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1 Introduction
To meet the requirements to location based service in 5G era,a new study item (SI) on NR positioning  has been approved [1]. The objective of this SI include deciding the evaluation scenarios.According to the online discussion last time, to determine suitable scenarios for evaluation should be done for RAN1#94bis. 
Study requirements, evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
Identify requirements such as accuracy, latency, capacity, coverage, and etc (in RAN1 #94bis)
For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.
Compared with LTE positioning design, the FR2 scenario is totally new thus face new problems,in this contribution, we gave a general suggestion to the evaluation  scenarios and some considerations especially for FR2 positioning methods.
2 Possible changes to evaluation scenarios 
According to the email discussion, nearly all companies agreed to take the follow scenarios as a baseline.
· Scenario 1. Indoor Office (Open Office/Mixed Office) - TR 38.901 / TR 38.802 for both FR1 and FR2 
· [bookmark: OLE_LINK2][bookmark: _Hlk525032656]Scenario 2. UMi street canyon (ISD 200m) - TR 38.901 / TR 38.802 for both FR1 and FR2
· Scenario 3. Macro-cell only deployment (ISD 500m) - TR 37.857 (Case 1 w/o small cells) for FR1 only
We think the deployment cases in TR37.857 [2]are still good conclusion to represent the use cases only with details of some parameters needed to be decided. According to our understanding,followed are some considerations needed to be noticed.
For case 1, Outdoor macro + outdoor small cell deployment scenarios and outdoor macro-only deployment scenario (outdoor small cells = 0) .Outdoor is a quite general concept including dense urban,urban and rural.We may need to decide whether to use a unified value for some parameter such as Inter-BS distance or to give corresponding configuration to each sub-scenario.  A few parameters like carrier frequencies and Tx power are also affected by this problem.
For minimum distance between TRPs and UE cluster radius, we need to choose a proper value for 5G scenarios, from the available MIMO simulation scenarios[3] there are two options to choose 
For outdoor small cell’s layout, we need to decide to use hex grid or random drop method.
The BS antenna configurations is updated in TR38.802, a notable change is for UMI, the antenna pattern is improved.Also on UE side, the antenna configuration is introduced, we need to decide to use these configuration of for the sake of simplification, keep the old version.A general suggestion to the scenarios is listed in the table below.
[bookmark: OLE_LINK3]Table:Outdoor macro + outdoor small cell deployment scenarios and outdoor macro-only deployment scenario (outdoor small cells = 0) 
	
	Outdoor macro cell(UMa) 
	Outdoor small cell (UMi)

	Layout 
	
Hex. Grid

	Option 1:Random drop (All micro BSs are all outdoor)
-	3 micro BSs per macro BS
-	6, or 9 micro BSs per macro BS (optional)
See Figures A.2.1-3, A.2.1-4 and Table A.2.1-8 in 38.211
Option 2:Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)

	Inter-BS distance 
	Dense urban:200m;
Rural:1732m for 4GHz and 1732m and 5km for 700 MHz
Urban:500m

	

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 

	Carrier frequency
	Urban:4GHz 
Rural:4GHz and 700MHz

	 30GHz and 4GHz; 70 GHz (optional)

	BS Tx power 
	Dense urban:Macro layer:
Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Urban:Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
EIRP should not exceed 78 dBm (*)
Rural:49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm


	4 GHz:33dBm for 20MHz system bandwidth
Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW.


	UE Tx power 
	Below 6GHz: 23dBm
30GHz: 23dBm
70GHz: 21dBm
EIRP should not exceed 43 dBm (*)

	Channel model
	Urban:Below 6GHz: 3D UMa
Rural:ITU Rural

	UMi-street canyon

	[bookmark: OLE_LINK1]Penetration 

	-	Option1
-	Low loss model – 80%
-	High-loss model – 20%
-	Option2
-	Low loss model – 50%
-	High-loss model – 50%

	BS antenna configuration
	Follow Table A.2.1-4.in TR 38.802

	BS Antenna Height: 
	Urban:25m;
Rural:35m;
	10m

	UE Antenna Height 
	Follow TR36.873 

	Antenna gain + connector loss 
	See Table A.2.1-4 in TR38.802


	Antenna gain of UE 
	Follow the modeleling of TR36.873

	BS Antenna configuration 
	See Table A.2.1-4. in 38.802

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance)

	UE receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded

	Number of clusters/buildings per macro cell geographical area 
	1 

	Number of floors per building
	8

	Number of small cells per cluster 
	0, 3, 6,9

	Number of small cells per Macro cell 
	{0,3,6,9}*Number of clusters per macro cell geographical area

	UE dropping 
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster 
	Table A.2.1-9 in TR 38

	Radius for UE dropping in a cluster 
	Option 1<28.9 for small cells’ number 3,<21.2for 6,<16 for 9 
Option 2 50

	Minimum distance (2D distance) 
	Small cell-small cell: 20m 

	
	Small cell-UE: 5m 

	
	Macro –small cell cluster center: 105m 

	
	Macro – UE : 35m 

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster 

	UE noise figure 
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance)

	UE speed 
	3km/h 



For indoor scenarios, basically we have two choices, indoor office and indoor shopping mall,  according to our understanding, the shopping mall might be the first step for high-accuracy indoor positioning to be widely used.So it is still very important to include it in our evaluation scenarios.
Table2: indoor small cell deployment scenario
	
	Indoor shopping mall
	Indoor small cell 

	Layout 
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	[bookmark: OLE_LINK8]Inter-BS distance 
	20m

	 System BW per carrier 
	4GHz: Up to 200MHz (DL+UL)
30GHz or 70GHz: Up to 1GHz (DL+UL) 


	Carrier frequency 
	4GHz, 30GHz, and 70GHz 

	Total BS TX power (Ptotal per carrier) 
	
Below 6GHz: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Above 6GHz: 23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm
EIRP should not exceed 58 dBm(*)

	Channel model
	ITU InH-shopping mall
	InH office

	Distance-dependent path loss 
	InH shopping mall ,38.901 7.4.1-1
	InH office 38.901 7.4.1-1

	Penetration 
	50% low loss and 50% high loss


	Shadowing 
	38.901Table 7.4.1-1



Proposal 1: To take the above problems as discussion points.

3  Millimeter wave carrier and beam sweeping
Free space path loss increases with carrier frequency. Millimeter wave transmission systems could additionally suffer from non-line-of-sight losses, e.g., diffraction loss, penetration loss, Oxygen absorption loss, foliage loss, to get a positioning result, UE needs to overcome all the losses, and detect the signals from maybe more than one cells/sites.   
There are already many signals or channels which are designed based on beamforming method in NR to offset the impact of the losses in millimeter wave band, and most of them support flexible beam sweeping configuration when implemented. For example, SS/PBCH block,were designed with full consideration of beam sweeping,and it is also cell specific.These signals or channels can possibly be used to further improve the E-CID positioning methods significantly.We think it is necessary to add some new assumptions to beam related simulation. We can refer to the phase MIMO system level calibration as base line[4].The table followed is an example.
Table 1 Simulation assumptions for Phase 2 indoor-hotpot system-level calibration1)
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz/100MHz/200MHz/400MHz/1GHz

	Subcarrier Spacing
	60kHz

	Channel Model
	Indoor in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming1.  

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.


	Constraints for the range of selective beams per TRP sector
	 [0, 180] in azimuth domain and [0, 180] in zenith domain

	Scheduling algorithm
	Round robin

	ISD
	20m

	BS Tx power
	23dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1). 
(dV,dH) = (0.5, 0.5)λ
Notes: Boresight direction is perpendicular to the ceiling. 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See Table A.2.1-7 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	3m

	UE antenna height
	1.5 m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Indoor, 3km/h,
10 users per BS 

	Metric
	spectral efficiency



· Note1: the DFT beam candidate in this beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN
        where r =1 (which is analogous to oversampling factor of 1) , N denotes the number of vertical/horizontal     
        antennas.
Proposal 2: To decide a basic beam-related simulation assumptions table.
Since release 9, PRS was brought in 3GPP,compared to uplink positioning methods, to use downlink reference signal has some obvious advantage.The base station has higher power than UE so the reference signal has bigger coverage area.Also to broadcast the cell-specific signal, it nearly has no limitation to the capacity. Every UE can take full use of the whole bandwidth allocated for positioning which can result in higher accuracy,with acceptably low resource cost,.All these strengths can not be replaced by uplink methods.  
 Observation 1:Downlink positioning based on cell-specific signals has irreplaceable advantage.
What’s more, according to the offline and online discussion,it is already widely accepted that we will need reference signal for positioning, generally,we have two choices. Choice 1 would be a new reference signal in NR specially used for positioning.The second choice would be reusing the existing reference signals in NR such as TRS with some adjustment.In this contribution, we do not distinguish there two choice and just uses positioning-used reference signal to represent,both of the two choice face some common problems in FR2 using millimeter wave transmission.
Basically, the base station can resort to two beamforming approaches to compensate for the high free space path loss and additional non-line-of-sight losses. First, the positioning-used reference signals(new PRS or reused reference signal) can be transmitted (received) in a beamformed manner and sweep through the angular coverage region (in azimuth and/or elevation). The second choice would be to use a pseudo-imni beam with longer duration.
Beam sweeping mode for positioning has several advantages over pseudo-omni beam with longer duration. These advantages are stated below:
1) Beam sweeping can give information about direction and angle,which are quite beneficial to positioning.Actually, massive MIMO and antenna array are one of the major study points from which we aimed to explore the possibility to promote positioning technology with lower cost.
2) At least SS/PBCH block has already been designed based on beam sweeping pattern, to use beam sweeping for positioning reference signal would bring less contradiction compared to pseudo-imni beam and has the potential to give some possibilities for QCL(quasi co-located) mechanism.
3) Beam sweeping is in some sense a TMD approach which can possibly reduce the interference between cells.Positioning methods such as OTDOA are very sensitive to interference, the PRS design in LTE were mainly to reduce the interference as much as possible, such as the mod6 allocation, the muting system. Beam sweeping can divide the signals in time dimension naturally.
4) Pseudo-omni beam is more like a weaker version of broadcast, generally it can not reach better results than broadcast.
[image: ]
Figure 1: an example for beam sweeping OTDOA positioning
Figure 1 gives a example of possible beam sweeping OTDOA procedure.
Proposal 3: The FR2 positioning-used reference signal design should allow base stations to sweep beams for positioning.

4  OTDOA assumptions and parameters
Which choice suites our objective best and detailed design can be left to further study, but to compare different design, some parameters should be unified for both choices or at least indicated in our evaluation.
First one would be the maximum beam numbers supported by each numerology within a arrangement scope(certain number of slots or an absolute time duration) to cover a certain angle range.TRS already has roughly different configuration in FR1 and FR2, to design new PRS, two factors need to be consider,different numerology configuration have different amount of resources available, also some numerology are used by different  frequency band with different channel path character.
Second is the number of symbols for positioning used reference signal per beam.In LTE, we used 8 symbols in one subframe for PRS,for NR we also need to study how may symbols is necessary for UE in one shot to get enough SNR .To adjust TRS, its configuration is not a fixed configuration for tracking purpose but we need to decide a proper resource overhead for positioning.To invent new PRS,facing more flexible frame structure and resource arrangement for other channels and  reference signals, this is also a very important parameter to be considered.
These two parameters together can give us a total number of resource overhead we use for positioning.To compare different evaluation, this is a must.
 For both NR PRS and TRS, to do the OTDOA evaluation,some additional assumptions are necessary, a general example is shown in table
Table 1: OTDOA assumptions
	Parameter 
	Value

	Cell Planning 
	PCI planning for macro and small cells

	Duplex Modes
	FDD/TDD

	Frequency range designation
	FR1/FR2

	SCS
	15kHz/30kHz/60kHz/120kHz

	Cyclic Prefix
	Normal/extended 

	DRX
	OFF

	Number of antenna ports
	NR PRS 1 port (antenna port x),TRS port

	Beam number for P/TRS
	8

	Beam width  
	4 symbols

	Beam sweeping periodicity
	10 ms

	Number of receive antennas
	4

	Number of consecutive positioning sub-frames in one occasion
	1 and 6

	P/TRS periodicity
	10 ms.

	P/TRS and measurement bandwidth: 
	BWP of 20MHz,40MHz,60MHz,80MHz,100MHz

	P/TRS muting 
	PRS muting pattern indicated by individual companies, if used

	P/TRS Power Boosting
	xdB (Optional, no power boosting)

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions

	PDCCH transmission
	Two symbols in every slot

	RSTD report quantization
	RSTD report quantization



Proposal 4: For further evaluation, add indications to resource overhead such as the number of beam and the number of positioning-used OFDM symbols per beam or a total number of resource within a certain arrangement scope to OTDOA assumptions.
5 Conclusions
In this contribution, we provide our views on the baseline evaluation scenarios and some consideration on the FR2 positioning design, based on the discussion, we give our proposals:
Proposal 1: To take the above problems as discussion points.
Proposal 2: To decide a basic beam-related simulation assumptions table.
 Observation 1:Downlink positioning based on cell-specific signals has irreplaceable advantage.
Proposal 3: The FR2 positioning-used reference signal design should allow base stations to sweep beams for positioning.
Proposal 4: For further evaluation, add indications to resource overhead such as the number of beam and the number of positioning-used OFDM symbols per beam or a total number of resource within a certain arrangement scope to OTDOA assumptions.
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