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Introduction
In RAN1#85 [1], antenna placement in Indoor scenarios for system-level evaluation assumption was agreed. This contribution analyzes the further details of the system-level evaluation assumptions and deployment scenarios for indoor open office. 
Deployment scenarios for Open-Office scenario
Four TRP antenna modeling are considered indoor open office scenarios:
· Option #1: single-sector.
· Option #2: Three sector.
· Option #3:Wall mounted.
· Option #4: ceiling mount.
The details of each antenna modeling are described in following sections.
Option #1: single-sector
In single-sector based, omni in azimuth dimension and 130 degree 3dB beamwidth in zenith dimension. Detailed antenna element radiation pattern according to below table. Electrical tilting is 90 degree. The parameters given in Table 1
Table 1 
	Antenna element radiation pattern in  dim (dB)
	 =25

	Antenna element radiation pattern in  dim (dB)
	

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element
	[5dBi]



Option #2: Three sector
Each sector has 65 degree 3dB beam width in both zenith and azimuth dimensions. Detailed antenna element radiation pattern according to below table. [110] degree electrical tilting. The parameters are given in table 2.
Table 2
	Antenna element radiation pattern in  dim (dB)
	 =25

	Antenna element radiation pattern in  dim (dB)
	 =25

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element
	[8dBi]



Option #3: Ceiling mount 
TRP is placed below the ceiling.  Sector with 130 degree 3dB beam width in both zenith and azimuth dimensions. Antenna orientation is towards floor. The parameters of antenna are given in Table 3.
Table 3
	Antenna element radiation pattern in  dim (dB)
	 =25

	Antenna element radiation pattern in  dim (dB)
	 =25

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element
	[5dBi]




Option #4: wall mounted
Antenna is wall mounted. Single sector with 90 degree 3dB beam width in both zenith and azimuth dimensions. Antenna orientation is opposite to the wall. Detailed TRP positions FFS. Electrical tilting is 90 degree. The parameters are given in Table 4
Table 4
	Antenna element radiation pattern in  dim (dB)
	 =25

	Antenna element radiation pattern in  dim (dB)
	 =25

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element
	5dBi






There are three deployment options for indoor open office scenario: 
· Deployment option 1: 12 TRPs, 
· The deployment of TRPs for Antenna option #1, #2 and #4 is shown in Figure 1-(a),
· The deployment of TRPs for antenna option #3 is shown in Figure 1-(b)
· Deployment option 2: 6 TRPs
· The deployment of TRPs for Antenna option #1, #2 and #4 is shown in Figure 2-(a),
· The deployment of TRPs for antenna option #3 is shown in Figure 2-(b)
· Deployment option 3: 3 TRPs
· The deployment of TRPs for Antenna option #1, #2 and #4 is shown in Figure 3-(a),
· The deployment of TRPs for antenna option #3 is shown in Figure 4-(b)
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                                (a)                                 (b)
Figure 1: 12 TRPs.
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                                (a)                                 (b)
Figure 2: 6 TRPs.
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                                (a)                                 (b)
Figure 3: 3 TRPs.
Simulation Results
In the following, the LOS angle-based geometry SINR and SIR with the above deployment options and antenna options are evaluated. Three carrier frequencies are simulated: 4 GHz, 30 GHz and 70 GHz. The detailed results can be found in the following sections.
Table 5: Cell-edge performance: interf. vs noise limited
	Number of TRPs
	Cell-edge performance: interf. limited vs. noise limited 

	12
	@ 4, 30, 70 GHz, antenna option 1,2,3,4: interference-limited

	6
	@ 4 GHz, antenna option 1, 2, 3, 4: interference-limited
@ 30 GHz, antenna option 1, 2, 3, 4: interference-limited
@ 70 GHz, antenna option 1, 2, 3, 4: noise-limited

	3
	@ 4 GHz, antenna option 1, 2, 3, 4: interference-limited
@ 30 GHz, antenna option 1, 2, 3, 4: noise-limited
@ 70 GHz, antenna option 1, 2, 3, 4: noise-limited


 Table 1 summarizes the simulation results in terms of whether the cell-edge user (<0dB SINR) is noise limited or interference limited, to understand whether the current TRP density of 12 TRPs is good for the performance evaluations. According to the table, it is clear that 12 TRPs create too much interference at all the carrier frequencies. At 4 GHz, in particular, 3 TRPs seem to be sufficient and perform the best. On the other hand, at 30 and 70 GHz, it is not clear whether 3 TRPs or 6 TRPs are the best among those 3 cases. Other charts are provided below in Figures 4-a and 4b to help understand the situation here. 

Figure 4-a. Percentage of UEs less than 0 dB SINR 

Figure 4-b. Percentage of UEs less than 10 dB SINR
In Figures 4-a and 4-b, percentages of UEs less than 0 dB SINR and 10 dB SINR are respectively shown, as a function of carrier frequency, antenna option and number of TRPs. 
The following observations can be made based on Figures 4-a and 4-b.
Observations:
· At all the 3 carrier frequencies, the best geometry is achieved with 3 TRPs. 
· The best antenna options are different at different carrier frequencies. 
· At 4/30/70 GHz, the best antenna option is option 3 (ceiling mount) at both 0 dB and 10 dB SINR. 
Based on the above observations and potential MIMO deployment for satisfying the eMBB KPIs with 8 MIMO layers, the following is proposed for the indoor open-office scenario.
Proposals:
· At all the carrier frequency, adopt 3 TRP based deployment shown in Figure 3-(a).
· Adopt the antenna patterns as in the following table:
	
	4 GHz
	30 GHz
	70 GHz

	Antenna patterns
	ceiling
	ceiling
	ceiling


· Pattern 1: Ceiling mounted antenna. Each TRP has 1 sector. Antenna has ,  and  dBi. 
· Pattern 2: Ceiling mounted antenna. Each TRP has 1 sector. Omni antenna with G = 5 dBi.
· Adopt the (M,N,P) = (2,2,2) antenna configuration shown in Figure 3, where both the horizontal and the vertical antenna spacing values are 0.5λ. 


Figure 3: Proposed BS antenna option
[bookmark: _Toc426289536]Conclusion
The proposals made in this contribution are summarized below:

Proposals:
· At all the carrier frequency, adopt 3 TRP based deployment shown in Figure 3-(a).
· Adopt the antenna patterns as in the following table:
	
	4 GHz
	30 GHz
	70 GHz

	Antenna patterns
	ceiling
	ceiling
	ceiling


· Pattern 1: Ceiling mounted antenna. Each TRP has 1 sector. Antenna has ,  and  dBi. 
· Pattern 2: Ceiling mounted antenna. Each TRP has 1 sector. Omni antenna with G = 5 dBi.
· Adopt the (M,N,P) = (2,2,2) antenna configuration shown in Figure 3, where both the horizontal and the vertical antenna spacing values are 0.5λ. 
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Appendix A

Results of 3 TRPs
[image: ] [image: ]

Figure A-0: 3 TRPs and 4GHz
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Figure A-1: 3 TRPs and 30 GHz
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Figure A-2: 3 TRPs and 70GHz
Results of 6TRPs
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Figure B-0: 4GHz
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Figure B-1: 30GHz
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Figure B-2: 70GHz
Results of 12 TRPs
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Figure C-0: 4GHz
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Figure C-1: 30GHz
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Figure C-2: 70GHz

4 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	90	52	8	Option 2	12 TRPs	6 TRPs	3 TRPs	34	29	11	Option 3	12 TRPs	6 TRPs	3 TRPs	59	22	2	Option 4	12 TRPs	6 TRPs	3 TRPs	30	28	2	


30 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	89	50	10	Option 2	12 TRPs	6 TRPs	3 TRPs	34	29	12	Option 3	12 TRPs	6 TRPs	3 TRPs	58	21	3	Option 4	12 TRPs	6 TRPs	3 TRPs	71	28	3	


70 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	90	50	10	Option 2	12 TRPs	6 TRPs	3 TRPs	34	30	19	Option 3	12 TRPs	6 TRPs	3 TRPs	59	28	9	Option 4	12 TRPs	6 TRPs	3 TRPs	71	21	7	


4 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	100	98	75	Option 2	12 TRPs	6 TRPs	3 TRPs	75	80	70	Option 3	12 TRPs	6 TRPs	3 TRPs	98	88	50	Option 4	12 TRPs	6 TRPs	3 TRPs	99	95	61	


30 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	100	97	73	Option 2	12 TRPs	6 TRPs	3 TRPs	75	79	71	Option 3	12 TRPs	6 TRPs	3 TRPs	98	86	50	Option 4	12 TRPs	6 TRPs	3 TRPs	99	93	59	


70 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	100	98	73	Option 2	12 TRPs	6 TRPs	3 TRPs	74	81	76	Option 3	12 TRPs	6 TRPs	3 TRPs	91	88	57	Option 4	12 TRPs	6 TRPs	3 TRPs	99	92	64	
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