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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
  In RAN1#94b, based on TR 38.802/TR 38.901, three scenarios have been agreed for NR positioning performance evaluation, including indoor office, UMi Street Canyon, and UMa. Also, channel model in TR 38.901 is reused. In this contribution, we address the following three points:
1. Cluster delay generation in channel model TR 38.901
2. A baseline algorithm transforming RSTD measurements to the location of an UE 
3. System level analysis on SNR/SINR for comb-4,6 PRS structure
For the first point, we note that in TR 38.901, for each UE-TP link, the delay of the first cluster is set to zero for both LOS/NLOS cases. This has to be corrected as UEs need to measure TDOA for downlink positioning. The second point is an FFS left in RAN1#94b for which we think a baseline algorithm to be agreed upon is necessary and we propose a solution in this contribution. Finally, we show our initial system level analysis on SINR for PRS with comb-k structure, where k = 4,6. 

[bookmark: _Ref129681832]Cluster delay generation 
  The procedure for generating channel coefficients is shown in the following figure [1]: 
[image: ]
Figure 1: procedure for generating channel coefficients
In step 5, the delays are generated as follows:
· Generate cluster delay 
· n = 1,…,N: cluster index
·  delay distribution proportionality factor, depends on scenario and LOS/NLOS condition (refer to Table 7.5-6 in [1])
· : delay spread, refer to Table 7.5-6 in [1]
·  = uniform(0,1)
· Get  by sorting  in ascending order
· In the case of LOS:  , where  depends on Ricean K-factor
The cluster delays generated by this model can be interpreted as the following figure:
[image: ]
Figure 2: illustration of cluster delay generation
Note that for every UE-TP link, we have , which is not applicable for downlink positioning as UEs need to measure TDOA.
Observation 1: For every UE-TP link, the delay of the first cluster is set to zero for both LOS/NLOS cases in TR 38.901, which is not applicable for downlink positioning as UEs need to measure TDOA.
  In the following we discuss the solution to the problem.
Reference cell link is LOS
  In this case, for a link between UE and a neighbor cell, an offset  should be added to the cluster delays of the neighbor cell, where  is the LOS distance between the UE and the reference cell,  is the LOS distance between the UE and the neighbor cell,  is the speed of light, and  depends on LOS/NLOS.
  For the case that the link is LOS, we simply set . See the following figure for an illustration:
[image: ]
Figure 3: Correction of cell cluster delays for a neighbor cell with LOS link 
  For the case that the link is NLOS, the parameter  can be modelled as a variable randomly drawn from an interval  for some . 
  For the value of , first consider the inter-cell case as shown in Figure 4, in which the LOS path (the red line) from gNB i to the UE is blocked by an obstacle. For simplicity, we assume that first signal path from gNB i to the UE experienced one reflection in the cell where the UE is located. We assume  and the signal direction is changed at least . It follows that

where
   : distance travelled by the first NLOS signal path from gNB i to the UE. 
   :    LOS distance from gNB i to the UE.  
As such, we may set  in this case.
[image: ]
Figure 4: NLOS path model for inter-cell case
  Now consider the intra-cell case as shown in Figure 5, in which the LOS path (the red line) from the gNB to the UE is blocked by an obstacle. Again we assume that first signal path from the gNB to the UE experienced one reflection within the cell. We assume  and the signal direction is changed at least . It follows that 
.
As such, we may also set  in this case.
[image: ]
Figure 5: NLOS path model for intra-cell case
Reference cell link is NLOS
  Similar to the discussion above, for a link between UE and a neighbor cell, an offset  should be added to the cluster delays of the neighbor cell, where  is the LOS distance between the UE and the reference cell,  is the LOS distance between the UE to the neighbor cell,  is the speed of light, , and  depends on LOS/NLOS. If the link between the UE and the neighbor is LOS, then ; otherwise . 
  Based on above discussion, we have the following proposals:
Proposal 1: For an UE, the cluster delays of the reference cell remain unchanged after they are generated in step 5.
Proposal 2: For an UE, after all small scale parameters are generated (right after step 9), the cluster delays of a neighbor cell should be added by an offset
,
where 
  : LOS distance between the UE and the reference cell,
  : LOS distance between the UE to the neighbor cell, 
  c:  speed of light, 
  
  for some . 
Note that  is determined once for each link i.
Proposal 3: Set the value  to be 1.37.

A baseline algorithm transforming RSTD measurements to the location of an UE
  The algorithm proposed in the following for transforming RSTD to the 2D location of UE is based on [2]. Let  be the location of the UE and  be the location of the gNBi. Let . Suppose gNB1 is the reference cell for the UE.
[image: ]
Figure 6: Coordinates of UE and gNBs
Let . It follows that 
       .                            (1)
By straight forward derivation, we also have 
   ,                                                                     (2)
where , , and .
It follows from (1) and (2) that 
   
Suppose there are N+1 gNBs for OTDOA measurement, we then have 
  .                                                            (3)
For ease of representation, we write (3) as
  .                                                                                                                       (4)  
Note that in OTDOA, (, ,  are known and  are unknown. We would like to estimate  and then get the estimated value of . Let  be the estimated value of . Let  be the estimated  (note that  is given by RSTD measurement). Using least square approximation to estimate , we have
                                                                                            (5)
Since  may have the problem that . We need to do one more least square approximation for finding  such that the following estimation error is minimized:
   .
It follows that  is given by solving the following equation:
   .                         (6)
Proposal 3: For a baseline algorithm transforming RSTD measurements to the location of an UE, adopt the least square approach in equation (5) and (6) described above.
Initial System level SINR analysis
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]  We consider UMa scenario as shown in Figure 7. Suppose that PRS structure is comb-6, then PRS IDs are modulo by 6 as shown in the Figure 7. We consider UEs in the center hexagon with positions (x,y) = (0,120), (10, 120), …, (250, 120), where ISD = 500m. Suppose these UEs are receiving signal from a neighbour cell (marked blue line) and suffering interference from other cells transmitting PRS on the same REs at the same time (marked red line), which is the colliding condition. For the first initial analysis, we assume all links are LOS and consider only path loss and gNB antenna patterns, which can be treated as deterministic parameters. The shadowing effect and the Doppler effect are not added since a random variable denotes the variation around the mean value. The other detail of environment settings are given in the appendix. 
  Reuse the same settings as above, but consider that comb-6 PRS structure is replaced by comb-4 PRS structure, then the PRS IDs are modulo by 4 as shown in the Figure 8. As can be seen from Figure 8, the interference sources are more that in the comb-6 PRS structure case (signal is marked blue, red and gray lines are interferences).
  In Figure 9 and 10 we show the SNR for each TP-UE link. Note that ISD = 1m in Figure 7 is only for ease of representation. The SNR analysis is given by using ISD = 500m. From Figure 9 and 10, we see that for comb-4 PRS transmission the larger number of interfering cells are encountered for all x-axis positions, while for comb-6 the interference drops sharply as UE moves along +x direction.
  The SINR result is shown in Figure 11. We have the following observation:
Observation 2: Structure of larger comb may have more non-colliding cells and thus lower SINR.  Reducing SINR for small comb structure requires muting some interference TPs, which leads to larger PRS overhead.

[image: ]
Figure 7: [Left] UMa scenario. PRS IDs are modulo by 6
[Right] UE positions (the orange line)
[image: ]
Figure 8: [Left] UMa scenario. PRS IDs are modulo by 4
[image: ]
Figure 9: Single link SNR for comb-6 PRS
[image: ]
Figure 10: Single link SNR for comb-4 PRS
[image: ]
Figure 11: SINR for comb-4,6 PRS
Conclusion
  We have the following observations and proposals:
Observation 1: For every UE-TP link, the delay of the first cluster is set to zero for both LOS/NLOS cases in TR 38.901, which is not applicable for downlink positioning as UEs need to measure TDOA.
Proposal 1: For an UE, the cluster delays of the reference cell remain unchanged after they are generated in step 5.
Proposal 2: For an UE, after all small scale parameters are generated (right after step 9), the cluster delays of a neighbor cell should be added by an offset
,
where 
  : LOS distance between the UE and the reference cell,
  : LOS distance between the UE to the neighbor cell, 
  c:  speed of light, 
  
  for some . 
Note that  is determined once for each link i.
Proposal 3: Set the value  to be 1.37.
Observation 2: Structure of larger comb may have more non-colliding cells and thus lower SINR.  Reducing SINR for small comb structure requires muting some interference TPs, which leads to larger PRS overhead.
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Appendix: Environment Setting
	gNB carrier frequency
	4 GHz

	Bandwidth
	20 MHz

	Thermal noise 
	-174 dB per Hz

	UE Rx noise figure
	9 dB

	UE height
	1.5m

	BS height
	35m

	BS power
	44 dBm

	BS downtilt angle
	200

	BS antenna element polarization 
	450

	gNB Antenna Configuration
	 (M, N, P, Mg, Ng) = (4, 4, 1, 1, 1), 
(dH, dV) = (0.5, 0.8)λ

	gNB Antenna Radiation Pattern
	Directional, 8dBi 
same as Table A.2.1-6: in TR 38.802

	Channel model
	Assume all links are LOS.
Path loss: as in Table 7.4.1-1 in TR 38.901, UMa LOS case
For simplicity, no other factors are considered 
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