scenario, it is not expected to have large RSTD uncertainty
Observation 2: Under NLOS, the SNR levels observed from the 4 transmission-receiving pairs (two polarizations in each side) are more deviated from each other as compared to the LOS case. This property maybe useful for LOS detection
Proposal 1: The RS for positioning in NR can further consider the equivalent comb-2 or equivalent comb-3 structure
Proposal 2: A resource for positioning spans N consecutive symbols, which is the duration of a RS block. So N > 1
Proposal 3: Two antenna ports, each for one polarization can be configured to the UE for LOS detection
Proposal 4: A resource for positioning is single antenna port configuration
Proposal 5: Further study the feasibility of LOS detection

Nokia
Proposal 1: PRS design and configuration options shall consider the deployment of cell-independent PRS-only transmission points.
Proposal 2: Consider a PRS muting scheme on at least a part of the PRS bandwidth as means to reduce the average interference on PRS resources.
Proposal 3: NR shall support at least received PRS signal strength as RSTD measurement quality metric. FFS other quality metrics.
Proposal 4: Use SS as the reference signal to support DL-AoD as the starting point.
Proposal 5: SS-RSRP measurement and report are used to support DL-AoD as the starting point. FFS potential enhancement (including report criteria; report accuracy, etc.).
Observation 1: Whether to support DL AoA estimation should take UE’s complexity and power consumption into account.
Observation 2: NLOS conditions may be more difficult for angle based positioning solutions to overcome compared with timing based positioning solutions. 
Proposal 6: Angle based positioning techniques (e.g., DL-AoD) should be evaluated and compared in both NLOS heavy (e.g. dense urban) and LOS heavy (e.g. suburban, rural) deployment scenarios in order to fully understand their capabilities.
Observation 3: UE traditionally needs to be in RRC connected mode to make positioning measurements and/or send positioning related signalling. 
Observation 4: Requiring a UE in RRC idle or RRC inactive mode positioning to enter RRC connected state prior to positioning may cause additional latency, increased overhead, and/or high power consumption. 
Proposal 7: NR positioning should support RRC idle and RRC inactive mode positioning without requiring the UE to always move to RRC connected mode. 
Observation 5: DL RS used for NR OTDOA are likely to have the same configuration for relatively long time frames and UEs may be able to take advantage of this fact.
Proposal 8: UEs in idle or inactive mode should support measurement of RSTD on the DL RS used for NR OTDOA based on a saved configuration of the DL RS. 
Proposal 9: EDT and other idle or inactive mode data transmission schemes if supported in NR can be considered as candidates to allow idle and inactive mode UEs to make positioning measurement reports. 

CATT
Proposal 1: The configuration and the transmission of the DL PRS of a cell should be cell-specific. However, it should not prevent the network from providing different information about the configuration of DL PRS transmission to different UEs.
Proposal 2: NR should support the subcarrier spacings of 15kHz, 30kHz and 60kHz for FR1 and the subcarrier spacing of 60kHz and 120kHz for FR2. If it is decided to support DL positioning for IDLE mode UE, NR should also support the subcarrier spacings of 240kHz for FR2.
Proposal 3: NR should support the DL PRS transmission in the whole carrier bandwidths which are defined in TS 38.104, namely {5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100} MHz for FR1, and {50, 100, 200, 400} MHz for FR2;
Proposal 4: NR should at least support the DL PRS transmission bandwidth configurations, which correspond to the maximum number PRBs of the carrier bandwidths supported by NR as defined in TS 38.104. The proposed DL PRS transmission bandwidth configurations are shown in Table 1 for FR1 and Table 2 for FR2.
Proposal 5: NR DL PRS should support the transmission periodicities of P={5, 10, 20, 40, 80, 160, 320, 640, 1280} slots for PRS occasions (or PRS resource sets). NR DL PRS may also consider the support the transmission periodicities of P={4, 8, 16, 32, 64} slots.   The DL PRS transmission offset can be configured in the range of {0, .., P-1} slots.
Proposal 6: The beam information of the DL/UL reference signals should be included in the messges exchanged between UE, gNBs, and LMF for supporting DL positioning. Adopt the text proposal in Appendix A for TR 38.855.
Proposal 7: Gold sequences of order 31 can be considered for the generation of the NR DL PRS sequences in the evaluation of the NR DL positioning performance.
Proposal 8: The use of the truncated pseudo-random sequence generated from the Gold sequences of order 31 the Gold sequences does guarantee the good auto-correlation and cross-correlation of the pseudo-random sequence from the Gold sequences. Other sequences with better auto- and cross-correlation, e.g., the Gold sequences with the order smaller than 31 or the Kasami sequences, etc., may also be considered for the generation of the NR DL PRS sequences to overcome the drawback of the Gold sequences of order 31.
Proposal 9: For the randomization of the interference across PRS signals, the initialization of the pseudo-random sequence generator for the DL PRS sequences should depend on the OFDM symbol index in a slot, the slot number within a radio frame as well the PRS sequence ID as follows:
Proposal 10: NR PRS mapping in frequency domain should consider the mapping of the PRS symbols evenly to all subcarriers in PRS OFDM symbols, and avoid the issue associated with LTE PRS, e.g., no PRS signals for particular subcarriers in all PRBs, e.g., by using the sequential PRS OFDM symbol number, counted from the start of the PRS occasion.
Proposal 11: The density of PRS REs within a PRS RB should also be configurable, e.g., {1/2, 1, 2, 3, 4, 6}, where ½ implies there is one PRS RE for every two PRS RBs, and the PRS RE may be placed in even or odd numberd PRS RBs.
Proposal 12: NR should support the configuration of the N consecutive PRS OFRM symbols within a slot, where N can be {1, 2, 3, 4, 6, 12}. In addition, the starting positioning of the N consecutive symbols relative to the start of the slot should also be configurable such that the N consecutive PRS symbols can be flexiably allocated within the slot.
Proposal 13: NR should support the configuration of the NR DL PRS resource set. Each NR DL PRS resource set may include one or multiple NR DL PRS resources, and the maximum number of NR DL PRS resources in a DL PRS resource can be 192.
Proposal 14: NR may consider introducing the concept of OTDOA Positioning occasion, which contains a burst of PRS resource sets transmitted in a short time duraton for reducing the time delay and UE power consumption in OTDOA positioning. The duration of an NR DL PRS Occasion or the number of PRS resource sets of an NR DL PRS Occasion should be configurable within a certain range. For example, the duration of an NR DL PRS Occasion may be limited within [5] slots, and/or the number of PRS resource sets of an NR DL PRS Occasion is limited to 5.
Proposal 15: NR should consider introducing the muting for the DL PRS transmission. The PRS muting patterns should take the multibeam transmission of the DL PRS signals into consideration.
Proposal 16: Muting configurations can be supported in different levels, including 1) at the level of PRS groups; 2) at the level of  PRS occasions; 3) at the level of PRS resource sets; and 4) at the level of PRS resources.
Proposal 17: Support the NR PRS design with Primary PRS(P-PRS) and Secondary PRS(S-PRS) for DL positioning. The S-PRS is configured independent of P-PRS, with the following properties, and adopt the text proposal on NR PRS design with P-PRS and S-PRS  in Appendix B for TR 38.855.
Proposal 18: Support the NR PRS design based on the existing framework of the NR CSI-RS with possible modification and enhancement on the sequence generation, resource mapping, resource grouping, and the resource configuration, such as transmission period and offset, and allowing the configuration the orthogonal CSI-RS resources transmitted from the neighbouring cells from the purpose of PRS muting and interference avoidance.
Proposal 19: It is feasible Support NR carrier phase-based DL positioning. The carrier positioning reference signal (C-PRS) can be a pure carrier wave of sinusoidal signals at a pre-configured or pre-defined carrier frequency. The carrier frequencies of the neighboring cells for transmitting the C-PRS will be cell dependent. The transmission of the C-PRS can be carried out at the edge of the carrier or the guard-band of the carrier without causing inter-channel interferences to neighbouring carriers. Support transmiting C-PRS in two or more carrier frequenciesinthe DL carrier phase-based positioning for fast search of the integer ambiguity.
Proposal 20: Adopt the text proposal in Appendix C for the NR carrier phase-based DL positioning.

LGE
OTDOA
Observation 1: For the OTDOA based positioning, NR positioning should consider the complexity reduction UE complexity for the cross-correlation computation for the following reasons.
Number of ToA/RSTD measurements would be quite large even for a single gNB/TRP in NR due to the TX/RX beam sweeping operation.
Wideband based PRS is highly demanded for high accuracy positioning which is also requires high complexity.
Proposal 1: NR should consider the simultaneous transmission of the common PRS sequence from multiple gNBs/TPs for the OTDOA positioning technique especially for the computational complexity perspective.
Proposal 2: NR should consider the simultaneous transmission of the common PRS sequence from multiple gNBs/TPs with different intentional time-domain delays.
Proposal 3: The positioning accuracy performance by OTDOA technique should be studied based on the assumption of network synchronization error.
Proposal 4: For NR positioning, need to study for the development of solutions to provide high accuracy positioning by overcoming the limited frequency resources for the narrow bandwidth system.
AoD based positioning
Proposal 5: To support AoD based DL-only positioning technique with at least beam sweeping, need to study signalling mechanism on beam information between gNB, LMF, and UE. 
For example, the gNB sends the AoD information of RS resource(s) to LMF, and the UE reports RS resource index corresponding to the maximum RSRP to LMF.
PDoA
Proposal 6: Need to study on the potential advantages of the utilizing PDoA measurement method to improve the positioning accuracy.
PRS design
Proposal 7: The number of occupied OFDM symbols of a PRS resource should be determined with consideration of frequency RE density (REs/symbol/PRB) of the PRS resource.
Proposal 8: NR defines PRS resource set that contains one or multiple PRS resource(s).
Proposal 9: NR PRS occasion is a repeated structure of a PRS block which is composed of multiple PRS resource(s) considering the beam sweeping periodicity for PRS transmission of the gNBs/TPs.
Measurement and Reporting
Proposal 10: RSTD measurement can be obtained between PRS resource sets transmitted from different gNBs/TPs after the UE determines the minimum ToA/propagation time for each PRS resource set.

Sony
Proposal 1: A dedicated NR DL PRS resources (e.g. one or multiple slot) is designed to accommodate multi-beam transmission (e.g. beam-sweeping) from one or more gNBs.
Proposal 2: A set of PRS resources represent a beam direction of PRS transmission. 
Proposal 3: A set of PRS resources represents a beam direction can be multiplexed in either time-domain and/or frequency-domain depending on the gNB capability.
Proposal 4: On supporting positioning measurement with multi-beam operation, location server collects the gNB beam configuration for the PRS transmissions and optionally UE beam configuration.
Proposal 5: The UE reports RSTD and the associated beam information related to the set of PRS resources of that measurement (e.g. implicit information of PRS angle-of departure (AoD)).
Proposal 6: Optionally the UE can also report the associated UE RX beam information related to the set of PRS resources of that measurement (e.g. implicit information of PRS angle-of arrival (AoA)). 
Proposal 7: On demand resource allocation for NR DL PRS transmissions is triggered by the required positioning accuracy.
Proposal 8: A location server can trigger (e.g. via LPPa protocol) the selected gNBs to allocate on demand resource allocation for NR DL PRS transmission. 

Samsung
Proposal 1: Multiple density/pattern should be supported for positioning reference signal and it can be configured based on available bandwidth, cell density, numerology, carrier frequency, etc.
Proposal 2: For configurable DL PRS signal bandwidth, the following should be considered.
UE specific configuration;
RBG based granularity;
DL PRS signal is configured to the active BWP or the BWP containing SSB.
Proposal 3: Extended CP can be considered for 15 and 30 kHz for DL PRS signal.
Proposal 4: There is no need to introduce additional interference randomization across PRS signals and sharing between NR DL PRS resources and other transmissions including data/control should not be supported.
Proposal 5: Single antenna port is sufficient for PRS signal and multiple antenna ports should not be supported.
Proposal 6: PRS resource set can be defined as a set containing multiple PRS resources and one resource set can be within one slot or cross multiple slots. Each PRS resource contains N=1 symbol and one antenna port should be assumed within each PRS resource set.

Intel
Proposal 1: NR Positioning supports reporting of the received signal waveform(s) for accurate estimation of signal location parameters at NW side
RAN1 is to further study and define mechanisms to support reporting of received signal waveform(s) at WI stage
Proposal 2:
NR supports UE based positioning
If UE-based positioning is agreed, proper considerations should be given to improve NW-based positioning capabilities as well
· As a mechanism to improve NW based positioning performance, the received signal waveform report should be considered as a primary enhancement
For UE positioning based on DL only solutions, additional signaling on NW/gNB synchronization accuracy/offset should be defined
UE based positioning is supported for RRC-IDLE/INACTIVE/CONNECTED UEs
Proposal 3: Do not standardize UE measurements to facilitate support of additional NR DL positioning techniques
Other NR DL positioning techniques can be supported by implementation (e.g. by processing received signal waveform if it is introduced)
Proposal 4: New DL positioning reference signals are defined/supported for NR positioning
Proposal 5: NR DL PRS configuration signaling details (e.g. UE-specific or cell-specific) are defined by RAN2 WG. Further study several alternatives for NR DL PRS relationship with DL BWPs
Alt.1: NR DL PRS resources are configured independently of NR DL BWPs used for communication
· For configuration of NR DL PRS, PRB level granularity is supported 
· By configuration, NR DL PRS 
· may be confined within NR DL BWP
· may overlap with NR DL BWP 
· may be allocated outside of the NR DL BWP 
Alt.2: Dedicated DL BWP is introduced specifically for NR DL PRS transmission. NR DL PRS signals are always confined within this BWP
Alt.3: It is assumed that one of the configured DL BWPs is aligned with NR DL PRS configuration parameters
Alt.4: UE processes DL PRS signals within active DL BWP 
Proposal 6: CP length for dedicated NR DL PRS resources is configurable at least for 60kHz SCS
FFS 30kHz SCS
Proposal 7:
NR defines DL PRS Resource Set as a set of DL PRS Resources
DL PRS Resource Set can be periodically allocated with a predefined period, slot pattern and offset in slots with respect to SFN0
Proposal 8: Two modes of DL PRS transmission are supported by NR
PRS Transmission Mode 1 based on Predefined PRS Transmission Schedule (PTM1)
· PRS transmission pattern on a given PRS Resource is signalled to UE (i.e. pre-configured)
PRS Transmission Mode 2 based on Pseudo-random PRS Transmission Schedule (PTM2)
· PRS transmission on a given PRS Resource is controlled probabilistically (i.e. according to (pre-) configured probability of PRS transmission PPRS_TX)
· Selection of DL TX beam on a given PRS resource is also randomized
Proposal 9:
NR PRS Resource allocation/configuration supports DL TX beamforming and beam-sweeping as well as possibility of DL RX beamforming by UE
NR PRS Resource supports PRS transmission from one or two TX ports
NR PRS Resource supports configurable number of consecutive OFDM symbols, representing single PRS Resource occasion
NR PRS DL TX beam-sweeping is supported and can be enabled or disabled across different PRS Resource Occasions
Proposal 10: Consider support of TBS or dedicated carriers for NR DL positioning by introducing NR PRS signals for estimation of signal location parameters by UE

BUPT, ZTE, CAICT Conclusions
Proposal 1: NR should consider Co-band TBS as a solution for 5G NR positioning.

Spreadtrum
Observation 1: It’s possible and helpful to configure positioning reference signals with beam information to improve positioning accuracy.
Observation 2: Based on the current supported beam measurement metric, the selected beam may not be feasible for positioning measurement.
Proposal 1: For NR positioning measurement, introduce RToA as a new measurement metric for beam management.
Proposal 2: NR Positioning RS pattern within a slot should be staggered comb N structure.

Mitsubishi
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: PRS designs for nonslots should be supported
Proposal 9: PRS sequence ID should be UE specific. Cell ID is used, if unique ID is not configured for PRS sequence ID.
Proposal 10: Pseudo-number based PRS generation driven by PRS sequence ID is supported
Proposal 11: C_init should depend on the slot and symbol index
Proposal 12: Support resource specific PRS
Proposal 13: Support on-demand resource allocation for PRS
Proposal 14: Support aperiodic and semi-persistent PRS

Qualcomm
Observation 1: RAT-dependent UE-Based positioning has an abundance of beneficial characteristics including but not limited to the following:
Enables new use cases
Enables improved performance of existing use cases
Improved scalability
Improved operational range
Low UL overhead
Low latency
Very low specifications impact
Parity with RAT-independent UE-Based features
Observation 2: RAT-dependent UE-Based positioning was agreed, but not yet implemented for Rel-15 (RP-172313 (RP-78)).
Observation 3: RAT-dependent UE-Based positioning exists for RAT-independent methods.
Observation 4: The duration of a beam sweep is proportional to the number of beams to be swept and inversely proportional to to number of available sysmbols per slot and to the number of symbols required per beam
Observation 5: Staggered comb-N signals require N symbols for full frequency content
Observation 6: Choice of DL PRS comb-level will impact the number of symbols required for transmission of an alias-free signal and may nessecitate coherent integration to reconstruct the alias-free signal by a receiver
Observation 7: Coherent integration performance for signals that span multiple symbols will deteriorate due to Doppler from UE motion
Proposal 1: Support RAT-dependent UE-Based positioning for NR in Rel-16
Proposal 2: Support signaling which enables the UE to perform positioning estimation without feeding back RSTD measurements to the network (UE-Based OTDOA).
Proposal 3: To support UE-based positioning using AoD information, transmit-beam information of the DL PRS should be provided to the UE.
Proposal 4: Quality information for the RSTD measurements as defined in LTE should be reused in NR.
Proposal 5: To support UE-assisted positioning using AoD information, UE should be allowed to report information per DL PRS beam.
Proposal 6: PRS should use a uniform comb density in the frequency domain such that all subcarriers of the available bandwidth are occupied.
Proposal 7: Study comb-1, comb-2 and comb-4 options further. For comb-2 and comb-4 staggering is supported.
Proposal 8: A PRS resource 
contains 1 port spanning N consecutive symbols inside a slot where N is configurable and can be as small as the comb-type and as large as [14] symbols in a slot.
is not BWP-specific.
Proposal 9: Define the concept of a PRS resource set as a collection of one or multiple PRS resources transmitted from the same transmission point. 
Carry-over the concept of Repetition “ON” and “OFF” from the CSI-RS for L1-RSRP of NR Rel-15 to signal for which PRS resource sets the UE may assume that the same downlink transmission filter is used across the configured PRS resources.
Proposal 10: PRS resource setting contains one or multiple PRS resource sets with PRS resources transmitted from the same transmission point.
Proposal 11: Allow reuse of CSI-RS as PRS, including new staggering patterns for such CSI-RS, and allow using transmitted SSBs as a PRS.
Proposal 12: The NR positioning signals must allow a non-ambiguous association of a TOA measurement to its transmission point.
Proposal 13: There should be a deployment option that supports reference signal duty factor <= 1%.
Proposal 14: The signaling and procedures for on-demand DL PRS resource allocation should be specified by RAN2.

Ericsson
Observation 1: Downlink reference signals are used by devices for different positioning related measurements that can be separated into TOA measurements, RSS/RRQ/CID/TPID measurements and AoA measurements.
Observation 2: When dealing with interfering signal of the same order of magnitude as the measured TOA signal, a careful choice of sequences to be used within a position computation operation should minimize the interference between these sequences.
Observation 3: For comparison purpose, PRS candidates should have the same overhead and layer-1 latency
Observation 4: The re-use of signals that are anyway transmitted for communication purposes also for positioning (e.g. the TRS), have no positioning overhead at all. Such candidate signals are superior to all other signals as long as they fulfill positioning requirements in a given scenario.
Observation 5: The SS-block has to be transmitted for initial access and synchronization purposes and can be reused also as a positioning signal without overhead.
Observation 6: The TRS (CSI-RS for tracking) has to be transmitted for fine time and frequency tracking purposes when there is at least one connected UE in a cell and the TRS can therefore be reused as a positioning reference signal with no or very limited additional overhead.
Observation 7: PDCH DMRS and PTRS in the DL is less suitable as a downlink positioning reference signal since they are transmitted together with PDSCH data and due to expected interference from transmitted data from adjacent BSs.
Observation 8: The resource allocation scheme of the SS block for tracking allows orthogonal transmission from neighboring base stations utilizing both frequency and time multiplexing but this has an impact on the efficiency of neighbor cell search.
Observation 9: The SS block signal is suitable for some downlink positioning measurements
Observation 10: The resource allocation scheme of the TRS allows orthogonal transmission from neighboring base stations utilizing both frequency and time multiplexing. Simultaneously, the use of Gold codes provides additional interference immunity.
Observation 11: The bandwidth of the TRS is configurable up to the full system bandwidth.
Observation 12: The transmission of the TRS in multiple beams gives additional information on Angle of Departure (AoD) that can be utilized for positioning purposes.
Observation 13: The comb-4 structure of TRS enables a 6 dB power boosting if the power is concentrated to the TRS resource elements.
Observation 14: Extended TRS can increase TOA estimation accuracy and range compared to the basic TRS.
Observation 15: Extended TRS can be setup within PDSCH traffic or in a slot dedicated to TRS and positioning signals.
Observation 16: Staggered comb patterns allow frequency re-use while allowing for full bandwidth and full TOA estimation range.
Observation 17: Use of “SFN-PRS” allow a higher degree of effective orthogonality, which reduces the negative impact of interference for positioning, which could contribute to a higher positioning accuracy. SFN-PRS may be used with any comb-n, including comb-1.
Observation 18: In indoor scenarios such as IOO and industrial scenarios where natural delays are small the use of SFN/cyclic shift PRS can be used to create a large number of de-facto orthogonal/orthogonal signals and thus give large improvements in positioning accuracy.
Observation 19: OTDOA based on TRS (10MHz bandwidth, 2GHz carrier frequency) meets the FCC requirements for horizontal positioning accuracy in the agreed simulation scenario.
Observation 20: By combining a staggered comb (e.g. comb-6) with SFN/cyclic shifts the positioning accuracy in the indoor office scenario may be very significantly increased.
Proposal 1: The sequence and sequence initialization to utilize for a potential new NR positioning reference signal should be evaluated in terms of correlation properties before being specified.
Proposal 2: The use of “SFN-PRS” based on deliberate delays or cyclic shifts should be evaluated at least for indoor scenarios and industrial scenarios and should be considered as a potential new NR PRS.
Proposal 3: PRS configuration should support bandwidth allocation with the same bandwidth granularity  as CSI-RS and allow up to the full BWP bandwidth
Proposal 4: PRS subframe configuration should support coexistence with SSB and CORESETs
Proposal 5: The PRS supports a single antenna port
Proposal 6: The TRS shall be supported for positioning purposes in NR.
Proposal 7: Existing NR Rel. 15 signals, extensions of existing NR Rel. 15 signals and new positioning reference signals may be considered in the work item phase as long as they can be shown to fulfill positioning requirements that the TRS can’t fulfill in one or more important scenarios/use cases.
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