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Introduction
In RAN4#92-Bis meeting, a WF on system-level simulations for DL PRS-RSTD and PRS-RSRP was agreed [1] with further agreements from chairman’s notes as shown below:
Agreement:
FR2 Beam modeling
· Option 1: Beams are not explicitly modelled 
· Option 2: Beams are explicitly modelled
Power boosting
· no power boosting, power boosting (3 dB for all combs)
· Interested companies can bring results for 6dB power boosting. RF feasibility of 6dB power boosting has to be considered from BS point of view.


In this paper, partial simulation results are presented.
Simulation Assumptions
PRS beamforming: In the following simulation results, PRS Tx beamforming is assumed by subsampling the number of antenna elements of each deployment scenario. For FR1 2 GHz and 4 GHz simulation results, 4 and 8 beams are assumed corresponding to 4 and 8 PRS resources per PRS resource set, respectively. For FR2 simulation results, the number of beams in 30GHz band is assumed to be 64 corresponding to 64 PRS resources per PRS resource set.

PRS measurement interval: all PRS resources are measured within one PRS instance with no cross-combining of measurements across periods
PRS Muting: In the simulation results with PRS muting, muting option 2 per RAN1 agreement below is used which means in each instance of a PRS resource set, all PRS resources of the set (or TRP) are either muted or unmuted. 
 
PRS symbol overhead and orthogonality: For comb-2/2-symbol configurations the same 2 symbols in each slot were used by all TRPs, and for the comb-6/6-symbol configuration the same 6 symbols in each slot were used by all TRPs.  Thus, the comb-6/6-symbol configurations had 3 times the DL-PRS overhead of the comb-2/2-symbol configurations.  Similarly, the comb-2/2-symbol configurations had only 2 orthogonal groups for the 57 TRPs, while the comb-6/6-symbol configurations had 6 orthogonal groups for the same 57 TRPs.  The former configurations had 3 times the signal reuse compared to the latter configurations which has significantly less signal congestion.

Agreement:
A bitmap for DL PRS muting is configured for a DL PRS Resource Set. The following options are supported for the applicability of the bitmap.
· Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource set
· All DL-PRS Resources within a DL-PRS Resource Set instance are muted for a DL-PRS Resource Set instance that is indicated to be muted by the bitmap
· Option 2: 
· Each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set (The length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor)
· The above applies to all instances of the DL-PRS Resource Set that the above DL-PRS Resources are part of.
· Bitmap size values: 2, 4, 8, 16, 32 bits
· FFS: Configuration of bitmaps corresponding to both options at the same time to the UE


Simulation Results
Tables 1 – 4 summarize the available simulation results. SNR1 – SNR5 correspond to 5-percentile of CDF of the 1st – 5th strongest TRP; with strongest PRS resource from each resource set (TRP) selected. In the last column, the 80-percentile positioning error in meters is presented. Repetition factor of 4 was not simulated due to lack of time but the results shall fall between repetition factors of 2 and 6.
Table 1 Simulation results for UMi 2 GHz channel model
	BW
	Comb / symbol
	Repetition
	Muting
	Power boost
	SNR1 (dB)
	SNR2 (dB)
	SNR3 (dB)
	SNR4 (dB)
	SNR5 (dB)
	80% Error (m)

	50
	2
	1
	OFF
	3
	0.3
	-8.1
	-19
	-23.9
	-26.8
	> 50

	50
	6
	1
	OFF
	3
	10.6
	3.7
	0.9
	-2.2
	-6.2
	15

	50
	2
	4
	OFF
	3
	0
	-8.3
	-19
	-23.4
	-26.8
	> 50

	50
	6
	4
	OFF
	3
	10.5
	3.8
	0.8
	-2
	-6.3
	12.5

	50
	2
	4
	ON
	3
	5.5
	0.5
	-4.3
	-9.4
	-16.6
	16

	50
	6
	4
	ON
	3
	22.1
	13.6
	11.5
	7
	3.9
	6.8

	50
	2
	16
	ON
	3
	5.1
	0.5
	-4.4
	-8.5
	-16.2
	11

	50
	6
	16
	ON
	3
	22.2
	14.1
	11.5
	7.5
	3.8
	5.3

	50
	2
	16
	OFF
	3
	0.4
	-8.5
	-18.5
	-23.2
	-24.5
	> 50

	10
	2
	16
	OFF
	3
	0.1
	-8.4
	-18.4
	-23.2
	-26.4
	> 50

	50
	2
	16
	OFF
	3
	11.3
	4
	1
	-2
	-6.2
	8.8

	10
	6
	16
	OFF
	3
	11
	3.8
	0.9
	-2.1
	-6.2
	23



Table 2 Simulation results for UMi 4 GHz channel model
	BW
	Comb / symbol
	Repetition
	Muting
	Power boost
	SNR1 (dB)
	SNR2 (dB)
	SNR3 (dB)
	SNR4 (dB)
	SNR5 (dB)
	80% Error (m)

	100
	2
	1
	OFF
	3
	-0.5
	-8.7
	-20.1
	-23.2
	-25.3
	> 50

	100
	6
	1
	OFF
	3
	10.3
	4.7
	1
	-2
	-6.7
	10

	100
	2
	4
	OFF
	3
	-0.7
	-8.5
	-20.1
	-23.5
	-25.4
	> 50

	100
	2
	4
	ON
	3
	4.4
	0.5
	-3
	-8.7
	-12.8
	11

	100
	6
	4
	OFF
	3
	10.1
	4.4
	0.6
	-1.5
	-6
	7.1

	100
	6
	4
	ON 
	3
	19.8
	14.5
	10.6
	6.3
	4.5
	4.3

	100
	2
	16
	ON
	3
	4.6
	0.4
	-3
	-9
	-13.1
	6.2

	100
	6
	16
	ON
	3
	20
	14.4
	10.6
	6.3
	4.5
	3.8

	100
	2
	16
	OFF
	3
	-0.5
	-8.3
	-19.8
	-22.4
	-24.6
	> 50

	20
	2
	16
	OFF
	3
	0
	-8
	-19.7
	-22.5
	-25
	> 50

	100
	6
	16
	OFF
	3
	10.2
	4.2
	1
	-2
	-6.9
	6

	20
	6
	16
	OFF
	3
	10.7
	4.2
	0.9
	-2.1
	-6.9
	14



Table 3 Simulation results with UMa 4 GHz channel modem (indoor first row and outdoor second row)
	BW
	Comb / symbol
	Repetition
	Muting
	Power boost
	SNR1 (dB)
	SNR2 (dB)
	SNR3 (dB)
	SNR4 (dB)
	SNR5 (dB)
	80% Error (m)

	100
	6
	1
	OFF
	3
	3.0 
	 -4.6
	-9.8 
	 -12
	 -15.3
	 > 50

	
	
	
	
	
	 11.8
	5.7 
	 1.8
	 -1.4
	-9 
	

	100
	6
	4
	OFF
	3
	 1.4
	 -6.5
	 -11.5
	 -15.1
	-19.1 
	50

	
	
	
	
	
	 11.9
	 5.7
	 1.7
	 -1.4
	-9.1 
	

	100
	2
	4
	ON
	3
	1.5
	-6.4
	-11.5
	-14.5
	-19.5
	> 50

	
	
	
	
	
	5.1
	0.3
	-3.3
	-7.6
	-12.2
	

	100
	6
	4
	ON
	3
	4.3
	-4.2
	-7.5
	-10.2
	-12.3
	40

	
	
	
	
	
	18.3
	13.6
	9.7
	6.9
	4.1
	

	100
	6
	16
	ON
	3
	4.2
	-0.39
	-8
	-10.2
	-12
	36

	
	
	
	
	
	18.3
	13.5
	10
	6.9
	4.3
	

	100
	2
	16
	OFF
	3
	-0.8
	-18
	-27.5
	< -30 
	< -30
	> 50

	
	
	
	
	
	0.5
	-12
	-22.8
	-26.7
	< -30
	

	20
	2
	16
	OFF
	3
	0.2
	-16.5
	-27.5
	< -30 
	< -30
	> 50

	
	
	
	
	
	0.6
	-12.44
	-22.8
	-26.2
	< -30
	

	100
	6
	16
	OFF
	3
	3
	-4.4
	-9.8
	-11.7
	-15.3
	50

	
	
	
	
	
	12.1
	5.7
	1.5
	-1.4
	-9.2
	



Table 4 Simulation results for UMi 30 GHz channel model
	BW
	Comb / symbol
	Repetition
	Muting
	Power boost
	SNR1 (dB)
	SNR2 (dB)
	SNR3 (dB)
	SNR4 (dB)
	SNR5 (dB)
	80% Error (m)

	100
	6
	1
	OFF
	3
	9.1
	1.6
	-1.5
	-5.6
	-9.7
	28

	100
	2
	1
	OFF
	3
	1.7
	-12.6
	-22
	-26.7
	-28.1
	> 50

	100
	6
	4
	OFF
	3
	9.1
	1.7
	-1.6
	-5.6
	-9.8
	16

	100
	2
	4
	OFF
	3
	1.8
	-12.5
	-22.1
	-26.3
	-28.2
	> 50

	200
	2
	4
	ON
	3
	6
	0.3
	-6.4
	-13.9
	-17.4
	10

	200
	6
	4
	ON
	3
	12.1
	5.7
	2.1
	-0.3
	-3.9
	5

	200
	2
	16
	ON
	3
	5.9
	0.3
	-6.4
	-13.7
	-17.2
	6.2

	200
	6
	16
	ON
	3
	12.1
	5.6
	2.1
	-0.3
	-3.8
	3.6

	200
	2
	16
	OFF
	3
	1.5
	-12.2
	-21.7
	-26.6
	-29
	> 50

	100
	2
	16
	OFF
	3
	1.9
	-12.4
	-21.9
	-26.4
	-28.5
	> 50

	200
	6
	16
	OFF
	3
	8.5
	1.5
	-2.3
	-6.1
	-10
	6.7

	100
	6
	16
	OFF
	3
	8.9
	1.5
	-1.7
	-5.6
	-9.8
	10




The following observations can be made based on the above tables:
Observation 1. PRS BW does not play a role in PRS SINR CDF’s if other parameters (comb pattern, repetition factor, muting pattern, …) are the same and interference-limited scenarios. Since PRS SINR CDF’s are calculated based on pre-combined PRS EPRE, the PRS SINR CDF are approximately the same regardless of PRS BW. In noise-limited scenarios, increasing PRS BW improves the performance. 
Observation 2. In no muting scenarios, if comb pattern and power boost are the same, the repetition factor does not play a role in PRS SINR CDF’s. This is because the level of interference and noise do not change from one repetition to another. In muting scenarios with 50% probability, the results are also quite similar for different repetition factors given the same comb pattern and power boost. In order to make a significant improvement in SINR CDF’s, muting pattern should be more aggressive (more than 50% chance of muting).
Observation 3. Power boosting does not change the SINR CDF’s significantly given no muting pattern or even 50% muting pattern as all the scenarios are interference limited. Some of the permutations in each Tables 1-4 were examined with 0 dB power boost and the results did not change. 
Observation 4. With no muting or even 50% muting, UMa scenario needs comb-6 with 6 symbols to meet the regulatory requirement. Although 50% muting helps in improving the performance, the margin is not large and more aggressive muting is needed to reach safer margin. 
Observation 5. For FR2, repetition factor of at least 2 or greater is needed to enable UE Rx beam sweeping. 
The comb-2/2-symbol configurations were afforded 3 times less OFDM orthogonality than the comb-6/6-symbol configurations, which had 3 times the overhead.  Since power boost was kept constant, we expect that a fixed overhead configuration of comb-2/2-symbols utilizing 3 pairs of non-overlapping symbols (6 symbols in total) would have performed identically to the comb-6/6-symbol configurations because both options would have a total orthogonality level of 6.  Three pairs of comb-2/2-symbols have 3 TDM groups for each of the 2 OFDM groups, while the comb-6/6-symbol have 6 time-overlapping OFDM groups.
Observation 6. The results are mainly driven by the level of orthogonality used in the signal configurations.
It is also noted that in system level assumptions during the SI phase assumes smaller inter-site distance (ISD) compared to LTE. As such and considering the Tables 1-4, it is proposed that:
Proposal 1. For FR1, the minimum DL PRS Es/Iot for reference cell and neighbor cells to be -3 dB and -13 dB, respectively. 
Proposal 2. For FR2, the minimum DL PRS Es/Iot for reference cell and neighbor cells to be 0 dB and -10 dB, respectively. 
Conclusions
Observation 1. PRS BW does not play a role in PRS SINR CDF’s if other parameters (comb pattern, repetition factor, muting pattern, …) are the same and interference-limited scenarios. Since PRS SINR CDF’s are calculated based on pre-combined PRS EPRE, the PRS SINR CDF are approximately the same regardless of PRS BW. In noise-limited scenarios, increasing PRS BW improves the performance. 
Observation 2. In no muting scenarios, if comb pattern and power boost are the same, the repetition factor does not play a role in PRS SINR CDF’s. This is because the level of interference and noise do not change from one repetition to another. In muting scenarios with 50% probability, the results are also quite similar for different repetition factors given the same comb pattern and power boost. In order to make a significant improvement in SINR CDF’s, muting pattern should be more aggressive (more than 50% chance of muting).
Observation 3. Power boosting does not change the SINR CDF’s significantly given no muting pattern or even 50% muting pattern as all the scenarios are interference limited. Some of the permutations in each Tables 1-4 were examined with 0 dB power boost and the results did not change. 
Observation 4. With no muting or even 50% muting, UMa scenario needs comb-6 with 6 symbols to meet the regulatory requirement. Although 50% muting helps in improving the performance, the margin is not large and more aggressive muting is needed to reach safer margin. 
Observation 5. For FR2, repetition factor of at least 2 or greater is needed to enable UE Rx beam sweeping. 
Observation 6. The results are mainly driven by the level of orthogonality used in the signal configurations.
Proposal 1. For FR1, the minimum DL PRS Es/Iot for reference cell and neighbor cells to be -3 dB and -13 dB, respectively. 
Proposal 2. For FR2, the minimum DL PRS Es/Iot for reference cell and neighbor cells to be 0 dB and -10 dB, respectively. 
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