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Introduction
In RAN4#97, the RRM requirements for gNB positioning are discussed, and the outcomes are captured in [1]. There are several issues to be further discussed that are generic to all gNB positioning measurement:
· Impact from non-guaranteed SRS transmission
· Es/Iot side condition
· Beam configuration
In this paper we will provide our views on general issues for gNB positioning measurement requirements.
Discussion
Impact from non-guaranteed SRS transmission
	· Further study the impact from non-guaranteed SRS transmission for different methods


In RAN4#97 discussion, some company raised the issue of non-guaranteed SRS transmission. Based on RAN1 specification, UE SRS transmission, including both legacy SRS and positioning SRS, may be dropped due to collision with UE’s other UL transmissions. This causes issues to gNB positioning measurement, especially for neighbour gNB who does not know if the SRS transmission is dropped or not. 
The issue is common for all positioning methods that rely on gNB measurements, and in our view it needs to be handled by NW implementation, e.g. gNB may detect the presence and absence of the SRS transmission before measuring TOA or RSRP from the SRS resource.
For RAN4 requirements, we suggest to define the accuracy numbers based on measurement of a single SRS resource, and obviously the requirements apply provided that the SRS transmission is not dropped. It is noted that defining the requirements based on single shot measurement assumption does not preclude gNB to obtain TOA or RSRP estimation by combining multiple occasions of an SRS resource.
Proposal 1: Define the gNB accuracy requirements based on single shot measurement assumption, and requirements apply provided that the SRS transmission occasion is not dropped.
Es/Iot side condition
	· Accuracy is defined for two different side conditions (two sets of Es/Iot)
· High SNR side condition (Es/Iot1) which corresponds to for example typical serving cell conditions or low interference neighbor cell conditions		
· Low SNR side condition (Es/Iot2) which corresponds to for example typical neighbor cell conditions
· Es/Iot1 and Es/Iot2 are to be derived based on system simulations
· Values of Es/Iot1 and Es/Iot2 are FFS. 


In RAN4#97, the updated system level simulation assumption is agreed in [2]. Next we provide our updated simulation results based on [2] and the following setup and modelling. The main change compared to our results submitted to RAN4#97 is the interference modelling and power control.
· Frequency dependent parameters: FR1, 4GHz carrier, 30kHz SCS, 100MHz BW
· Scenarios: UMa, UMi and InH, as defined in clause 6 of 38.855
· Number of UEs per cell: 1 and 5
· Power control: 
· There are some details on power control, e.g. the setting of parameter p0 and alpha, that are not specified in [2]. More importantly, if the pathloss RS is the neighbor cell SSB or PRS, it is very likely that UE will use the max power so that the SRS can be received by a neighbor gNB. Therefore we only simulated the case where UE transmits with max power i.e. 23dBm, except for InH interference-free scenario. 
· Interference modeling: 
· Intra-cell UEs: as assumed in [2] the comb and/or cyclic shift for UE served by the same cell are planned to be orthogonal, so in the simulation UE #j will cause no interference to any gNB for the  reception of UE #i, if UE #j is served by the same cell as UE #i
· Inter-cell UEs: as assumed in [2] the comb and/or cyclic shift are randomly allocated in each cell, meaning there is no inter-cell coordination, and time offset of SRS transmissions in all cells are same. Therefore, there is a 25% probability (with comb size 4) for UE #j to cause interference to all gNBs for the reception of UE #i, if UE #j is served by a different cell than UE #i. The interference power is counted same as noise power.
· In addition to the 1 or 5 UE per cell scenarios as listed in [2], we also simulated the interference free scenario, meaning when gNB is receiving SRS from a target UE, there is no interference from other UEs. This is the most optimistic case for each deployment scenario.
· 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
	
	Num of UEs per cell
	1st 
	2nd 
	3rd 
	4th 

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

	UMa
	0
	-21.39
	3.78
	-27.00
	-4.37
	-30.31
	-10.82
	-33.04
	-14.02

	
	1
	-26.83
	-1.15
	-35.03
	-12.01
	-40.49
	-18.12
	-40.51
	-23.24

	
	5
	-33.62
	-8.18
	-44.23
	-20.70
	-48.09
	-27.46
	-50.19
	-31.79

	UMi
	0
	0.54
	23.08
	-5.60
	12.86
	-7.42
	7.34
	-11.02
	2.28

	
	1
	-13.33
	9.79
	-22.10
	-4.62
	-27.64
	-11.62
	-29.00
	-17.97

	
	5
	-22.05
	-0.31
	-37.92
	-19.12
	-39.27
	-25.23
	-43.78
	-30.35

	InH
	0 (with power control)
	19.84
	25.42
	15.02
	19.59
	11.64
	16.91
	8.83
	14.84

	
	1
	1.34
	6.95
	-5.64
	-1.27
	-9.00
	-4.48
	-11.20
	-5.65

	
	5
	-6.62
	0.61
	-13.90
	-10.56
	-18.44
	-13.08
	-20.94
	-15.21


Although the results are changed somehow, the observations are still similar as we made in our paper for RAN4#97 [3]. 
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 
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 we only simulated 100MHz BW, and it can be expected that the Es/Iot will improve with small BW, especially for power limited scenarios like UMa. Assuming UE is already transmitting at max power, halving the BW can give roughly a 3dB increase in Es/Iot due to reduced noise power.
Based on Table 1, 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 2: Define two sets of Es/Iot conditions for gNB positioning requirements at -15dB and 3dB, respectively. 
Beam configuration
	· Antenna beam configuration assumption for gNB positioning measurement accuracy follows the approach used in BS specifications: TS 38.104 and TS 38.141-1/2.
· FFS: which of following options correspond to antenna beam configuration assumption in BS specifications for defining gNB positioning measurement accuracy:
· Option 1: 
· Fixed antenna beams are assumed in gNB for deriving accuracy
· Option 2: 
· Accuracy does not depend on antenna beam configuration in gNB i.e. do not assume fixed gNB antenna beams 
· Option 3: 
· gNB antenna beam configuration is not needed in the requirement definition
· Candidate options if the above option 1 is adopted:
· Option 1: 
· Accuracy applies provided beam peak/main beam lobe is directed towards the UE in FR1 and FR2.
· Other options not precluded


In our view, for type 1-O and 2-O BS, the applicability of positioning measurement requirements in terms of spatial directions should follow the same approach as Refsens requirements in 38.104. In 38.104 we have the following requirements.
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The OTA REFSENS requirement is a directional requirement and is intended to ensure the minimum OTA reference sensitivity level for a declared OTA REFSENS RoAoA. The OTA reference sensitivity power level EISREFSENS is the minimum mean power received at the RIB at which a reference performance requirement shall be met for a specified reference measurement channel.
The OTA REFSENS requirement shall apply to each supported polarization, under the assumption of polarization match.


It can be seen that the Refsens requirements are directional requirements, and are applicable for a declared OTA REFSENS RoAoA. It is reasonable that the positioning measurement requirements apply for the same RoAoA. 
However, option 1 in [1] is still unclear to us. The positioning measurement requirements are defined based on certain side conditions, and if a UE is not the direction of the applicable RoAoA, it is likely that the side condition cannot be met, so the requirements do not apply. We still do not see how the beam assumption would impact the side condition or the requirements.  
It is also noted that the OTA REFSENS RoAoA is not necessarily the beam peak/main beam lobe direction, so we not see the need to limit the applicable direction to the beam peak/main beam lobe. For positioning measurement, a gNB will measure SRS from neighbor cell UEs, and it is unrealistic that all the UEs are in the beam peak/main beam lobe direction of a gNB. 
Proposal 3: The positioning measurement requirements apply for the same RoAoA as OTA reference sensitivity requirements for 1-O and 2-O BS. Accuracy requirements do not depend on antenna beam configuration in gNB.
Conclusions
In this paper we provided our views on general issues for gNB positioning measurement requirements.
Proposal 1: Define the gNB accuracy requirements based on single shot measurement assumption, and requirements apply provided that the SRS transmission occasion is not dropped.
Proposal 2: Define two sets of Es/Iot conditions for gNB positioning requirements at -15dB and 3dB, respectively. 
Proposal 3: The positioning measurement requirements apply for the same RoAoA as OTA reference sensitivity requirements for 1-O and 2-O BS. Accuracy requirements do not depend on antenna beam configuration in gNB.
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