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1	Introduction
[bookmark: _GoBack]The Rel 16 study item on NR positioning aims at different types of use cases, including both regulatory and commercial use cases. The study item description [1] defines the objectives, including the following for the potential solutions:
· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.
In this paper, we summarize the common elements in the contributions on NR RAT dependent positioning solutions and identify some opinions and positions where contributing companies are aligned from which some agreements could be derived at this meeting.
This summary draft shall be seen as a basis for the offline discussion, and our attempt to identify potential agreements.
[bookmark: _Ref178064866]2	Positioning Methods
The traditional RAT dependent positioning methods can be separated into 
· Enhanced Cell ID
· Downlink positioning
· Uplink positioning

Therefore, it is instructive to analyze the contributions based on these categories, which we will do in the following three subsections. In addition, there are additional methods and concepts that also have been addressed in contributions, and these are briefly discussed in a separate subsection. Given the available time, it is anticipated that these will mainly be discussed and analyzed at upcoming meetings.
2.1	Enhanced Cell ID
[bookmark: _Hlk526736433]These methods can further be separated into E-CID based on NR measurements, procedures and information defined and introduced in 3GPP Rel. 15 and, new aspects of E-CID, candidates for introduction in Rel. 16.
There is strong support in essentially all the contributions for NR E-CID similar to LTE E-CID and no objections have been raised against NR E-CID based on measurements and procedure information in Rel. 15. 
Given the observations, it is clear that the LTE E-CID scope can be supported based on Rel. 15 NR measurements and information. Therefore, it seems reasonable that these proposals can be agreed:
[bookmark: _Toc526830721][bookmark: _Toc526770594]Identified Potential Agreement:
[bookmark: _Toc526830722]Support NR E-CID based on available RRM measurements and procedure information.
[bookmark: _Toc526770595]
[bookmark: _Toc526830723]Identified Potential Agreement:
[bookmark: _Toc526830724]Add the text proposal for NR E-CID in [7] to the TR.

E-CID enhancements regarding beam support, angular information support, and similar AOA/AOD information have been mentioned by several contributions (CMCC, Ericsson, Intel, LG, Mitsubishi, Polaris)
[bookmark: _Toc526830725][bookmark: _Toc526770596][bookmark: _Hlk526736680]Identified Potential Agreement:
[bookmark: _Toc526830726]The support of angular information (AOD/AOA, beam information) should be considered for NR E-CID and studied as part of the SI.  


Comments:
	Huawei
Regarding Identified Potential Agreement:
Support NR E-CID based on available RRM measurements and procedure information.
 

	[HW]: Our understanding is that RRM measurement only includes SSB-based and CSIRS-based RSRP and RSRQ measurements. As such, we do not see how NR E-CID can be based on RRM measurement. In our opinion, NR E-CID is based on multiple measurements including RTT, AoD, AoA, and possibly RSRP measurements. For FR2, additional information regarding the transmit/receive beam index may also be incorporated in the positioning calculation. 
Moreover, E-CID can be implemented jointly in multiple cells (multi-cell E-CID) which means that the aforementioned measurements (such as AoA, AoD) can be drawn from multiple cells. As such, the measurements involved in E-CID may include RRM measurements but encompass far larger set of measurements. 
 

	Polaris Wireless
	[bookmark: OLE_LINK5]We would like the potential agreement to be more explicit about the angular information considered. We believe that the current statement only encompasses azimuthal angles (AOA/AOD) which are only sufficient for 2D positioning. AOA is defined as an azimuthal angle in TS36.214. For 3D positioning, the elevation angles, zenith angle of departure (ZOD) and zenith angle of arrival (ZOA), are required. Thus we would like to add ZOD/ZOA to the potential agreement:
[bookmark: OLE_LINK2]“The support of angular information (AOD/AOA, ZOD/ZOA, beam information) should be considered for NR E-CID and studied as part of the SI.” 

	LGE
	We are generally fine with the second potential agreement. For the first potential agreement, however, we think that E-CID based positioning might be possible through the measurements such as RTT and RSRP. As a starting point, we suggest that “Support NR E-CID based on available RRM measurements and procedure information”

	Samsung
	We agree with LG that there might be other measurements to be considered for E-CID. The wording of the last proposal is not clear. We propose to change it to „The support of angular information (AOD/AOA, beam information) should be studied for NR E-CID as part of the SI. “



2.2	Downlink positioning
In downlink positioning, the focus of the discussion is OTDOA and its enhancements. There is a strong support from contributions for studying OTDOA, and no contribution is against OTDOA. 
[bookmark: _Toc526830727][bookmark: _Toc526770598]Identified Potential Agreement:
[bookmark: _Toc526830728]OTDOA methods should be studied in this SI.
OTDOA is based on measurements of downlink positioning reference signals. In LTE, the downlink positioning reference signal for downlink time of arrival estimation is the cell specific reference signals and optionally a dedicated positioning reference signal. Similarily for NR, as pointed out in several contributions (Ericsson, Huawei, Samsung), the existing CSI-RS for tracking is suitable as a downlink positioning reference signal. To facilitate evaluations and comparisons, it is reasonable to define a baseline configuration of CSI-RS for tracking and require that all other candidate designs should be evaluated in comparison to the baseline signal configuration.
A possible baseline downlink positioning reference signal has been proposed and tabulated for FR1 and FR2 in [7].
[bookmark: _Toc526830729]Identified Potential Agreement:
[bookmark: _Toc526770599][bookmark: _Toc526830730]Agree to a CSI-RS for tracking signal configuration as baseline downlink positioning reference signal against which all candidate downlink PRS designs shall be evaluated 

The network should be able to configure any considered downlink positioning reference signal with beam-forming (CMCC, Ericsson, Fraunhofer, Huawei, Intel, LG, Mitsubishi, Qualcomm, Samsung, Nokia, CATT).
[bookmark: _Toc526830731][bookmark: _Toc526770600]Identified Potential Agreement:
[bookmark: _Toc526830732]Agreed downlink positioning reference signal designs shall support beam configuration 

Comments:
	Huawei
Regarding Identified Potential Agreement:
Agree to a CSI-RS for tracking signal configuration as baseline downlink positioning reference signal against which all candidate downlink PRS designs shall be evaluated 
 

	 [HW]: We have two comments here:
1. We believe that it should be clarified that the use of TRS as the OTDOA RS is a starting point and this does not give TRS a priority to other DL RSs.
1. We would like to clarify that the use of TRS as a baseline only includes sequence generation and RE mapping. There can be some configuration parameters that may need to be modified or added to TRS configuration for the purpose of positioning. 
 


	Nokia
Regarding Identified Potential Agreement:
Agree to a CSI-RS for tracking signal configuration as baseline downlink positioning reference signal against which all candidate downlink PRS designs shall be evaluated 

	. Nokia proposes that we change the 2nd potential agreement of Section 2.2 to the following:
CSI-RS or SS-block could be considered as a baseline candidate for downlink positioning reference signal to compare candidate downlink PRS design against.

	CATT
	For OTDOA, in principle any downlink reference signals (e.g., PSS/SSS/CSI-RS, etc.) can be used to obtain the RSTD measurements for supporting OTDOA. However, these downlink reference signals are designed and implemented with the purpose of the data communication but not for supporting high-performance OTDOA positioning. LTE has specially introduced PRS for supporting OTDOA. Therefore, it might be better to first discuss the properties that needs to be considered in NR PRS before deciding the baseline reference signals for NR OTDOA. We actually provide some detailed discussions on the properties that may need to be considered in NR PRS in [22]. In our view, the baseline reference signals for NR OTDOA may be defined based on the consideration of the properties from LTE PRS (e.g., RE mapping, muting pattern etc.), NR PSS/SSS (e.g., beam sweeping pattern), and NR CSI-RS (e.g., sequence generation).

	Sony
 Regarding Identified Potential Agreement:
Agreed downlink positioning reference signal designs shall support beam configuration




Regarding Identified Potential Agreement:
Agree to a CSI-RS for tracking signal configuration as baseline downlink positioning reference signal against which all candidate downlink PRS designs shall be evaluated 

	Our (Sony) contribution is specifically on OTDOA. Looking into your summary, our view is basically aligned with your text on “The network should be able to configure any considered downlink positioning reference signal with beam-forming”. Thus, we are fine with your proposed agreement:
“Agreed downlink positioning reference signal designs shall support beam configuration”
Our view should be together with other companies proposing this.
In addition, refer to your previous proposed agreement: I think we need further discussion whether CSI-RS for positioning can be as the baseline.


	LGE

	For the first potential agreement, we believe that further discussions would be required. As a baseline downlink positioning RS, we can firstly consider the dedicated RS for positioning purpose in LTE which had been carefully designed especially for OTDOA operation considering several practical aspects such as hearability, and we need to carefully discuss the appropriateness of the current NR RSs including TRS as the baseline for positioning RS with consideration of LTE PRS. 
Regarding the second potential agreement, we are fine in principle.

	
	

	MTK
Identified Potential Agreement:
Agree to a CSI-RS for tracking signal configuration as baseline downlink positioning reference signal against which all candidate downlink PRS designs shall be evaluated 


	· We think the LTE PRS should be the baseline when we potentially have the chance to design NR PRS
· NR TRS can also be simulated to compare with LTE PRS
· We have the following observation from our paper R1-1810461. The ambiguity could be the concern if the UE can only observe the CIR with partial time period. For example in Rel-15, TRS is designed as a comb-4 form with same frequency shift among the OFDM symbols with TRS. As a result the observable timing range under SCS = 15KHz is between -8.3us and 8.3us. The time difference of arrival for the signals transmitted from two different transmission points under the same symbol index, and same slot index are related to the relative propagation delay and the relative SFN timing. The total effect has been included at the higher layer parameters expectedRSTD and expectedRSTD-uncertainty. For TRS, the observable timing range may only cover partial of the search window range

	Samsung
	We think there might be a need to consider different design for FR1 and FR2. For FR1, we think LTE PRS can be a good starting point, which has been approved in Rel-13 that at least it is possible to achieve E911 requirements. For FR2, we can use TRS as a starting point.
For the last proposal, we believe in addtion to beam configuration, CP length should also be considered since the UE might need to hear from far away gNBs.



2.3	Uplink Positioning
UTDOA in LTE is based on SRS transmissions received at multiple reception points. Similarly for NR, as pointed out in several contributions (Huawei, Ericsson, CATT), the existing NR SRS is suitable as an uplink positioning reference signal. To facilitate evaluations and comparisons, it is reasonable to define a baseline configuration of SRS and require that all other candidate designs should be evaluated in comparison to the baseline signal configuration.
A possible baseline uplink positioning reference signal has been proposed and tabulated in [7].
[bookmark: _Toc526830733][bookmark: _Toc526770601]Identified Potential Agreement:
[bookmark: _Toc526830734]Agree to a SRS signal configuration as baseline uplink positioning reference signal against which all candidate uplink PRS designs shall be evaluated 

Comments:
	Huawei
Regarding Identified Potential Agreement:
Agree to a SRS signal configuration as baseline uplink positioning reference signal against which all candidate uplink PRS designs shall be evaluated
	 [HW]: Similar concern regarding TRS for OTDOA applies here: We would like to clarify that the use of SRS as a baseline only includes sequence generation and RE mapping. There can be some configuration parameters that may need to be modified or added to SRS configuration for the purpose of positioning. 



	CATT
	UL hearability is the key issue associated with the UTDOA positioning due to mainly the power limitation of the UE, which is highly related with the evaluation scenarios and the UE location. For urban environment with small cells, however, UTDOA positioning may have its special advantaged where UE power limitation may not be a main issue due to the density of the neighboring TPs. In addition, from UE point of view, there is no need to implement special design in order to support UTDOA since UTDOA is based on the SRS signals, that NR UE already supports. 

	Samsung
	In addition to the hearability problem mentioned by CATT, the scalability of UTDOA is also limited. It seems there is no additional spec impacts since the current SRS design is sufficient.



2.4	New Positioning Concepts
Several new positioning concepts have been presented (BUPT, ZTE, China Unicom, CATT, CMCC, Ericsson, Fraunhofer, Huawei, Intel, LG, Qualcomm, Samsung, Sony), covering topics from carrier phase adjustment, spread spectrum positioning reference signals, secondary PRS signals, etc. At this stage, we exclude fine details from the summary, but instead list some new concepts that are candidates for the upcoming meetings where positioning solutions will be more in focus. These discussed concepts include:
· [4] co-band positioning layer such as TBS
· [5] two tier positioning reference signals and carrier phase measurements 
· [6] different multi-beam and multi-cell E-CID aspects
· [7] different optional positioning signal extensions
· [8] RF fingerprinting and RTT
· [9] single BS positioning based on rich angular information
· [11] multipath information feedback
· [12] carrier phase measurements
· [17] RTT associated to multiple gNBs
· [18] analyse benefits from joint measurements of multiple parameters
· [19] multibeam OTDOA for FR2
· [22]NR Positioning Reference Signals for OTDOA
Comments:
	Huawei
	[HW]: We would like to add three items to the set of new positioning techniques in this section as follows:
1. Angle-based positioning
1. Beam-based UTDOA for FR2.
1. LoS determination

[HW]: We respectfully need to have some clarification on the meaning of “multi-beam OTDOA for FR2”. Does it mean beam-based OTDOA for FR2 or does it mean the simultaneous transmission of multiple beams?
 

	Sony
	
The multi-beam OTDOA in our tdoc is basically beam based OTDOA and it becomes obvious for FR2. It should be part of 2.2 (Downlink positioning) and not 2.4, as in your summary. Hope, it clarifies.


	CATT
	For the evaluation of NR positioning, in addition to the proposals made for the NR PRS design in [3], the PRS design with a primary PRS signal (P-PRS) and a secondary PRS signal (S-PRS) can be considered, where
1) P-PRS is configured similar with legacy PRS, i.e., transmitted with configured periodicity, duration, offset and transmission power; 
2) S-PRS is configured independently of P-PRS;
a) S-PRS signal can be configured to be ON/OFF. 
b) The transmission bandwidth of the S-PRS may be greater than, less than, or equal to the bandwidth of the P-PRS signal. 
c) The resource mapping manner of the S-PRS sequence to the REs in PRS RBs can be the same as, or different from the P-PRS;
d) S-PRS signal is transmitted in the downlink time slots where the P-PRS signal is not transmitted. 
i) S-PRS signal may be transmitted on the OFDM symbols/RBs/REs without the transmission of other downlink data and signals, or
ii) the OFDM symbols/RBs/REs together in the transmission of other downlink data and signals;
e) S-PRS sequence generation method can be the same as, or different from P-PRS sequence;
f) S-PRS EPRE can be configured to be lower than, equal to, or larger than P-PRS EPRE;
g) For supporting multibeam PRS transmission, the association of the P-PRS beams and S-PRS beams can be configured:
i) The number of P-PRS beams and the number of S-PRS beams can be the same or different; 
ii) One P-PRS may be associated with one or more S-PRS, and one S-PRS may be associated with one or more P-PRS;
iii) The transmission direction and beam widths of the associated P-PRS and S-PRS beams can be the same or different;
iv) The associated P-PRS and S-PRS can be configured to have or not have Quasi-co-location (QCL) relationship, and if having QCL relationship, what are the QCL relationship (e.g., 'QCL-TypeA' : {Doppler shift, Doppler spread, average delay, delay spread} , 'QCL-TypeD': {Spatial Rx parameter}, etc.)

The evaluation of NR positioning should include carrier phase positioning based on the carrier phase measurements from the NR signals.


	LGE
	The first priority would be the enhancement of the traditional RAT-dependent positioning schemes such as OTDOA, ECID and so forth, but we believe that the new positioning scheme such as the utilization of phase measurement does not need to be precluded, which could be considered as the second priority for NR positioning discussion.

	Samsung
	We agree that the conventional positioning schemes should have higher priority. For new schemes, we can also consider hybrid schemes in the sense that some RAN-independent positioning information can be assumed. For example, the UE orientation can be assumed to be known with IMU sensor, which is vary common in today’s smart phones.



Conclusion
In this summary paper, we have analyzed the submitted contributions related to RAT dependent NR positioning. We tried to extract some common aspects discussed in most papers in order to prepare for some possible agreements. In addition, there are some more detailed new concepts that will be discussed in the coming meetings. From the summary, we have the following potential agreements:
List of Identified Potential Agreement:

Identified Potential Agreement:
Support NR E-CID based on available RRM measurements and procedure information.
Identified Potential Agreement:
Add the text proposal for NR E-CID in [7] to the TR.
Identified Potential Agreement:
The support of angular information (AOD/AOA, beam information) should be considered for NR E-CID and studied as part of the SI.
Identified Potential Agreement:
OTDOA methods should be studied in this SI.
Identified Potential Agreement:
Agree to a CSI-RS for tracking signal configuration as baseline downlink positioning reference signal against which all candidate downlink PRS designs shall be evaluated
Identified Potential Agreement:
Agreed downlink positioning reference signal designs shall support beam configuration
Identified Potential Agreement:
Agree to a SRS signal configuration as baseline uplink positioning reference signal against which all candidate uplink PRS designs shall be evaluated
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