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Introduction
This document is a summary of the contribution to agenda item 7.2.10.3. in the NR positioning SI. The considered contributions are given in references [1] to [22].
[bookmark: _Ref178064866]Discussion
Many techniques are discussed in the contribution of the agenda items. To steer the discussion, an effort to group techniques with commonalities was made. 
Cell ID based techniques
[2] proposes to support E-CID in NR with LPP E-CID as the starting point with enhancements . Additionally [11] proposes to study enhancements for multiple cell ECID. In [7], enhancements to include multiple beam is mentioned.  [17] discusses angle determination for E-CID based on CSI-RS. The CSI-RS is also discussed in [12] for E-CID. In [15], introduction of measurements for UE Rx-Tx time difference is discussed, along with AoA. [13] also mentions the use for E-CID for positioning. [21] calls for supporting NR E-CID based on available RRM measurements and procedure information, with an associated text proposal. 
[bookmark: _Toc529799920]Discuss E-CID support in two parts – first based on existing Rel. 15 NR RRM measurements essentially corresponding to the LTE E-CID scope, and second based on Rel 16 NR measurements and procedure information
Rel 15 E-CID added support for NR based on cell ID information from the MME, while more specific NR measurements were to be added in Rel. 16. However, a set of NR RRM measurements were introduced in Rel. 15 [22] and can form the basis for NR E-CID.
[bookmark: _Toc529799921]Discuss the first part of E-CID based on Rel. 15 NR RRM measurements [3]
Several companies [2][6][11][12][15][16][17][18][20][21] discusses TA-based procedures to estimate roundtrip time to the serving cell, but also to multiple cells. 
[bookmark: _Toc529799922]Discuss additional NR E-CID components such as:
a. [bookmark: _Toc529799923]Enhancement to timing advance reporting
b. [bookmark: _Toc529799924]Using downlink AOD via beamformed DL RS
c. [bookmark: _Toc529799925]Time stamp reporting
d. [bookmark: _Toc529799926]Angle determination based on CSI-RS
e. [bookmark: _Toc529799927]Measurements for UE and gNodeB Rx-Tx time difference
f. [bookmark: _Toc529799928]Multi-cell ranging information
g. [bookmark: _Toc529799929][bookmark: _Toc528933430][bookmark: _Toc528937775][bookmark: _Toc528938382]Additional multiple beam measurement information 
h. [bookmark: _Toc529799930]Further NR specific measurements, procedures and information
DL based positioning methods
OTDOA is discussed by many companies [3][8][9][10][2][6][14][20][11][4][15][16][17][18][21]. In [2], it is proposed to support OTDOA in NR and to reuse some procedures used in LTE. In [7], the complexity issue of wideband RS correlation is mentioned, and it is mentioned that potential solutions may take battery and UE capability into account. A 2-stage solution to lower complexity is discussed. In [3],[4] and [18], the comb structure of the RS to be used in positioning is discussed. [3] [12], [17] and [18] discusses the need for variable density in the RS design for OTDOA and the use different time domain behavior (periodic, aperiodic, semi persistent). [9][13] also mentions the use of OTDOA for positioning.
From the contributions it is clear that key discussions will concern 
· what signals the UE will use for TOA measurements of the reference and neighbor cell 
· how the signals can be configured into occasions including grouped signal transmissions to ensure hearability
· how the signals can be associated to beams and the central beam sweeping aspects
· device complexity and device processing aspects
· what architecture that need to be considered, and what modes to support
· what measurement details the device shall report 

If the same approach as with LTE will be followed, the timing measurements can be supported by existing downlink signals. In LTE, the cell-specific reference signal (CRS) was a natural existing signal for timing measurements since it covered the full system bandwidth and was transmitted by all cells. Therefore, it was selected as a baseline signal. In addition, the positioning reference signal (PRS) was introduced together with a configurable periodicity, occasion length and muting pattern.
Several companies have discussed existing signals. [9][10][16][18] [21] have identified CSI-RS for tracking (TRS) as a potential existing baseline signal for NR downlink positioning timing measurements. In addition, SSB is also a candidate [10][16][18], but is also concluded to be limited in terms of bandwidth.
[bookmark: _Toc529799931]Discuss if the same approach as in LTE shall be followed and, if so, identify a suitable existing downlink signal for timing measurements - the baseline signal
Different companies have raised different aspects, properties and limitations that needs to be addressed when specifying a downlink positioning reference signal. 
In [6] a set of properties for a new NR PRS are discussed, and the support of first arrival path timing estimation is mentioned. 
Additionally, it is proposed to consider the impact of TX/RX beam sweeps and the potential benefits of additional measurement aiming at extracting DL AOD information.  In [7] the structure of PRS occasion is discussed in the context of shared resources enabling beam sweeps. [12] also discusses the beam sweeping procedure to improve hearability. Additionally, [2] proposes to support angle-based positioning. [10] mentions the use of resource mapping of positioning reference signals, beam arrangement (e.g. beam sweeping operation) and beam identity in the framework of a beamformed reference signal for positioning.
[16] raises the question of possible data multiplexing with the positioning reference signal. 
In [10][18] and [21], CSI-RS is identified as a potential signal for NR positioning along with SSB [18][10], possibly with signal extensions. [21] proposes two different TRS setups for FR1 and FR2 and discusses the identification of the positioning reference signal as part of the RS sequence initialization. [4] analyses the risk of sparse comb-N structures due to the induced sidelobes in the cross-correlation function, which can be suppressed by e.g. introducing staggering. The main reason to consider the comb-N structure is the possibility to orthogonalize.
[11] proposes to create the NR positioning method based on LTE with enhancements.  [14] discusses the need for enhancements compared to LTE in order to meet new, stricter requirements.
[20] proposes a procedure to handle the reporting of OTDOA with multiple cells configured with positioning reference signals (CSI-RS/PRS). The concept is to sound first the SSBs from the serving and neighbour cells, and then report the measurement to a central node which can decide on the configuration of positioning reference signals.
Several companies propose to leverage from the LTE PRS but use the LTE PRS patterns without CRS puncturing [2].  Additionally, [8] propose to extend NR PRS based on LTE PRS with a secondary PRS signal. 
[bookmark: _Toc529799932]Discuss new NR downlink positioning signals to
i. [bookmark: _Toc529799933]potentially enable link budget enhancements such as beamforming, power boosting, accumulation, etc
j. [bookmark: _Toc529799934]potentially enable wideband configuration and accurate timing estimation 
k. [bookmark: _Toc529799935]potentially be configured with a large number of downlink beams, enable beam sweeping and enable AoD estimation, beam identification, etc
l. [bookmark: _Toc529799936]potentially support signal pattern and/or muting pattern orthonalization and/or processing gain to suppress interference
m. [bookmark: _Toc529799937]potentially leverage the existing LTE PRS design, possibly without puncturing of some symbols
n. [bookmark: _Toc529799938]potentially extend an existing baseline signal
o. [bookmark: _Toc529799939]potentially be based on a comb-N structure, possibly with staggering
p. [bookmark: _Toc529799940]potentially be configurable for one or several antenna ports
q. [bookmark: _Toc529799941]potentially be based on a static configuration and a dynamic on-demand configuration
r. [bookmark: _Toc529799942]potentially enable simultaneous data transmission
s. [bookmark: _Toc529799943]potentially enable multi-cell coordination
Device complexity is also addressed in several of these contributions, and aspects such as
[bookmark: _Toc529799944]Discuss device complexity, including
a. [bookmark: _Toc529799945]efforts to process per-beam signals
b. [bookmark: _Toc529799946]efforts to process simultaneous signals from a large number of cells/TRPs
c. [bookmark: _Toc529799947]the need for measurement windows
d. [bookmark: _Toc529799948]a suitable reference device receiver model
In [20] the content of the measurement report is discussed. Several quantities are proposed and dependent of the technique used (TOA, or RSTD or RTT, RSRP and/or SINR). Additionally, it is proposed to report the sector of arrival (SOA). The SoAs may also correspond to the angular coverage areas of the UE received (Rx) beams.
Additionally, [6] discuss location information sources and how to measure and report the signals. Among the possible solution mentioned are:
· Reporting of the signal waveform
· Measurement of first arrival path
· Multipath component-based enhancements

[bookmark: _Toc529799949]Discuss what should be reported by the UE to the measurement instance.
UL based positioning methods
[8] and [16] proposes to have the SI including the evaluation of UTDOA solutions.  The uplink reference signal is SRS. Additionally, [20] proposes to have UL SRS used by the serving and neighbor gNodeB to compute TOA/RTT. [2] also mentions support of UTDOA for NR, with the addition of proposing NR-LMU to assist in measuring SRS.  [7] discusses the support of UTDOA for NR with an emphasis on UL beam sweeping. [17] mentions a possible study of efficient methods to compute TA. [15] identifies the issues of overhead, hearability and beam management to be considered and proposes to introduce a UL relative time distance of arrival measurement. [3][18] discuss the use of SRS for UTDOA, including its configuration (comb level, comb staggering). [12] also mentions SRS as a candidate but also adds DMRS. [13] also mentions the use for UTDOA for positioning. [21] proposes to use two different SRS configuration for FR1 and FR2 as baseline for other reference signals comparison. 
If the same approach as in LTE is followed, then UTDOA is based on an existing baseline signal, where several companies have mentioned SRS, DMRS and PRACH.
[bookmark: _Toc529799950]Discuss if the same approach as in LTE UTDOA shall be followed and define an existing uplink signal as baseline signal.
[bookmark: _Toc529799951]Discuss alternative uplink signal designs, including
t. [bookmark: _Toc529799952]SRS in single and multiple cells
u. [bookmark: _Toc529799953]UL DMRS
v. [bookmark: _Toc529799954]UL PRACH
[bookmark: _Toc529799955]Discuss the support of NR-LMU for UTDOA 

Other solutions 
[8] proposes to have the SI TR to include the evaluation of hybrid UL/DL solutions.  [2] proposes to discuss single-base station solutions. Additionally, [2] proposes the use of angle-based positioning in UL. Also, in [6] [12] and [16 ] it is proposed to further analyse the benefits of AoA measurements for NR UL positioning methods on top of timing measurements. [2] and [6] propose to look at LOS/NLOS detection as a way to improve accuracy. In [6] and [18] Terrestrial Beacon System (TBS) is discussed to support NR positioning. [5] and [19] describe an instantiation of TBS, in which a positioning signal is superimposed onto a communication signal with a power lower than the acceptable noise power of the communication system. [11] proposes to study look at compensation schemes for network synchronization

[bookmark: _Toc529799956]Discuss the support in NR of  
w. [bookmark: _Toc529799957]angle-based positioning
x. [bookmark: _Toc529799958]single-BS positioning solutions
y. [bookmark: _Toc529799959]utilization of phase difference information
z. using NLOS/LOS determination to improve positioning accuracy
aa. [bookmark: _Toc529799960]TBS
ab. [bookmark: _Toc529799961]compensation schemes for the network synchronization errors  
Also, it is possible to combine different kinds of positioning measurements and methods
[bookmark: _Toc529799962]Discuss whether the SI should include the evaluation of NR positioning performance of hybrid positioning techniques based on the measurements from DL reference signals, or UL reference signals, or both DL/UL reference signals.
 Also, support of UE based positioning is discussed in [6] and [18]. 
[bookmark: _Toc529799963]Discuss the benefits of UE-based positioning  

Conclusions
 
In the previous sections we made the following observations: 
No table of figures entries found.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Discuss E-CID support in two parts – first based on existing Rel. 15 NR RRM measurements essentially corresponding to the LTE E-CID scope, and second based on Rel 16 NR measurements and procedure information
Proposal 2	Discuss the first part of E-CID based on Rel. 15 NR RRM measurements [3]
Proposal 3	Discuss additional NR E-CID components such as:
a.	Enhancement to timing advance reporting
b.	Using downlink AOD via beamformed DL RS
c.	Time stamp reporting
d.	Angle determination based on CSI-RS
e.	Measurements for UE and gNodeB Rx-Tx time difference
f.	Multi-cell ranging information
g.	Additional multiple-beam measurement information
h.	Further NR specific measurements, procedures and information
Proposal 4	Discuss if the same approach as in LTE shall be followed and, if so, identify a suitable existing downlink signal for timing measurements -the baseline signal
Proposal 5	Discuss new NR downlink positioning signals to
a.	potentially enable link budget enhancements such as beam forming, power boosting, accumulation, etc
b.	potentially enable wideband configuration and accurate timing estimation
c.	potentially be configured with a large number of downlink beams, enable beam sweeping and enable AoD estimation, beam identification, etc
d.	potentially support signal pattern and/or muting pattern orthonalization and/or processing gain to suppress interference
e.	potentially leverage the existing LTE PRS design, possibly without puncturing of some symbols
f.	potentially extend an existing baseline signal
g.	potentially be based on a comb-N structure, possibly with staggering
h.	potentially be configurable for one or several antenna ports
i.	potentially be based on a static configuration and a dynamic on-demand configuration
j.	potentially enable simultaneous data transmission
k.	potentially enable multi-cell coordination
Proposal 6	Discuss device complexity, including
a.	efforts to process per beam signals
b.	efforts to process simultaneous signals from a large number of cells/TRPs
c.	the need for measurement windows
d.	suitable reference device receiver model
Proposal 7	Discuss what should be reported by the UE to the measurement instance.
Proposal 8	Discuss if the same approach as in LTE UTDOA shall be followed, and define an existing uplink signal as baseline signal.
Proposal 9	Discuss alternative uplink signal designs, including
a.	SRS in single and multiple cells
b.	UL DMRS
c.	UL PRACH
Proposal 10	Discuss the support of NR-LMU for UTDOA
Proposal 11	Discuss the support in NR of
a.	angle-based positioning
b.	single-BS positioning solutions
c.	utilization of phase difference information
e.	TBS
f.	compensation schemes for the network synchronization errors
Proposal 12	Discuss whether the SI should include the evaluation of NR positioning performance of hybrid positioning techniques based on the measurements from DL reference signals, or UL reference signals, or both DL/UL reference signals.
Proposal 13	Discuss the benefits of UE-based positioning
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