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1 Introduction
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The agreement in previous meeting related to the downlink based technique is captured below. 

	Agreement:
For NR DL PRS resource design:
One antenna port is supported.
· FFS: configurable number of antenna ports (more than one) in addition to support of a single port

Agreement:
NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is FFS.
· In any OFDM symbol, PRS resource occupies consecutive PRBs
· FFS if multiple symbols can be non-consecutive
· FFS on PRS Resource Set
FFS: whether support of PRS frequency hopping is needed

Agreement:
NR supports RSTD measurements for NR DL PRS
· FFS: RSTD b/w different configured PRS resources, beams, TRPs, cells, etc.
NR supports RSRP measurement for NR DL PRS
FFS if NR supports RSTD measurement quality metric for NR DL PRS
FFS other measurements

Agreement:
NR DL PRS design for FR1 and FR2 supports:
Configurable NR DL PRS signal bandwidth
· FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
Configurable NR DL PRS signal numerology (SCS)
· FFS configurability of CP for NR DL PRS
Configurable NR DL PRS frequency and time allocation
Use of DL beam sweeping / alignment
· i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
· FFS signaling details
Dedicated NR DL PRS resources - time-frequency grid at resource block level 
· PRS transmitted in one cell may or may not collide with PRS transmissions in other cell
· e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB
· There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources
· FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded
· FFS interference randomization techniques across PRS signals
FFS shared in time/frequency NR DL PRS resources with other transmissions including data/control
· FFS which physical channel/signals can share resources with NR DL PRS
FFS interference randomization techniques for PRS transmission with other signals

Agreement:
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques




In this contribution, for both OTDOA and angle based techniques, we list two potential discussion points for further analysis,
· Structure of reference signal for positioning
· The connection between reference signal, antenna port, resource and resource set

Particually for angle based technique, to work properly with high resolution, it is necessary that UEs report multiple RSRP measurement results to gNBs. We further share our views on how to reduce UE RSRP reporting overhead.

2 Structure of reference signal for positioning
We consider that, the reference signals for positioning per beam are allocated at a region of consecutive PRBs and consecutive symbols within a slot, a concept of a block for reference signal transmission. The subcarriers without being occupying by the reference signals are not used for data transmission. Then the power of the reference signal for positioning can be boosted.

We propose the following 6 parameters to define the reference signal structure,
· Sf : RS subcarrier spacing (comb structure) per OFDM symbol
· Sf_eq : Equivalent comb structure after receiver processing
· N : RS symbol number (RS block duration) per beam
· N can be further decomposed as N1+N2
· The RS symbols in N2 is the repetition on some RS symbols in N1
· B : RS transmission bandwidth in terms of RB number
· Y : RS block periodicity in terms of slot number
· Δ : RS frequency shift (staggered) pattern between symbols inside the RS block
· In duration N1 that the shift of RS position in a symbol relative to that in previous symbol

The concept of equivalent comb structure after receive processing is that, as shown in Fig. 1, for each subcarrier, the RS is present in one or two OFDM symbols, or no RS is present in any symbol. After demodulation, the raw channel is derived in each RE having the RS, and the 2-tap time domain interpolator for filtering can be further applied to the subcarriers with RS in two symbols. After that, for each subcarrier, it is either raw channel or the filtered channel value, or zero value. Place them into a single symbol for further channel impulse response estimation. Obviously, it is equivalent to a comb-2 structure.

As mentioned in our earlier contribution, the comb-1 structure RS can provide observation range between [– half of symbol time, half of symbol time]. For the small area deployment such as UMi and indoor office scenario, it is not expected to encounter large RSTD uncertainty. Then the observation range can be reduced. Note that, it takes ‘x’ number of symbols for a per-symbol comb-x structure RS to achieve the equivalent comb-1 structure. So for a comb-6 structure RS, it needs 6 symbols. The consumed symbol number (block duration) can be reduced if it can be ended to, for example, the equivalent comb-2 or equivalent comb-3 structure.

Observation 1: For the small area deployment such as UMi and indoor office scenario, it is not expected to have large RSTD uncertainty

Proposal 1: The RS for positioning in NR can further consider the equivalent comb-2 or equivalent comb-3 structure
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Fig. 1, Example of equivalent comb-2 structure


3 Connection between reference signal, antenna port, resource and resource set
We consider that, a resource for positioning represents the set of reference signals in a block. It means a resource can span a number of consecutive symbols, not just limited to be in one symbol. The reference signals in a resource are transmitted from the same antenna port with the same port index. The antenna elements for transmission in a resource have the same polarization. In this way, if the network considers to transmit the signal with two polarizations, two resources can be configured by using different antenna port. 

The transmission from two polarizations may be utilized for the detection of LOS path. An initial experiment is conducted to check the feasibility. Fig. 2 shows that, when the UE is located at site 0, it receives the transmission signal from the TP at site 1. Assume that the TP and the UE have antennas with two polarization slant angle= 45o and -45o, and 10o and -80o, respectively. So there are 2x2= 4 combinations for the transmission-receiving pairs. The vertical axis in Fig. 3 to 10 shows the UE position (in x-axis) at site 0. For each position, the UE with two polarized antennas may receive signals from the TP also with two polarized antennas. Fig. 3 to 6 are the LOS case. It is seen that the SNR levels observed from the 4 transmission-receiving pairs basically have 2 values. Fig. 7 to 10 are the NLOS case. Interestingly, the SNR levels observed from the 4 transmission-receiving pairs are more deviated from each other as compared to the LOS case.

So a resource set for positioning can contain two resources, each with one polarization from distinct antenna port. Fig. 11 shows that the two antenna ports transmission from a TP are FDMed.

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 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 
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                Fig. 2, 
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           Fig. 3, LOS, TP 45o, UE 10o                                       Fig. 4, LOS, TP -45o, UE 10o
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           Fig. 5, LOS, TP 45o, UE -80o                                      Fig. 6, LOS, TP -45o, UE -80o
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           Fig. 7, NLOS, TP 45o, UE 10o                                   Fig. 8, NLOS, TP -45o, UE -80o
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           Fig. 9, NLOS, TP -45o, UE 10o                                   Fig. 10, NLOS, TP 45o, UE -80o
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           Fig. 11, 



4 [bookmark: _GoBack]Angle based technique: the UE RSRP reporting aspect
The angle based technique basically works as follows. For a gNB and an UE,
1. The gNB transmits RS with beamsweeping.
2. The UE measures (some or all) beams and report RSRP of each beam to the gNB
3. The gNB estimates the AoD based on the UE’s RSRP report.
For the UE, Step 1-3 are executed for multiple gNBs. 

Finally, the location server calculates the UE position by AoDs reported from gNBs.

In Step 2, for limited resolution use cases, it may be sufficient that the UE only reports the beam index with strongest RSRP. For high resolution use cases, we have the following observations:

Observation 3: The data size of UE RSRP report should be made as small as possible, while achieving an acceptable positioning performance. 

Observation 4: Since the RSRP measurement can be quite different for UEs at different locations, the RSRP measurement results should be normalized in some sense and the reporting format should be unified.

To resolve the problems mentioned above, we propose two methods, namely, RSRP ratio report and normalized differential RSRP report, for UEs to send RSRP information to gNB in high resolution angle based  positioning use cases. The details are given in the following sections.

4.1 Proposed RSRP report methods
Suppose a gNB transmits RS with beamsweeping, say beam 1,2,…,N. Suppose an UE is measuring RSRP for these RS beams. Let  be the RSRP measured for beam . There are two methods for UE to report :

  Method 1 (RSRP ratio report): 
Let , i.e.,  is the index such that  is the maximum among  
Let .
The UE reports the max power beam index  and RSRP ratio  to the gNB.

  Method 2 (normalized differential RSRP report): 
Let . 
Let 
Let .
The UE reports the max power beam index  and normalized RSRP difference  to the gNB.

Illustration of measured RSRP of an UE:
Consider the scenario as shown in Figure 12. 
Suppose the gNB transmits RS with beam 1,2,3,4 (in a beamsweeping manner) with beam angle  , respectively.
UEs are dropped on the x axis, from x = -50 to x = 50.
Suppose the beam RSRPs measured by UEs are as shown in Figure 13.
[image: ] [image: ]
      Fig. 12                                             Fig. 13
For UE at x = -31, it can be seen that ,   are the measured RSRPs for beam 1,2,3,4, respectively.


Example for method 1 and method 2:
Suppose a gNB transmits RS with beam 1,2,…,8. 
Suppose .
It follows that:
 ,
(.
If method 1 is adopted, the UE then reports the max power beam index  and RSRP power ratio (to the gNB.
If method 2 is adopted, the UE then reports the max power beam index  and normalized RSRP difference  to the gNB.

We have the following proposals:
Proposal 6: For angle based high resolution positioning, UEs should adopt method 1 or method 2 to report measured RSRPs for gNB Tx beams. The specification details of these methods are FFS

Proposal 7: If method 1 is adopted, then depending on the quality of measured RSRP, an UE may report all or part of RSRP ratio ( to the gNB

Proposal 8: If method 2 is adopted, then depending on the quality of measured RSRP, an UE may reports all or part of  to the gNB

Proposal 9: The definition of the quality of measured RSRP is FFS

5 Conclusion
Based on the above, we have,

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

Observation 3: The data size of UE RSRP report should be made as small as possible, while achieving an acceptable positioning performance. 

Observation 4: Since the RSRP measurement can be quite different for UEs at different locations, the RSRP measurement results should be normalized in some sense and the reporting format should be unified.

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

Proposal 6: For angle based high resolution positioning, UEs should adopt method 1 or method 2 to report measured RSRPs for gNB Tx beams. The specification details of these methods are FFS

Proposal 7: If method 1 is adopted, then depending on the quality of measured RSRP, an UE may report all or part of RSRP ratio ( to the gNB

Proposal 8: If method 2 is adopted, then depending on the quality of measured RSRP, an UE may reports all or part of  to the gNB

Proposal 9: The definition of the quality of measured RSRP is FFS

 
6 Reference
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