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1. Introduction
[bookmark: _GoBack]The scenario “Urban coverage for massive connection” for NR evaluations is described in section 6.1.7 of TR 38.913 [1]. Relevant KPIs for this scenario include e.g. latency for infrequent small packets (section 7.6 of [1]) and coverage (section 7.10 of [1]), both of which are specified to be evaluated against a maximum coupling loss (MCL) of 164 dB. The evaluation assumptions for this scenario are specified in Table A.2.1-3 of 38.802 [2], with relevant parameters copied below for convenience. 
During the RAN1#86 meeting some concern was raised whether the agreed evaluation assumption could result in 164 dB maximum coupling loss [3], and as a result an email discussion [86-25] on calibrating the path loss model was initiated. The aim of this email discussion was to compare the companies’ implementations of the agreed evaluation model and compare it with the 164 dB MCL tail required for the KPI evaluation. The results of the calibration were circulated in an excel file on the RAN1 reflector. For the relevant scenario of UE antenna height according to TR 36.873 the 95th percentile of the coupling loss is around 150 dB and the 99th percentile is around 154 dB. From this it could be concluded that the existing evaluation assumptions including the path loss model falls short of generating the 164 dB MCL. 
In this contribution we discuss how the evaluation assumptions can be modified to achieve the 164 dB MCL target per the conditions required for the KPI evaluations. 
[bookmark: _Ref463012429]Table 1 System level evaluation assumptions for urban coverage and massive connection density [2].
	Parameters
	Value

	Layout
	Single layer: 
 - Macro layer: Hex. Grid 

	Inter-BS distance 
	1732 m 

	Carrier frequency 
	700 MHz 

	Channel model
	3D UMa 
Take 5GCM output into account if applicable

	BS antenna configurations
	Rx: 2 and 4 ports (8 as optional) 

	BS antenna height 
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss 

	UE antenna gain
	-4 dBi

	UE antenna height
	1.5m

	UE distribution
	Follow the modeling of TR36.873 



2. Discussion
As mentioned in the introduction, the agreed evaluation assumptions for the “Urban coverage for massive connection” scenario are not able to produce the 164 dB MCL needed for the KPI evaluations.
Observation1: The agreed evaluations assumptions in TR 38.802 for Urban coverage for massive connection are not compatible with the 164 dB MCL needed for KPI evaluation per TR 38.913.
From this observation it is obvious that some modification of the evaluation assumptions is needed. Based on the information in Table 1 above it can be suggested to address this discrepancy by either modifying the channel model or by modifying the antenna gain. We will address both options below.
2.1. Path loss model 
The agreed channel model “3D UMa” refers to the model for the urban macro scenario in [4] which contains a path loss model and a building penetration loss model. The latter is a rather simple model consisting of a fixed 20 dB penetration loss plus an additional 0.5 dB/m loss for devices located deeper into the building. The indoor depth is randomly generated within the range 0-25 m, resulting in a total outdoor-to-indoor loss between 20 dB and 32.5 dB. This can be compared with the simulation assumptions used in the NB-IoT study [5] where significantly higher building penetration loss was used to model the margins needed for e.g. devices in deep indoor conditions. 
A simple remedy would then be to increase the building penetration loss for a certain fraction of the indoor devices to represent those located in e.g. basements or other deep indoor locations. This could have the form of an additional loss from a uniform distribution between Y1 and Y2 dB applied to X% of the indoor users. The adjustment should be made on a per UE basis, i.e. all links to a certain UE should experience the same additional loss. By adjusting X, Y1, and Y2, the tail of the coupling loss distribution can be adjusted to meet the 164 dB target. 
2.2. Antenna model
The agreed model assumes an 8 dBi BS antenna element gain and 2 or 4 Rx ports. For comparison, the vast majority of existing sites at low bands such as 700 MHz are equipped with higher gain sector antennas typically equipped with cross-polarized antennas. To make the evaluations relevant for operators with existing or planned deployments at low bands it can therefore be argued that the antenna model for the evaluations should be adjusted. A useful model would be to use (M,N,P,Mg,Ng) = (6,1,2,1,Nrx/2) with each TXRU mapped to a single panel of 6 elements rather than to a single element. The antenna gain of each panel (column) including the element and array gain then becomes 16 dBi which represents a quite typical BS antenna at 700 MHz. 
2.3. Evaluation
The path loss calibrations were performed with the 8 dBi element model and the 3D UMa channel model. Here we experiment with combinations of the added penetration loss discussed in section 2.1 and the revised antenna model described in section 2.2. By trial and error, it was found that the model settings in Table 2 resulted in approximately the desired MCL of approximately 164 dB. 
[bookmark: _Ref462995463]Table 2 Model parameters and resulting coupling loss percentiles for proposed additional building penetration loss.
	
	Antenna model
	X [%]
	Y1 [dB]
	Y2 [dB]

	Proposal
	(M,N,P,Mg,Ng) = (6,1,2,1,Nrx/2)
One TXRU per panel resulting in 16 dBi
	25
	10
	24



The configuration shown in the above table is also verified by the CDF shown in Figure 1. 
[image: ]
[bookmark: _Ref462995629]Figure 1 Coupling loss distributions for the existing mMTC evaluation assumption with an additional proposed BPL added. 
Based on this investigation we propose to adjust the evaluation assumptions for the scenario “Urban coverage for massive connection” according to the settings in table 2, i.e. to apply an additional building penetration loss of U(10,24) dB to 25% of the indoor users, and modify the BS antenna configuration to (M,N,P,Mg,Ng) = (6,1,2,1,Nrx/2) with each TXRU mapped to a single panel.
Proposal: Add an additional building penetration loss of U(10,24) dB for 25% of the indoor users, and modify the BS antenna configuration to (M,N,P,Mg,Ng) = (6,1,2,1,Nrx/2) with each TXRU mapped to a single panel
3. Conclusions
In this contribution we have investigated means to adapt the path loss model for the “Urban coverage for massive connection” scenario to meet the agreed 164 dB maximum coupling loss. The conclusion can be summarized in the following proposal:
Proposal: Add an additional building penetration loss of U(10,24) dB for 25% of the indoor users, and modify the BS antenna configuration to (M,N,P,Mg,Ng) = (6,1,2,1,Nrx/2) with each TXRU mapped to a single panel
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