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Introduction
RRM requirements for gNB positioning measurement are discussed in RAN4#96-e. In particular, simulation assumption for system level [1] and link level [2] are agreed.
In this paper we will provide our simulation results for gNB measurement requirements.
Discussion
0. System level simulations
The purpose of system level simulation is to derive the proper Es/Iot condition for defining the measurement accuracy. In LTE 36.111, the Es/Iot side condition is defined as -16.9dB, and for NR the condition is to be checked for different scenarios. In this section, we will provide our preliminary results for FR1.
· Basic setup: FR1, 4GHz carrier, 30kHz SCS, 100MHz BW
· Scenarios: UMa, UMi and InH, as defined in clause 6 of 38.855
· Interference modeling: Coordinated (no interference from intra-cell or inter-cell UEs), and partially coordinated (no interference from intra-cell UEs)
· UE Tx power: 23dBm
· BS Rx antenna: 2Rx
In Table 1 we show the Es/Iot of a UE’s 4 seen by the strongest cells sorted by SINR. 
Table 1: 5% and mean Es/Iot seen by the strongest cells
	
	Interference modelling
	Number of UEs per cell
	1st 
	2nd 
	3rd 
	4th 

	
	
	
	5%
	mean
	5%
	mean
	5%
	mean
	5%
	mean

	UMa
	Coordinated
	10
	-22.2
	2.3
	-27.3
	-5.2
	-30.2
	-10.1
	-31.6
	-14.6

	UMi
	Coordinated
	10
	4.9
	26
	-1.7
	16.5
	-4.6
	10.8
	-7.5
	5.5

	
	Partially  Coordinated
	2
	-7.3
	-0.4
	-16.4
	-11.7
	-23.4
	-14.4
	-24.8
	-17.5

	InH
	Coordinated
	10
	22.1
	27.9
	17.9
	22.5
	14.5
	19.4
	11.9
	17.9

	
	Partially  Coordinated
	5
	-11.9
	-6.1
	-19.4
	-15.0
	-24.8
	-17.9
	-27.1
	-20.3


Some observations are made as follows.
Observation 1: the Es/Iot condition is quite dependent on the deployment scenario
For example, for UMa, the Es/Iot condition is quite low even in the interference-free scenario. This is due to the large distance between UE and gNB and small Tx power of the UE compared to gNB. While for InH the Es/Iot is quite high if there is no interference from other positioning UEs.
Observation 2: the Es/Iot condition is quite dependent on the interference assumption
For example, for UMi and InH, Es/Iot is high if inter-cell interference is not present (this could happen if positioning gNBs coordinate with each other on the SRS configuration), but in case inter-cell interference is there, the Es/Iot condition degrades a lot (can be up to 30dB).
Observation 3: the Es/Iot condition is also different for different cells
The difference between the 1st strongest and 4th strongest cell can be more than 15dB.
It is noted that the results in Table 1 are only preliminary, and the exact numbers may change e.g. due to power control policy, randomization inter-cell interference, but we believe the above observations are still valid, and based on those, we suggest to define more than one Es/Iot conditions for gNB positioning requirements. One set of condition corresponds to low Es/Iot scenarios, e.g. -15dB or -16.9dB as in LTE, and another set corresponds to high Es/Iot scenarios, e.g. 3dB.
Proposal 1: Define two sets of Es/Iot conditions for gNB positioning requirements at -15dB and 3dB, respectively. 
Link level simulations
The purpose of link level simulations is to select the proper SRS configuration, e.g. those leading to reasonable performance, and derive the accuracy numbers for those configurations. 
In Table 2-4, we show the TOA estimation accuracy (in Tc) for 3 different SNR level with different SCS, where SNR1=-6dB, SNR2=-13dB and SNR3=-17dB.
Table 2: Link level simulation results for TOA estimation with 15kHz 
	RB 
	Comb and Symb
	Channel 

	
	
	AWGN
	TDL-A
	TDL-B
	TDL-C

	
	
	SNR1
	SNR2
	SNR3
	SNR1
	SNR2
	SNR3
	SNR1
	SNR2
	SNR3
	SNR1
	SNR2
	SNR3

	24
	2 + 2
	112.6 
	145.0 
	7671.1 
	126.1 
	5765.1 
	8480.2 
	228.6 
	5325.3 
	8602.8 
	332.6 
	5298.0 
	8487.5 

	
	4 + 4
	114.6 
	158.5 
	7623.4 
	126.4 
	4285.9 
	8657.7 
	245.6 
	5599.7 
	8611.4 
	344.1 
	5749.5 
	8519.2 

	
	8 + 8 
	115.4 
	173.9 
	7844.9 
	125.1 
	5943.7 
	8509.8 
	231.0 
	4825.4 
	8540.3 
	348.2 
	5368.2 
	8553.1 

	
	8 + 12
	114.9 
	125.2 
	873.6 
	126.1 
	348.4 
	7897.4 
	205.7 
	368.9 
	8151.7 
	332.6 
	465.2 
	7776.9 

	52
	2 + 2
	58.1 
	57.7 
	63.7 
	60.4 
	87.9 
	7577.8 
	140.1 
	174.7 
	7742.3 
	393.6 
	421.3 
	8012.1 

	
	4 + 4
	58.0 
	57.3 
	62.5 
	60.5 
	108.1 
	7589.4 
	136.6 
	172.3 
	8060.5 
	388.9 
	413.7 
	7842.7 

	
	8 + 8 
	57.1 
	57.4 
	63.2 
	61.0 
	125.9 
	7635.7 
	141.6 
	174.4 
	8156.7 
	380.8 
	422.9 
	7951.4 

	
	8 + 12
	58.6 
	57.6 
	58.5 
	60.8 
	62.8 
	3563.7 
	122.6 
	142.8 
	5239.6 
	375.8 
	383.1 
	5110.9 

	104
	2 + 2
	28.9 
	29.0 
	29.5 
	47.7 
	50.3 
	2743.4 
	81.6 
	83.1 
	5169.1 
	389.9 
	390.1 
	5180.4 

	
	4 + 4
	29.1 
	28.6 
	28.8 
	44.9 
	60.2 
	3363.3 
	84.9 
	83.2 
	4240.7 
	389.8 
	394.2 
	5214.6 

	
	8 + 8 
	29.8 
	28.8 
	28.6 
	34.5 
	56.1 
	117.5 
	83.1 
	84.4 
	4836.4 
	389.6 
	389.7 
	4370.2 

	
	8 + 12
	29.4 
	29.0 
	29.0 
	40.7 
	40.2 
	65.8 
	83.0 
	82.0 
	95.2 
	394.3 
	390.8 
	401.9 

	264
	2 + 2
	14.5 
	14.5 
	14.4 
	45.1 
	44.8 
	45.5 
	62.3 
	63.9 
	68.4 
	388.4 
	386.6 
	390.5 

	
	4 + 4
	14.4 
	14.4 
	14.1 
	44.9 
	44.7 
	45.9 
	64.8 
	67.0 
	67.4 
	386.8 
	386.8 
	388.7 

	
	8 + 8 
	14.5 
	14.4 
	14.1 
	44.9 
	44.9 
	45.6 
	64.7 
	65.3 
	70.1 
	387.6 
	386.9 
	388.0 

	
	8 + 12
	14.2 
	14.3 
	14.6 
	45.1 
	45.1 
	45.6 
	65.7 
	67.5 
	65.8 
	387.7 
	388.3 
	388.4 


Table 3: Link level simulation results for TOA estimation with for 30kHz
	RB 
	Comb and Symb
	Channel 

	
	
	AWGN
	TDL-A
	TDL-B
	TDL-C

	
	
	SNR1
	SNR2
	SNR3
	SNR1
	SNR2
	SNR3
	SNR1
	SNR2
	SNR3
	SNR1
	SNR2
	SNR3

	48
	2 + 2
	28.6 
	30.2 
	65.3 
	56.2 
	81.0 
	3916.7 
	83.3 
	94.8 
	3984.4 
	388.4 
	405.9 
	4006.1 

	
	4 + 4
	28.6 
	29.9 
	67.3 
	60.8 
	82.2 
	3907.4 
	80.4 
	94.8 
	4136.4 
	390.5 
	401.0 
	4043.4 

	
	8 + 8 
	28.8 
	29.8 
	69.0 
	62.5 
	84.3 
	3957.8 
	84.0 
	95.5 
	4030.5 
	394.0 
	400.1 
	4025.9 

	
	8 + 12
	28.8 
	29.5 
	30.9 
	53.1 
	68.5 
	2405.3 
	82.8 
	86.3 
	3444.9 
	387.0 
	393.7 
	3236.1 

	132
	2 + 2
	14.3 
	14.1 
	14.6 
	45.1 
	45.7 
	47.7 
	66.0 
	66.7 
	1272.6 
	387.1 
	387.5 
	397.8 

	
	4 + 4
	14.4 
	14.2 
	14.1 
	44.3 
	45.2 
	101.5 
	64.1 
	66.3 
	1841.2 
	387.4 
	389.4 
	398.9 

	
	8 + 8 
	14.7 
	14.5 
	14.4 
	45.0 
	45.2 
	47.3 
	63.4 
	64.4 
	1222.4 
	387.6 
	385.7 
	396.3 

	
	8 + 12
	14.3 
	14.6 
	14.5 
	45.1 
	45.3 
	45.9 
	66.7 
	63.3 
	69.9 
	387.3 
	389.2 
	390.0 

	272
	2 + 2
	7.1 
	7.1 
	7.1 
	26.6 
	28.9 
	29.7 
	64.7 
	67.6 
	67.7 
	369.0 
	368.6 
	372.3 

	
	4 + 4
	7.2 
	7.1 
	7.2 
	28.3 
	25.7 
	30.1 
	68.0 
	69.0 
	71.4 
	370.1 
	371.6 
	372.7 

	
	8 + 8 
	7.3 
	7.2 
	7.2 
	26.2 
	25.6 
	29.1 
	68.9 
	67.6 
	71.3 
	369.5 
	371.5 
	374.4 

	
	8 + 12
	7.1 
	7.2 
	7.2 
	25.5 
	25.3 
	29.5 
	68.0 
	69.0 
	71.2 
	370.3 
	372.7 
	370.3 


Table 4: Link level simulation results for TOA estimation with for 120kHz
	RB 
	Comb and Symb
	Channel

	
	
	AWGN
	TDL-C

	
	
	SNR1
	SNR2
	SNR3
	SNR1
	SNR2
	SNR3

	32
	2 + 2
	14.5 
	14.5 
	86.7 
	64.8 
	78.7 
	476.8 

	
	4 + 4
	14.5 
	14.3 
	42.6 
	68.6 
	79.5 
	475.7 

	
	8 + 8 
	14.9 
	14.4 
	55.0 
	64.4 
	76.3 
	463.8 

	
	8 + 12
	14.7 
	14.5 
	14.7 
	65.7 
	69.3 
	380.8 

	64
	2 + 2
	7.1 
	7.2 
	7.2 
	81.3 
	82.2 
	366.1 

	
	4 + 4
	7.1 
	7.2 
	7.2 
	83.1 
	83.9 
	375.0 

	
	8 + 8 
	7.4 
	7.0 
	7.1 
	82.2 
	82.7 
	392.7 

	
	8 + 12
	7.3 
	7.2 
	7.3 
	81.6 
	81.6 
	85.6 

	132
	2 + 2
	3.6 
	3.6 
	3.6 
	72.0 
	72.1 
	79.0 

	
	4 + 4
	3.6 
	3.6 
	3.5 
	73.2 
	71.9 
	79.0 

	
	8 + 8 
	3.6 
	3.6 
	3.5 
	72.8 
	73.0 
	78.8 

	
	8 + 12
	3.6 
	3.6 
	3.6 
	71.3 
	72.3 
	73.1 


From the tables, we can observe that
Observation 4: The performance is very dependent on SNR conditions.
For example, with same SRS configuration of comb-2 and 2-symbol and 24RB BW, the TOA estimation can work for SNR down to -13dB but does not work for -17dB SNR.
Observation 5: The performance difference between different comb and symbol size is mainly seen at low SNR and small BW.
For some cases with low SNR and small BW, comb-8 with 12-symbol may work while other SRS configuration does not. However, the performance for different SRS configurations are quite similar when TOA estimation can work also for small comb and symbols size.
Observation 6: The performance are quite dependent on the channel profile. 
Similar as UE side, the best accuracy performance is always seen under AWGN, and fading channel will lead to degradations. In particular, TLD-C channel gives worst performance and it cannot be helped by increasing the BW. 
Observation 7: The accuracy improves in proportion with BW in Hz due to better resolution.
This is aligned with the expectation and can be most obviously seen in AWGN. 
As to the SRS configuration for defining the accuracy:
· BW: we suggest to define separate accuracy requirements for different SRS BWs. The SRS BWs in [2] can be used as a starting point, except 24 RB with 15kHz SCS (the performance is not satisfactory for this case). 
· Comb and symbol size: we suggest to define the accuracy requirements agnostic to comb and symbols size. RAN4 should then pick up proper combination of {BW, SNR} such that TOA estimation for all comb and symbol sizes can work.
Proposal 2: RAN4 to define accuracy requirements for multiple SRS BWs larger than 24 RB.
Proposal 3: RAN4 to define the accuracy requirements agnostic to comb and symbols size.
Conclusions
In this paper we provided our simulation results for gNB measurement requirements.
System level
Observation 1: the Es/Iot condition is quite dependent on the deployment scenario
Observation 2: the Es/Iot condition is quite dependent on the interference assumption
Observation 3: the Es/Iot condition is also different for different cells
Proposal 1: Define two sets of Es/Iot conditions for gNB positioning requirements at -15dB and 3dB, respectively. 
Link level
Observation 4: The performance is very dependent on SNR conditions.
Observation 5: The performance difference between different comb and symbol size is mainly seen at low SNR and small BW.
Observation 6: The performance are quite dependent on the channel profile. 
Observation 7: The accuracy improves in proportion with BW in Hz due to better resolution.
Proposal 2: RAN4 to define accuracy requirements for multiple SRS BWs larger than 24 RB.
Proposal 3: RAN4 to define the accuracy requirements agnostic to comb and symbols size.
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