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In RAN1#AH-1901 it was agreed to use the NR UL SRS as a starting point for the design of UL PRS and further study if and which enhancement are needed to the existing UL in order to fulfill the requirements. The following agreements were captured in [1]. 

	Agreement:
· NR UL SRS is used as a starting point for design and analysis of UL PRS
· Further study if and which enhancements are needed
· FFS: NR UL PRS relationship with UL BWP and component carrier

Agreement:
FFS: At least the following aspects for NR UL PRS design 
· Use of UL beam sweeping at FR2 
· Beam sweeping includes possibility of quasi-omni transmission
· Use of UL beam alignment at FR2 through DL reception and beam correspondence
· UL Power control aspects
· UL timing advance aspects

Agreement:
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:
UL RTOA measurements
UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
UL RSRP (reference signal received power) measurements
gNB RX-TX time difference measurements



For 3D positioning, the NR UL PRS needs to be received by at least four LMUs for computing TDOA. This contribution analyses the link budget considerations to achieve this goal. Likewise, it also analyses the UE group management strategy proposed [1] to ensure that U-TDOA measurements can be improved. 
[bookmark: _Ref534822995]

Uplink TDOA – Scope of this contribution
One of the advantages of UL TDOA is that using uplink measurements for positioning allows the requirements for each UE to be matched individually by allocating the best suited amount of resources (including individual settings of update/repetition rate).
In order to compute 3D-positions using the UL TDOA approach, the UL PRS needs to be received with sufficient signal strength at least at four LMUs. For this purpose, we present our results of link budget investigations in Section 3. 
The contribution R1-1901183 [1] is applicable here and includes the following proposals
· Semi-persistent allocation of UL PRS slots minimizing the signaling overhead. This is especially relevant if the UEs are continuously tracked.
· Several UEs may share the same slot and be separated in three ways:
· Different time/ frequency resources (e.g. different COMB offset or different bandwidth parts)
· Code domain multiplex 
· An “activity pattern” is proposed to randomize the interference between UEs. The activity pattern randomizes critical interference and is similar to the “muting pattern concept” of the 4G-PRS.
In this contribution we investigate the requirements for the code domain multiplex. The required sequence length depends on the power level difference. In chapter 4, the gain of a group management is demonstrated.  

[bookmark: _Ref867204]Link budget considerations 
The main limiting factor for UL TDOA (and other UL signal based measurements) is the transmit power available for the UE. For indoor and small deployments this is not critical, but for larger scenarios (e.g. UMa) a higher processing gain may be required to establish the link. 
The analysis presented in this contribution is based on the following:
· The agreed hexagonal grid with ISD=500m (UMa) and ISD=200m (UMi) is used for the deployment scenario.
· The overall deployment area is split into ‘sub-areas’ defined by the triangle of the three nearest gNBs. Due to symmetry, it is sufficient to perform the statistical analysis for UEs in this sub-area.
· Within this (sub)-area a uniform distribution of UEs is assumed. 
· For all UEs in this area, the links to all gNBs are calculated. For 2D positioning the three direct neighbors are required. For 3D or for better redundancy the availability of the other gNB is also investigated.
· For link-budget analysis, the gNB antenna configuration as described in full detail in the annex is characterized by 
· For each gNB three sectors are assumed.
· For each sector a flat antenna panel in line with the agreed simulation assumptions given in R1-1811987 is selected.
· 4 TXRUs (2 high sectors and 2 low sectors) with static beam steering angles are implemented.
· For simplicity, an omnidirectional antenna is selected for the UEs. Directional gains (and losses) resulting from the UE antenna characteristics are not considered.
· The total number of links per gNB is  with  
· 3 sectors per gNB,
· 4 TXRUs per sector,
· 2 Polarizations per TXRU.
· The link analysis is based on the channel parameters as defined by TR38.901 (pathloss models, shadow fading).
· For each UE-gNB link the best beam pair is selected. 
· Only the gNBs with a mean pathloss less than 130dB are further considered. 
Further details on the setup can be found in the annex. The results are summarized in the following figures: 
· Figure 3‑1 shows the coverage map taking into account the antenna effects, the pathloss model and the shadow fading for one beam (left) and for all beams of a gNB (right). The triangle depicted in the figure on the right marks the ‘sub-area’ covered by three neighboring gNBs. 
· In Figure 3‑2, the receive powers for all points within the triangle are evaluated for a statistical analysis of the links to 14 gNB (among which gNB 1, 2 and 6 are the direct neighbors of the UEs in the triangle). Only gNB links with a mean pathloss of less than 130dB are considered. For LOS condition all 14 gNBs are received (left) with a pathloss < 130 dB, whereas for NLOS conditions, only 7 gNBs fulfill these conditions.

The allowed pathloss depends on the available transmit power and the receiver sensitivity. The allowed pathloss can be derived from the receive power map for a given transmit power and receiver sensitivity. The receiver sensitivity is a function of the selected UL PRS parameter. 
The following figure show the received power versus location taken into account 
· Pathloss according to the 3GPP pathloss models as defined by TR38.901
· Shadow fading 
· Antenna gain/pattern: The antenna array assumption is in line with the simulation assumptions agreed in R1_1811987 [5]. From the 8x8x2 elements a subset is selected as described in the annex.
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[bookmark: _Ref411517269]Figure 3‑1: Receive power map: One beam (high sector, left), all beams of a gNB (right).
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[bookmark: _Ref971125][bookmark: _Ref971109]Figure 3‑2: Receive power statistics: cdfs of the RX powers for the relevant gNBs (LOS left, NLOS right). In the figures, group 5 corresponds to the complete triangle depicted in Figure 3‑1. 

From the Figure 3‑2 the following characteristics can be observed 
· LOS case (left): The probability that the received signal is above -100dBm (for TX power = 0dBm  pathloss less than 100dB) is high for many gNBs. Typically 6 or more gNBs receive the signal with a pathloss less than 100dB.
· NLOS case (right): Only gNBs with a mean received power level greater than -130dBm are considered as relevant. If a pathloss of approximately 120dB (received power level > -120dBm for TX power 0dBm) is supported, typically three or more gNBs can receive the signal from the UE. 
The receiver sensitivity and the used TX power (power at input of the TXRU) define the allowed pathloss. According to R1-1811987, a TX power of 23dBm is assumed resulting in a required receiver sensitivity of -77dBm (LOS case) and -97dBm (NLOS case). Note: UE antenna gain is not taken into account. The feasible receiver sensitivity depends on the UL PRS configuration and are defined by 
· Noise figure: For UL, the gNB noise figure is relevant. According to R1-1811987, a noise figure of 5dB is selected
· Effective noise bandwidth: Increasing the COMB factor or using a subband from the entire signal bandwidth reduces the effective noise bandwidth. 
· Effective UL PRS sequence length: The sequence length defines the processing gain of correlation. The effective sequence length is the sum of the resources (sub-carriers, and OFDM symbols) allocated to the UL PRS. 
Observation 1: For the given network configuration (UMa, ISD = 500m), a link closure is feasible if the UL PRS configuration parameter (TX power and waveform parameter) allows a pathloss of 100dB (LOS case) or 120dB (NLOS case). For other configurations (or different ISD, other propagation conditions) the resulting pathloss can be calculated accordingly. 
Figure 3‑3 shows different UL PRS options: 
· SRS structure:
· One or two OFDM symbols of a slot include SRS only (the other REs may be used by other UEs)
· Either COMB = 2 or 4
· UL PRS as staggered COMB
· COMB factor up to 12
· Number of used OFDM symbols is up to 12 (preferable an integer multiple of the COMB factor) per slot (for normal cyclic prefix the remaining 2 symbols of a UL PRS slot may be empty or used by other data)
· Staggered subband structure 
· Mainly applicable to wideband systems 
· The bandwidth of a subband is an integer multiple of 12 subcarriers 
· “coordinated Frequency hopping” over the subbands is applied for different OFDM symbols
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[bookmark: _Ref411581322]Figure 3‑3: Analyzed UL PRS structures: SRS (left), “Staggered COMB” (middle), “Staggered subbands” (right)

The main advantage of the “staggered COMB” and/or the “staggered subbands” is the increase of the effective signal-to-noise ratio for a given TX power. As an example two configurations for a 50MHz channel are compared in the following table. The staggered subbands structure may allow generating the UL PRS data according to the SC-OFDMA concept. This may offer additional flexibility for the UL PRS design. The table of link budget presented for staggered comb structure below is also applicable for staggered subbands. 


	
	SRS
	UL PRS  (“staggered COMB structure”)

	Bandwidth
	50MHz
	50MHz

	COMB
	2
	12

	Effective noise bandwidth:
(remaining noise power bandwidth per OFDM symbol after processing)
	25MHz
	4.16MHz
 7.8dB gain compared to SRS

	Used subcarriers per OFDM symbol
	1584
	264

	Assigned OFDM symbols
	1
	12

	Effective sequence length
	1584
	3168
 processing gain increased by 3dB

	Total gain
	Reference
	10.8dB (compared to SRS)

	Required wideband SNR
(comparable performance, see Figure 3‑4)
	-20dB

	-31dB

	Noise power for NF=5dB in 50MHz bandwidth
	-91.9dBm
	-91.9dBm

	Required input power 
	-111.9dBm
	- 122.9dBm

	Maximum allowed pathloss for UE TX power = 23dBm
	134.9dB
	145.9dB

	Radio resources used 
	1584 RE per slot
	3168 RE per slot
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(a)
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(b)

	Assuming single shot operation at low SNR false detection may occur. The plot shows the number of values within the expected ToA range. 
	Toa error versus SNR (values outside the expected range are ignored) 


[bookmark: _Ref411545225]Figure 3‑4: Comparison of SRS, COMB=2 with staggered UL PRS, COMB=12: 
(a) Detection probability (ToAs in expected range); (b) TOA error (standard deviation)

Observation 2: Compared to the SRS with COMB 2 the “staggered COMB structure” provides a gain of up to 10.8dB at the cost of an increased number of OFDM symbols used.
Observation 3: The receiver sensitivity required for the support of UL-TDOA schemes in UMa deployments with ISD =500m or higher is feasible with staggered COMB or subbands structure.
Proposal 1: The staggered COMB and the staggered subbands structure shall be further considered as UL PRS candidates. 

[bookmark: _Ref868127]Group management for UL PRS
Background and motivation 
The pros and cons of the different positioning technologies depend highly on the application. The concept presented in this chapter benefits applications with a large number of devices (UEs) to be tracked (for example industrial applications, IoT … etc.). The goals and circumstances are characterized by:
· Long battery life requirements  ( need to minimize processing complexity in the UE) 
· Support tracking for moving devices
· Configurable position update rate depending on the speed
· Minimize signaling overhead (e.g. use semi-persistent configuration of the devices) 
· Support many devices within a service area 
· The service operator may select “main service areas”. In the main service area additional LMUs may be installed to optimize the position accuracy 
· Main focus is on indoor (e.g. industrial) applications. For outdoors, many devices may not include a GNSS receiver. Therefore, outdoor installations (with higher ISD than indoors) could also be a possible deployment scenario 
Based on these assumptions the proposal is characterized by: 
· For minimizing the signaling overhead a semi persistent allocation of a UL PRS slot is assumed.
· The periodicity of UL PRS assigned to UEs depends on the required position update rate and the number of UEs tracked in parallel.
· One UL PRS slot is shared by many UEs. The UEs are distinguished in the time/frequency domain as well as the code domain. The UEs are organized as “groups”. 
· UEs belonging to the same group are authorized to use the same time/frequency resources (same resource elements) of the UL PRS slot.
· UEs belonging to the same group are separated in the code domain.
· The feasible separation in the code domain depends on the sequence length and the cross correlation properties of the sequences. Depending on the interference scenarios long sequences may be required to separate the signal of a user from that of another. 
· Complementary to the code-domain separation concepts similar to the muting concept as used for OTDOA in LTE are proposed for mitigation of critical interference scenarios. 
Additional details can be found in our earlier contribution R1-1901183 [1] submitted to RAN1 AH-1901 in Taipei. 
The focus of this chapter is to highlight the gains obtained by group management for UL PRS transmission. 

Principle of the group management
According to the proposal given in [1], the separation of the UEs is performed in three steps:
· Orthogonal time/frequency resources 
· Code-domain multiplex 
· Activation pattern (The UE does not transmit in all available UL PRS slots). The principle of the activation pattern is similar to the muting pattern used for the 4G DL-PRS and counteracts critical interference situations. 
If code domain multiplex is applied, the ‘near-far’ problem becomes the main limiting factor. Assuming UEs using the same time/frequency resources are separated in the code domain only, the signals may arrive at different level at the gNB and the separation offered by the code alone may not be sufficient to identify a user from other. 
A group management strategy is proposed to solve this issue. Note: The group management is only required if the UEs are no longer separable in the time/frequency domain. This may be the case, when the number of UEs is very high or many UEs require a high position update rate. 
If the UEs are close to one another, differences in signal strength are mainly due to shadow fading. According to this principle, UEs within different sub-areas are assigned to different groups. To analyze the benefits of grouping users, a location service area defined by intersection of coverage region of three gNBs is further divided into three groups (group 1, 2 and 3) and denoted with small yellow squares within the triangle. The statistics of signal to interference ratio (SIR) within the small groups are presented. Likewise, for comparison, the SIR for the UEs located within a larger group area (lower right) is denoted ‘group 4’. Furthermore, the statistics of all UEs within the triangle (‘group 5’), which corresponds to the case where no grouping is done at all, are also evaluated. 
[bookmark: _Ref411586278] 
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Figure 4‑1: Group management principle.
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Figure 4-2: User group simulation setup (Note: A subset of the gNBs is shown only)
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[bookmark: _Ref411587905]Figure 4‑3: SIR statistics with (group 1-3) and without (group 4 and 5) group management 

The evaluation results are depicted in Figure 4‑3. As expected, the resulting SIR statistics with group management principle corresponds to the shadow fading parameter. Without group management, the SIR statistics additionally depends on the pathloss and the antenna pattern characteristics. For the example presented here, beams with different elevation angles was assumed (details see Section 8.1.2) reducing the SIR. For the NLOS case, Group 3 shows already a higher variation than the groups 1 and 2. This is caused by suboptimal beam management for Group 3. Group 3 is partly on the edge of the supported sector. 
Observation 4: Group management ensures that differences between SIR among users sharing time/frequency slots remain within a range, thereby supporting code domain multiplex of the users. 
In the example above the standard deviation is approximately 6dB compared to 20dB without group management.
Proposal 2: Group management shall be studied further for UL-TDOA based solutions. 

Other (critical) interference scenarios are handled mitigated by the activation pattern like the case where the UE of interest is in NLOS state and the interfering UE is in LOS state. 



Procedures of Group Management
For the grouping procedure the following terms are defined:
UE group: UEs which are located close to each other in space (such that the difference between signal strength from a UE to another does not exceed a certain threshold) form a UE group.
Procedure: 
· Step 1: Reservation of radio resources used for UL PRS
· [bookmark: _GoBack]All gNBs/LMUs associated to the positioning area are informed about the selected UL PRS resources by the LMF. 
· RB on which UL PRS symbol is transmitted
· OFDM symbol(s) where the UL PRS symbol is transmitted. 
· Step 2: Group definition 
· The UL PRS resources (RB) are shared by several groups of UEs. 
· A group is addressed by a group ID.
· All UEs within a group have a common group ID. 
· The LMF may coordinate the allocation of users into groups, taking into account the position of gNBs and the antenna characteristics. 
· The users may be assigned to a GID according to information derived from beam reporting (e.g. SSB) or coarse a-priori knowledge of the position of the UE (e.g. position estimate derived from single point locating by the s-gNB using eCID and AoA or AoD information). 
· The UEs belonging to the same group have similar mobility status. Therefore, they are configured to transmit with same periodicity and offset. 
· A low rate is usually sufficient for stationary devices or those moving at low speed.
· A UE moving at higher speed may need to have higher update rate. 
· Two groups transmit on different OFDM symbols belonging to the UL PRS resources (RB) or they may use different sub-bands within the bandwidth allocated to UL PRS. 
· Processing gain of the orthogonal codes separate any two users within a group.
· Step 3: Assignment of UEs to groups
· The s-gNB or the LMF (via s-gNB) assigns a GID to each UE to be located by UL-TDOA
· The UE receives configuration from s-gNB which consists of 
· Group ID (GID) to which the UE belongs 
· Resources on which the UE transmits the UL PRS
· Configuration index (which specifies periodicity and offset) 
· Transmission power 
· Sequence ID (or configurations which determine the sequence ID)
Proposal 3: Group management procedure itself is transparent to the UE. The allocation of UE to a group in support of UL-TDOA needs to be further coordinated with RAN2. 

[bookmark: _Ref534823887]Carrier phase measurements and assisted position estimation
For further enhancement of position estimation quality, we propose using carrier phase measurements. In [2], we present first simulation results for carrier phase smoothed position results and compare them to single shot and Kalman-filtered (i.e. time filtered) position results. A feasibility discussion on measuring the carrier phase and its limitations and requirements when using it for position calculation is included as well.

Conclusions:
Observation 1: For the given configuration a link closure is feasible, if the UL PRS configuration parameter (TX power and waveform parameter) allows the following pathloss: 
· UMa, LOS, ISD=500m:  If the allowed pathloss is greater than 100dB, six or more gNBs can receive the signal. 
· UMa, NLOS, ISD=500m: For a sufficient availability of the links the configuration must support a pathloss of 120dB or more. 
· For other configurations (or different ISD, other propagation conditions), the resulting pathloss can be calculated.

Observation2: Compared to the SRS the “staggered COMB structure” provides a gain of 10.8dB
Observation 3: The receiver sensitivity required for UMa deployments with ISD =500m or higher is feasible.  
Proposal 1: The staggered COMB and the staggered subband structure shall be further considered as UL PRS candidate. 

Observation 4: Group management ensures that differences between SIRs among users sharing time/frequency slots remain within a range, thereby supporting code domain multiplex of the users. 

Proposal 2: Group management shall be studied further for UL-TDOA based solutions 
Proposal 3: Group management procedure itself is transparent to the UE. The allocation of UE to a group in support of UL-TDOA needs to be further coordinated with RAN2. 
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TXRU structure used for analysis 
Selected configuration
The documents TR38.802 [4], TR36.897 [5], TR38.901 [6] and R1-1811987 [7] describe the antenna array assumptions for reference simulations. The documents include the array parameter. In general three types of beam forming can be distinguished (R is the number of antenna elements per polarization: R=M  N)
· Full digital beam forming 
· For each antenna element a TXRU (= ADC/DAC,  LNA/power amplifier and diplexer) is assumed 
· The theoretical available maximum EIRP is 20 log10(R) + EIRPSingleElement
(coherent combining)
· The theoretical (maximum) effective SNR gain for the receive direction is 
10 log10(R) + SNRSingleElement  (assuming coherent combining for the signal and power combining for the noise)
· Full analog beam forming 
· One TXRU (one ADC/DAC, one power amplifier per panel, one diplexer per panel) 
· Taking splitter losses not into account: the theoretical maximum EIRP is 
10 log10(R) + EIRPSingleElement
· Assuming ideal combiner (phase shifters and combiners without losses) the theoretical effective maximum SNR is 20 log10(R) + SNRSingleElement
· Hybrid structure (combination of analog and digital beamforming. 
· Configurable TXRU (weighting factors of the (analog) BFN network are configurable
· Fixed TXRU (the beam angle is not configurable, beam steering is performed digital). 

Depending on the beam-forming assumptions different beam-forming gains will result. The simulation assumptions summarized in R1-1811987 don’t define the beam forming architecture.  

For the analysis in this contribution the hybrid structure is assumed with 4 TXRU per antenna panel and polarization (4 x 2 = 8 per antenna panel). The 8 x 8 x 2 antenna array (64 elements, 2 polarizations each) is converted to 8 TXRU ports using the virtualization concept described in TR36.897.  
For the deployment scenario used for the contribution the following configuration was selected 
· 3 (flat) antenna panels per gNB (one panel per sector)
· For each antenna panel 4 TXRU per polarization (8 TXRU per panel)
· TXRU virtualization as defined by TR36.897 option 1B (antenna array portioning 2D) 
· No combiner/splitter losses
· Selective digital combining (= the best beam is selected) 
`	 24 = 3 x 4 x 2 = 3 x 8 TXRU per gNB



[bookmark: _Ref411588183]TXRU configuration and resulting beam pattern
For one antenna panel targeting a sector of 120 degree, 4 TXRUs are selected with the following configurations
· Wide beamwidth for azimuth   2 beams cover the 120 degree sector. 
· Beam steering in azimuth is performed electrically.
· Different elevation angles of the beams: “Low” and “high” sector 
· High beamwidth for the low sector targeting the area close to the gNB
· Narrow beam for the high sector
· Mechanical down-tilt of the panel according to the coverage radius of the high sector
· Additional electrical down-tilt for the low sector 
	Parameter
	Low sector
	High sector

	M  (maximum 8)
	2 (high elevation beam width)
	8 (low elevation beam width)

	N (maximum 8) 
	2 (high azimuth beam width, electrical beam steering possible)
or 4 (used for plots)
	2 (high azimuth beam width, electrical beam steering possible)
or 4 (used for plots)

	Polarizations 
	2  (+/-45deg)
	2  (+/-45deg)

	Element radiation pattern
	3GPP default (8dBi, 65deg beam width)
	3GPP default

	Elevation beam steering
	Electrical downtilt 
	Electrical downtilt = 0
mechanical downtilt only

	Azimuth beam steering
	Two scan angles 
(2 beams for low sector)
	Two scan angles
(2 beams for high sector)



The resulting beam pattern for the 4 TXRUs are summarized in the following figures
	[image: Macintosh HD:Users:ebl:Projekte_FhG:5G:Matlab:Temp:Pathloss:mapData:plots:UMa_LOS_fig4.png]
	[image: Macintosh HD:Users:ebl:Projekte_FhG:5G:Matlab:Temp:Pathloss:mapData:plots:UMa_LOS_fig8.png]

	Beam 1 (low sector), azimuth
	Beam 5 (high sector), azimuth
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	Beam 3, azimuth
	Beam 7, azimuth
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	Beam 1 (low sector), elevation 
	Beam 5 (high sector),elevation 
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	Beam 3, elevation 
	Beam 7, elevation



Resulting coverage 
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	Combined pattern for propagation model UMa_LOS (BS height 25m)
	Statistical analysis of the receive power for the drops within the triangle 
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	Combined pattern for propagation model UMa_NLOS (BS height 25m)
Note: With optimization of the beam, the coverage can be enhanced.
	Receive power CDF for NLOS
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