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Introduction
In RAN1#84b [1][2] and subsequent e-mail discussions [84b-13], system-level evaluation assumptions and deployment scenarios for NR were agreed. 
This contribution analyzes the further details of the system-level evaluation assumptions and deployment scenarios. It is noted that TXRU mapping related parameters for the evaluation assumptions are treated in separate tdocs [3][4]. 
Further Details of Deployment Scenarios
Indoor Open Office
In the recent channel modeling calibration e-mail discussions [84b-16], companies has shown their geometry SINR calibration results for indoor open office. From the results, it has been found that the current density of 12 TRP makes the system fully interference limited – the SIR and the SINR cdf curves are almost identical. This has motivated us to study the optimal density of the TRPs in indoor open office. If indoor open office is used for eMBB KPI evaluations, the scenario optimization seems to be necessary for the ITU submission. In addition, it will be important to make the scenario more realistic for drawing correct conclusions for the NR study. 
This section analyzes TRP density and antenna option for the indoor open office scenario. We consider three different TRP density (deployment) options:
· Deployment option 1: 12 TRPs, as illustrated in figure 1-a;
· Deployment option 2: 6 TRPs, as illustrated in figure 1-b;
· Deployment option 3: 3 TRPs, as illustrated in figure 1-c;
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Figure 1-a: deployment with 12 TRPs
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Figure 1-b: deployment with 6 TRPs
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Figure 1-c: deployment with 3 TRPs
Four options for BS antenna option are considered:
· Antenna option 1: Each TRP has 3 sectors (30, 150 and 270 degrees). 110 BS antenna e-downtilt. , ,  dBi;
· Antenna option 2: Ceiling mounted antenna. Each TRP has 1 sector. Omni antenna with G = 5 dBi;
· Antenna option 3: Ceiling mounted antenna. Each TRP has 1 sector. Antenna has ,  and  dBi. Antenna has mechanical downtilt  so that the antenna beam point to the ground;
· Antenna option 4: Ceiling mounted antenna. Each TRP has 1 sector. Antenna has ,  and  dBi. Antenna has mechanical downtilt  so that the antenna beam point to the ground;
It is noted that antenna option 2 models dipole antennas, and the other antenna options model patch antennas. In addition, the antenna options 3 and 4 can be implemented by applying mechanical downtilt of  in traditional BS antenna modeling. 
In the following, The the LOS angle-based geometry SINR and SIR with the above deployment options and antenna options are evaluated. Three carrier frequencies are simulated: 46 GHz, 30 GHz and 70 GHz. The detailed results can be found in the appendix. 
Table 1: Cell-edge performance: interf. vs noise limited
	Number of TRPs
	Cell-edge performance: interf. limited vs. noise limited 

	12
	@ 46, 30, 70 GHz, antenna option 1,2,3,4: interference-limited

	46
	@ 46 GHz, antenna option 1, 2, 3, 4: interference-limited
@ 30 GHz, antenna option 1, 2: interference-limited; 3, 4: noise-limited
@ 70 GHz, antenna option 1, 2, 3, 4: noise-limited

	3
	@ 46 GHz, antenna option 1, 2, 3, 4: interference-limited
@ 30 GHz, antenna option 1, 2: interference-limited; 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 6 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 2-a and 2b to help understand the situation here. 

Figure 2-a. Percentage of UEs less than 0 dB SINR 
(Note: for 4GHz, the curves for options 3 and 4 completely overlap)

Figure 2-b. Percentage of UEs less than 10 dB SINR
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In Figures 2-a and 2-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 2-a and 2-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 46 GHz, the best antenna option is configuration 4 at both 0 dB and 10 dB SINR. 
· At 30 GHz, the best antenna option is configuration 2 at 0 dB SINR, but it changes to configuration 4 at 10 dB SINR. 
· At 70 GHz, the best antenna option is configuration 2 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 1-c.
· Adopt the antenna patterns as in the following table:
	
	46 GHz
	30 GHz
	70 GHz

	Antenna patterns
	Pattern 1
	Pattern 1
	Pattern 2


· Pattern 1: Ceiling mounted antenna. Each TRP has 1 sector. Antenna has ,  and  dBi. Antenna has mechanical downtilt  so that the antenna beam point to the ground;
· 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]Channel Model Details for System-level Evaluations
Based on the discussions in a companion contribution submitted to the channel modeling AI [5], the following ratios are proposed for high- and low-loss indoor penetration loss for UMi dense urban and UMa. 
Proposal: Adopt the following table for the indoor penetration loss
	
	Dense urban
	UMa

	Indoor penetration loss 
	80% low-loss; 20% high-loss
	90% low-loss; 10% high-loss



In the >6GHz channel model SI, blockage modeling are introduced to model human and vehicle blockage. When a certain angle range is blocked, the clusters in the range are significantly attenuated. Overall system impact of blockage at 30GHz and 70 GHz needs to be evaluated, and the evaluation assumption should include the blockage modeling. Details of blockage modeling for NR evaluations are at this moment FFS, as the channel model SI is currently finalizing the details of the blockage modeling.
In addition, spatial consistency modeling has also been introduced in the channel model SI. In contrast to the legacy channel models in which only large scale parameters (e.g., angle and delay spread parameters) are correlated, the new channel model introduce small scale parameter correlation (e.g., angle and delay realizations). The newly introduced spatial consistency model is expected to help understand MU-MIMO performances better. In addition, user beam tracking can also be modeled with spatial consistency in user mobility simulations. Again, the details are FFS, pending upon the completion of the channel model SI. 
Proposal: 
· Introduce blockage modeling for 30 GHz and 70 GHz system-level evaluations. Details FFS.
· Introduce spatial consistency modeling for beam tracking system-level evaluations. Details FFS.

Conclusion
The proposals made in this contribution are summarized below:

Proposal 1: For indoor open office
· At all the carrier frequency, adopt 3 TRP based deployment shown in Figure 1-c.
· Adopt the antenna patterns as in the following table:
	
	6 GHz
	30 GHz
	70 GHz

	Antenna patterns
	Pattern 1
	Pattern 1
	Pattern 2


· Pattern 1: Ceiling mounted antenna. Each TRP has 1 sector. Antenna has ,  and  dBi. Antenna has mechanical downtilt  so that the antenna beam point to the ground;
· 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.

Proposal 2: Adopt the following table for the indoor penetration loss:
	
	Dense urban
	UMa

	Indoor penetration loss 
	80% low-loss; 20% high-loss
	90% low-loss; 10% high-loss



Proposal 3: 
· Introduce blockage modeling for 30 GHz and 70 GHz system-level evaluations. Details FFS.
· Introduce spatial consistency modeling for beam tracking system-level evaluations. Details FFS.

References
[1] R1-163884, Summary of evaluation assumptions for NR, NTT DOCOMO
[2] R1-163885, WF on antenna modelling and related parameters for NR evaluations, Intel, Samsung, CATT
[3] R1-163986, Remaining details of TRP antenna modeling and TXRU mapping/virtualization, Samsung
[4] R1-163987, Remaining details of UE antenna modeling and TXRU mapping/virtualization, Samsung
[5] R1-16xxxx, Discussion on recommended split of low and high penetration loss for NR, Samsung

Appendix
Deployment with 12 BSs.
Figures 2-a, 2-b and 2-c present the SINR and SIR results of deployment of 12 BSs for carrier frequency 4GHz, 6 GHz, 30 GHz and 70 GHz, respectively. We have the following observations:
· For all three carrier frequencies 4/6/30/70GHz, all four antenna option options give interference-limited scenarios – this can be seen by comparing the SIR and the SINR cdfs, which are almost the same. More than 30% UEs experience SINR less than 0 dB for all four antenna option options in all the three carrier frequencies. 
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Figure A-0: SINR and SIR of 4 Antenna options, carrier frequency = 4GHz
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Figure A-1: SINR and SIR of 4 Antenna options, carrier frequency = 6GHz
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Figure A-2: SINR and SIR of 4 Antenna options, 30GHz
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Figure A-3: SINR and SIR of 4 Antenna options, 70GHz
Deployments with 6 BSs
Figures 3-a, 3-b and 3-c present the SINR and SIR results of deployment of 6 BSs for carrier frequency 4GHz, 6 GHz, 30 GHz and 70 GHz, respectively. We have the following observations:
· At carrier frequency 4/6GHz: All four antenna options give still interference-limited scenarios, but the resulting SINRs are better than the 12 TRP cases. With Antenna options 3 and 4 about 10% of UEs experience below 0 dB SINR, but with antenna options 1 and 2 about 20% UEs experience below 0 dB SINR. 
· At carrier frequency 30GHz: With antenna options 3 & 4, cell edge UEs experience noise-limited situation; antenna option 1 & 2 gives interference limited scenarios. Antenna option 4 has the best SINR performance; about 15% UEs experiences below 0 dB SINR.
· For carrier frequency 70GHz: With all antenna options, cell edge UEs experience noise-limited situation. Antenna option 4 generates the best SINR performance; about 20% UEs experience below 0 dB SINR.
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Figure B-0: SINR and SIR of 4 Antenna options, 4GHz

[image: ]
Figure B-1: SINR and SIR of 4 Antenna options, 6GHz
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Figure B-2: SINR and SIR of 4 Antenna options, 30GHz
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Figure B-3: SINR and SIR of 4 Antenna options, 70GHz

Deployment with 3 BSs
Figures 3-a, 3-b and 3-c present the SINR and SIR results of deployment of 6 BSs for carrier frequency 4GHz, 6 GHz, 30 GHz and 70 GHz, respectively. We have the following observations:
· For carrier frequency 4/6GHz: All four antenna options give still interference-limited scenarios, but the resulting SINRs are better than the 6 TRP cases. With Antenna options 2, 3 and 4 about 2% of UEs experience below 0 dB SINR, but with antenna options 1 about 8% UEs experience below 0 dB SINR. 
· For carrier frequency 30GHz: Antenna options 1 & 2 give interference-limited scenario. With antenna option 2, about 3% of UEs experience below 0 dB SINR; and with antenna option 1, about 10% UEs experience below 0 dB SINR. Antenna option 3 and 4 are noise-limited and has 16% and 10% probability of SINR <= 0dB.
· For carrier frequency 70GHz: antenna option 1/3/4 have more coverage issue and has more noise-limited issue.
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Figure C-0: SINR and SIR of 4 Antenna options, 4GHz
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Figure C-1: SINR and SIR of 4 Antenna options, 6GHz
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Figure C-2: SINR and SIR of 4 Antenna options, 30GHz
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Figure C-3: SINR and SIR of 4 Antenna options, 70GHz

4 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	30	20	10	Option 2	12 TRPs	6 TRPs	3 TRPs	41	20	3	Option 3	12 TRPs	6 TRPs	3 TRPs	30	10	3	Option 4	12 TRPs	6 TRPs	3 TRPs	30	10	3	


30 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	30	22	10	Option 2	12 TRPs	6 TRPs	3 TRPs	42	22	3	Option 3	12 TRPs	6 TRPs	3 TRPs	30	18	15	Option 4	12 TRPs	6 TRPs	3 TRPs	30	10	10	


70 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	30	20	20	Option 2	12 TRPs	6 TRPs	3 TRPs	42	20	5	Option 3	12 TRPs	6 TRPs	3 TRPs	30	30	35	Option 4	12 TRPs	6 TRPs	3 TRPs	30	20	20	


4 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	74	74	65	Option 2	12 TRPs	6 TRPs	3 TRPs	92	85	57	Option 3	12 TRPs	6 TRPs	3 TRPs	83	70	51	Option 4	12 TRPs	6 TRPs	3 TRPs	83	71	43	


30 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	75	77	67	Option 2	12 TRPs	6 TRPs	3 TRPs	92	85	57	Option 3	12 TRPs	6 TRPs	3 TRPs	85	74	67	Option 4	12 TRPs	6 TRPs	3 TRPs	85	74	50	


70 GHz
Option 1	12 TRPs	6 TRPs	3 TRPs	75	76	72	Option 2	12 TRPs	6 TRPs	3 TRPs	92	85	60	Option 3	12 TRPs	6 TRPs	3 TRPs	85	81	82	Option 4	12 TRPs	6 TRPs	3 TRPs	85	80	67	
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