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1 Introduction
In the RAN#84bis meeting, deployment scenarios along with system-level evaluation assumptions for NR were agreed. Further, in RAN#85bis meeting, the candidate antenna configuration and the TRP placement in indoor hotspot (InH) scenarios were decided for further study. This contribution provides the comparison of the agreed candidates for antenna configurations and TRP deployment in InH scenario, focusing on large-scale downlink SINR distributions at the UE.
2 Discussion
Four alternatives (Alternative-1 to Alternative-4) agreed for further study are provided in Tables 1-4. The main difference between the alternatives lies in antenna element radiation pattern along with its deployment location within indoor. Alternative-1 in Table 1 has directional antenna element radiation pattern only for the zenith angle, whereas that of azimuth angle is set to be omni-directional. Furthermore, Alternative-1 takes into account a single sector per transmission-reception point (TRP). In contrast, Alternative-2 in Table 2 considers three sectors per each TRP and directional antenna element radiation pattern for both zenith and azimuth angles.
On the other hand, Alternatives-3 and 4 have wall-mounted and ceiling-mounted antenna elements, respectively. Both of them consider a single sector per TRP and directional antenna element radiation pattern for both zenith and azimuth angles. It is worth mentioning that the antenna orientation or physical tilt angle is the opposite direction of walls or ceiling in Alternatives-3 and 4, respectively. Further, we note that the TRP deployment in the scenario of Alternative-3, wall-mounted antenna elements, is portrayed in right two subfigures of Figure 1 depending on the number of TRPs, i.e., 12 TRPs or 6 TRPs.


Table 1. Alternative-1: single sector/TRP; Omni-directional antenna in azimuth
	Configuration
	Antenna radiation pattern

	Antenna element radiation pattern in  [dB]
	 = 25

	Antenna element radiation pattern in  [dB]
	

	Combining method for 3D antenna element pattern [dB]
	

	Maximum directional gain of an antenna element
	5 [dBi]




Table 2. Alternative-2: three sectors/TRP; directional antenna in both azimuth and zenith
	Configuration
	Antenna radiation pattern

	Antenna element radiation pattern in  [dB]
	  = 30

	Antenna element radiation pattern in  [dB]
	 =25

	Combining method for 3D antenna element pattern [dB]
	

	Maximum directional gain of an antenna element
	8 [dBi]



Table 3. Alternative-3: wall-mounted antenna; single sector/TRP; directional antenna in both azimuth and zenith
	Configuration
	Antenna radiation pattern

	Antenna element radiation pattern in  [dB]
	  = 25

	Antenna element radiation pattern in  [dB]
	 =25

	Combining method for 3D antenna element pattern [dB]
	

	Maximum directional gain of an antenna element
	5 [dBi]



Table 4. Alternative-4: ceiling-mounted antenna; single sector/TRP; Antenna orientation is toward floor.
	Configuration
	Antenna radiation pattern

	Antenna element radiation pattern in  [dB]
	    = 25

	Antenna element radiation pattern in  [dB]
	    =25

	Combining method for 3D antenna element pattern [dB]
	

	Maximum directional gain of an antenna element
	5 [dBi]



Left subfigures in Figure 1 illustrate TRP deployment for Alternatives-1,2 and 4 in the horizontal plane (floor). In case of 12 TRPs, inter-site distance (ISD) is 20 m all the time in x and y-axes; while for 6 TRPs, the ISDs are 40 m and 20 m, respectively, in x and y-axes. Notice that Alternative-3 may have different TRP deployment along the wall, in particular, by utilizing the walls parallel with the y-axis.
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Figure 1: Illustration of TRP/UE deployment and indoor layout: the scenarios of 12 and 6 TRPs; wall-mounted (right subfigures) and non-wall-mounted (left subfigures)

Figures 2 and 3 show SINR distribution for the aforementioned four alternatives with the number of TRPs of 12 and 6. For the fair comparison, a single antenna element at each TRP was considered; multiple antenna elements per TRP, i.e., 10 antenna elements in the vertical antenna array, were used for comparison in Figure 4 and 5. It can be seen that SINR performance can be Alternative-2 < Alternative-1 < Alternative-3 < Alternative-4. However, it is noteworthy that Alternative-2 is utilizing 3 sectors per TRP; therefore, it potentially offers higher cell splitting gains at the cost of the increased interference.


[image: ]
Figure 2: SINR distribution for the candidates of antenna configurations/deployment in the scenario of indoor open office: single antenna element at each TRP, 12 TRPs
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Figure 3: SINR distribution for the candidates of antenna configurations/deployment in the scenario of indoor open-office: single antenna element at each TRP, 6 TRPs
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Figure 4: SINR distribution for the candidates of antenna configurations/deployment in the scenario of indoor open-office: 10-element vertical antenna array at each TRP; 12 TRPs
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Figure 5: SINR distribution for the candidates of antenna configurations/deployment in the scenario of indoor open-office: 10-element vertical antenna array at each TRP; 6 TRPs

The comparison of Alternatives 1, 2 and 3 for more than one antenna element is shown in Figures 4 and 5 for 12 and 6 TRPs, respectively. In the evaluation, 10-element vertical antenna array was considered. Alternative-4 is not considered in the comparison, since a linear antenna array does not fit to the considered ceiling-mounted deployment scenario. It can be seen that the order of better CDF curves for SINR is in an agreement with those in Figures 2 and 3. One exception is the SINR performance for Alternative-3. The wall-mounted antenna deployment described in Figure 1 will cause more serious interference, since a TRP antenna array is seeing the other TRP antenna array on the opposite wall in terms of their boresight directions in the azimuth angle domain.
Summary
In this contribution, we provide the comparison of the agreed candidates for antenna configurations and TRP deployment in InH scenario. The following observations were made based on the large-scale downlink SINR distributions at the UE:
· For single antenna element TRP, the large-scale downlink SINR is Alternative-2 < Alternative-1 < Alternative-3 < Alternative-4. The ceiling-mounted TRP may cause better performance than other agreed candidates.
· For the multiple-element TRP antenna array, wall-mounted TRP confronts SINR deterioration since a TRP antenna array is seeing the other TRP antenna array on the opposite wall in terms of their boresight directions in the azimuth angle domain.
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