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Introduction
In RAN1#85 [1], antenna placement in outdoor micro cell scenarios for system-level evaluation assumption was agreed. This contribution analyzes the further details of the system-level evaluation assumptions and deployment scenarios for dense urban. 
Deployment Scenarios of Dense Urban
Deployment of Dense Urban: micro layer
In the deployment scenario of dense urban, the inter-site distance of macro sites are 200 meters. Each macro site has three macro sectors. There are three micro TRP deployment cases:
· 3 TRPs per macro sector.
· 6 TRPs per macro sector;
· 9 TRPs per macro sector;
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	(a) 3TRPs
	(b) 6 TRPs
	(c) 9 TRPs


Figure 1: User dropping in small cells in Dense urban
The micro TRPs and UE dropping are illustrated in Figures 1a, 1b and 1c for the above three scenarios, respectively. 
The TRP dropping method agreed in RAN1#85 has issues, related to (1) minimum drop distance and (2) indoor distance. 
Firstly, the minimum distance between TRPs and UE cluster radius are shown in Table 1. As seen from the table, the UE dropping radius around a small-cell TRP can be as small as 16m, which is comparable to the minimum drop distance considered in legacy evaluation methodologies, 10m. Hence, the resulting UE dropping patterns are thin donuts around small-cell TRPs, and the donut gets thinner as number of TRPs in a macro sector increases. 
Table 1. 
	Number of the micro TRPs per macro TRP
	Minimum distance between Micro TRPs (m)
	Radius of UE dropping within a cluster: R (m)

	3
	57.9
	<28.9

	6
	42.4
	<21.2

	9
	32
	<16



[bookmark: _GoBack]Secondly, the indoor distance for indoor UE is generated as min of {U[0, 25], U[0, 25]}, which could be up to 25 meters and is comparable to or even larger than the micro TRP radius. The total distance, i.e., the sum of indoor and outdoor distances, can be much larger than the micro TRP radius. This creates a problem. Increasing the number of TRPs does not reduce the total distance proportionally that is used in the path loss calculation. This results in noise-limited situations for all of 3, 6 and 9 TRP cases in 30GHz and 70GHz, which can be found in Appendix when comparing SIR and SINR for a same setting. In addition, user SINR cdf gets even worse as the number of TRPs increases, as shown in Figure 2. The details for Figure 2 (including evaluation assumptions, antenna modeling, etc. can be found in the appendix).

Figure 2-a. Percentage of UEs less than 0 dB SINR 

Figure 2-b. Percentage of UEs less than 10 dB SINR
The min dropping distance in UMi is 10 meters, which also corresponds to the left edge of the validity range of UMi path loss in the channel model defined in TR 38.900. So the outdoor distance should be at least 10 meters. So one possibility is to calculate the outdoor distance for indoor UEs as follows:

where


However, this method still does not solve the problem of having the total distance larger than the micro TRP radius, especially when the number of TRPs is large. Hence, more study seems to be necessary on how to revise the micro TRP dropping, minimum distance modeling, and indoor/outdoor distance modeling. 
[bookmark: _Toc426289536]Conclusion
The observations and proposals made in this contribution are summarized below:

Observation: 
· Increasing the number of TRPs does not reduce the total distance proportionally that is used in the path loss calculation. 
· All deployments with the 3, 6, and 9 TRPs in 30 and 70 GHz deployment are noise-limited, and user SINR cdf get even worse as the number of TRPs increases.
· This problem is to do with the methodologies used for modeling micro TRP dropping, minimum distance, and indoor/outdoor distance.
Proposal:
· Study how to model the micro TRP dropping, minimum distance, and indoor/outdoor distance for dense urban scenario.
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Appendix A
Antenna configurations
Four options for outdoor micro cell TRP antenna element model/placement are considered:
· Option 1: Omni in horizontal, directional in vertical with HPBW =  and 4 dBi;
· Option 2: 1 sector TRP, HPBW =  for both horizontal and vertical direction, 8dBi, TRP horizontal orientation according to TR 36.897 non co-channel hethet;
· Option 3: 3-sector TRP, HPBW =  for both horizontal and vertical direction, 8dBi. Azimuth orientation of TRP antenna is random
· Option 4: 3-sector TRP, HPBW =  for both horizontal and vertical direction, 8dBi. Azimuth orientation of TRP antenna is according to TRP deployment.
The total transmit power for micro BS is (as agreed in RAN1 #85)
· 33dBm for 4GHz 
· and 33 dBm for > 6GHz
BS height of micro TRP is 10m. UE noise figure: 9 dB for < 6GHz, 13dB for > 6GHz. Three carrier frequencies are simulated: 4GHz, 30 GHz and 70 GHz
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. Probability of high penetration loss is 20%. 
Table A: Cell-edge performance: interf. vs noise limited
	Number of TRPs
	Cell-edge performance: interf. limited vs. noise limited 

	9
	@ 4, 30, 70 GHz, antenna option 1,2,3,4: interference-limited
@ 30,70 GHz, antenna option 1, 2, 3, 4: noise-limited

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

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



Table A summarizes the simulation results in terms of whether the cell-edge user (<0dB SINR) is noise limited or interference limited. At 4 GHz, all deployment scenarios are interference-limited. On the other hand, at 30 and 70 GHz, all deployment scenarios are noise-limited. The reason is because the large penetration loss for those indoor UEs, which are 80% of all the UEs. 
Geometry result for 3TRPs
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Figure A-0: 3TRP/4GHz
[image: ][image: ]
Figure A-1: 3TRP/30GHz
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Figure A-2: 3TRP/70GHz
Geometry result for 6 TRPs
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Figure B-0: 6TRP and 4GHz
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Figure B-1: 6TRP/30GHz
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Figure B-2: 6TRP/70 GHz
Geometry result for 9TRPs
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Figure C-0: 9TRP and 4GHz
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Figure C-1: 9TRP/30GHz
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Figure C-3: 9TRP/70GHz

4 GHz
Option 1	9 TRPs	6 TRPs	3 TRPs	47	31	19	Option 2	9 TRPs	6 TRPs	3 TRPs	32	29	29	Option 3	9 TRPs	6 TRPs	3 TRPs	44	40	22	Option 4	9 TRPs	6 TRPs	3 TRPs	51	37.5	23	


30 GHz
Option 1	9 TRPs	6 TRPs	3 TRPs	57	45	42	Option 2	9 TRPs	6 TRPs	3 TRPs	48	47	57	Option 3	9 TRPs	6 TRPs	3 TRPs	56	49	40	Option 4	9 TRPs	6 TRPs	3 TRPs	63	49	39	


70 GHz
Option 1	9 TRPs	6 TRPs	3 TRPs	76	72	72	Option 2	9 TRPs	6 TRPs	3 TRPs	74	73	77	Option 3	9 TRPs	6 TRPs	3 TRPs	71	69	70	Option 4	9 TRPs	6 TRPs	3 TRPs	76	69	69	


4 GHz
Option 1	9 TRPs	6 TRPs	3 TRPs	98	96	80	Option 2	9 TRPs	6 TRPs	3 TRPs	89	80	75	Option 3	9 TRPs	6 TRPs	3 TRPs	98	96	84	Option 4	9 TRPs	6 TRPs	3 TRPs	97.5	96	85	


30 GHz
Option 1	9 TRPs	6 TRPs	3 TRPs	98.5	97	87	Option 2	9 TRPs	6 TRPs	3 TRPs	92	87	86	Option 3	9 TRPs	6 TRPs	3 TRPs	98	97	88	Option 4	9 TRPs	6 TRPs	3 TRPs	98	97	89	


70 GHz
Option 1	9 TRPs	6 TRPs	3 TRPs	99	98	93.5	Option 2	9 TRPs	6 TRPs	3 TRPs	96	93.5	94.5	Option 3	9 TRPs	6 TRPs	3 TRPs	98	99	94	Option 4	9 TRPs	6 TRPs	3 TRPs	98	99	94	
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