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Introduction
[bookmark: _GoBack]Through e-mail discussion [NRAH1-02-Ph2] and [NRAH1-02-Ph3], it was further discussed clarification on simulation assumptions for phase 2 and 3 calibration campaign. In this contribution, we provide our phase 2 and 3 system level calibration results for NR MIMO.
Phase 2 Calibration
We herein provide our initial simulation results based on simulation assumptions summarized in Table A-1. In the evaluation, we consider Dense Urban Macro (4GHz), Indoor hotspot with 12 sites (30GHz), Urban Macro (30GHz) and Dense Urban Micro (30GHz). Also, we select the analog beam pair maximizing RSRP. For SVD precoding, we employ averaged instantaneous wideband channel and we assume the round-robin scheduler. Also, we consider outdoor-to-incar penetration loss which is 9 dB (LN, σ = 5 dB).

Figure 1. CDF of UE spectral efficiency

In Figures 1, the CDF of UE spectral efficiency (bps/Hz/UE) with SU-MIMO and rank-1 transmission is presented. Also, we summarize the average SE per TRP, 5% and 50% UE SE in Table 2 with various scenarios.  In Table 2, the outage probability can be expressed as


Table 2: Spectral efficiency with various calibration scenarios
	
	Mean SE (bps/Hz/TRP)
	5% UE SE (bps/Hz/UE)
	50% UE SE (bps/Hz/UE)
	Outage Probability

	Dense Urban Macro (4GHz)
	2.804
	0.147
	0.268
	0%

	Urban Macro (30GHz)
	1.4528
	0
	0.132
	19%

	Indoor Hotspot 12Site (30GHz)
	3.078
	0.18
	0.287
	0%

	Dense Urban Micro (30GHz)
	2.357
	0.155
	0.288
	0%



Phase 3 Calibration
In this section, we provide phase 3 calibration results for channel blockage. In this simulation, we consider Urban Macro with 30GHz and blockage model-A K=5 Landscape mode in TR38.900.


Figure 2. CDF of coupling loss at 0ms with channel blockage


Figure 3. CDF of wideband SINR at 0ms with channel blockage


Figure 4. CDF of ASA at 0ms with channel blockage


Figure 5. CDF of with channel blockage
 In Figure 5, the outage can be calculated as 25%. 
Conclusion
In this contribution, we provided our simulation results for phase 2 and phase 3 NR-MIMO calibration according to the agreed scenarios and simulation assumptions. 
References
R1-168547, Offline discussion further updated summary of evaluation assumptions for NR, NTT DOCOMO.

Annex
Table A-1. Simulation assumptions of large scale calibration
	Parameter 
	Values 

	BS Tx power 
	Refer to [1] 

	Noise figure for BS 
	Below 6GHz: 5 dB; Above 6GHz: 7 dB

	Noise figure for UE 
	Below 6GHz: 9 dB; Above 6GHz: 10dB

	BS antenna configurations 
	Refer to the baselines in [1] and Option 1 of Indoor Hotspot agreed in [86-27].

	BS antenna pattern 
	Refer to [1] 

	UE antenna configurations 
	30GHz:  (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; 
Notes: the polarization angles are 0 and 90 
4GHz: (M,N,P,Mg,Ng) = (1,1,2,1,1)
The panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels.
4GHz:  (M,N,P,Mg,Ng) = (1,1,2,1,1)

	UE array orientation 
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree 

	UE antenna pattern 
	Refer to [1] 

	Inter-panel calibration 
	Ideal 

	UE receiver type 
	MMSE-IRC 

	Number of UEs
	Refer to [1]

	UE distribution 
	Refer to [1]  

	Transmission scheme
	SU-MIMO with SVD digital beamfomring

	Rank restriction
	Rank 1

	Digital precoding
	SVD based beamforming

	Scheduler 
	Round Robin scheduler

	Feedback
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Hybrid ARQ 
	Maximum 4 transmissions 

	Traffic model 
	Full buffer
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Indoor Hotspot 30GHz	0.10876575000000001	0.15597211750000001	0.17716627000000001	0.18082908749999999	0.185527	0.18670125000000001	0.18670125000000001	0.18673855750000001	0.19197843000000003	0.19726925000000001	0.19844349999999999	0.19844349999999999	0.20259215	0.20814174999999999	0.21135999999999999	0.21135999999999999	0.21872851000000004	0.22500876750000004	0.22545075000000001	0.22662499999999999	0.22662499999999999	0.22662499999999999	0.22662499999999999	0.22662499999999999	0.22662499999999999	0.23151337500000002	0.23934053	0.24306399999999997	0.24423825000000002	0.24423825000000002	0.24664949999999999	0.25429138499999998	0.26067725000000003	0.26280365	0.26399042	0.26419999999999999	0.26419999999999999	0.26419999999999999	0.26419999999999999	0.26419999999999999	0.26419999999999999	0.26419999999999999	0.26419999999999999	0.26419999999999999	0.26419999999999999	0.2648458374999999	0.27677425499999991	0.28253770999999994	0.28651025000000002	0.28768449999999995	0.28768449999999995	0.28768449999999995	0.28885875	0.28885875	0.28885875	0.30006037499999999	0.30753056000000001	0.31267477249999986	0.31586575	0.31703999999999999	0.31703999999999999	0.31703999999999999	0.31703999999999999	0.31703999999999999	0.31703999999999999	0.31703999999999999	0.31766441000000029	0.33926666750000001	0.3454134900000001	0.34910801749999992	0.35109250000000003	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.37663548000000013	0.38897038499999959	0.3939579574999999	0.39571300000000004	0.39571300000000004	0.39571300000000004	0.39688699999999999	0.39688699999999999	0.39688699999999999	0.44503024999999996	0.45090124999999998	0.45207550000000002	0.45324975000000006	0.45324975000000006	0.45324975000000006	0.50249157999999949	0.63176672749999974	0.63407999999999998	0.63407999999999998	1.0532772499999998	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	Dense Urban Macro 4GHz	6.765850000000001E-2	8.4000354999999999E-2	9.3783350000000001E-2	0.104967585	0.11115738000000001	0.11894684999999999	0.12280401999999999	0.12529063999999998	0.1333761	0.14049671	0.14521215000000001	0.15174420000000002	0.15235399999999999	0.15748570999999997	0.16084798	0.16655039999999999	0.1748353	0.17715549999999999	0.17715549999999999	0.17861910499999997	0.18366499999999999	0.186132095	0.18778499999999998	0.18778499999999998	0.18856228	0.19231737499999998	0.19715989999999997	0.19841400000000001	0.19841400000000001	0.19841400000000001	0.19841400000000001	0.19846704000000001	0.20195750000000001	0.20195750000000001	0.20644984000000002	0.21490322499999998	0.21829760000000001	0.22250911000000001	0.22675900000000002	0.22675900000000002	0.22737190000000002	0.23177903499999999	0.23738174000000004	0.24238489500000002	0.24447449999999998	0.24447449999999998	0.24801799999999999	0.25566110999999997	0.2622147600000001	0.27636250000000001	0.28344899999999995	0.28536144000000002	0.28699200000000002	0.28699200000000002	0.29017750000000003	0.29053499999999999	0.29053499999999999	0.29053499999999999	0.29053499999999999	0.29053499999999999	0.29053499999999999	0.29191173999999998	0.29764112999999998	0.30241196000000004	0.30846298000000005	0.31179400000000002	0.31725022000000008	0.31888	0.31888	0.31888	0.31888	0.32088644999999999	0.33238982	0.34339281999999999	0.34789248	0.35076799999999997	0.35362842	0.35431099999999999	0.35431099999999999	0.35431099999999999	0.35431099999999999	0.35431099999999999	0.35431099999999999	0.35431099999999999	0.35431099999999999	0.36657417499999995	0.39436839999999995	0.39682849999999997	0.40037149999999999	0.40037149999999999	0.43141890000000005	0.44514855499999989	0.45351800000000003	0.45706149999999995	0.48139318000000003	0.52862947499999968	0.62698890000000007	0.71319462499999597	0.79706396000000002	0.79720000000000002	1.0629335	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	Urban Macro 30GHz	0	0	0	0	0	0	0	0	0	0	2.5112500000000032E-4	6.8118500000000028E-4	1.4701000000000002E-3	2.7680000000000001E-3	3.252825E-3	4.1955624999999996E-3	4.921E-3	5.4468250000000024E-3	6.3056149999999997E-3	7.2182749999999997E-3	7.7915000000000007E-3	9.7172124999999991E-3	1.1400825000000002E-2	1.3883562500000005E-2	1.6473180000000004E-2	1.8373562499999999E-2	2.0689780000000001E-2	2.4871360000000002E-2	2.8172570000000004E-2	3.2779782500000007E-2	3.5032225E-2	3.9638667499999988E-2	4.3594400000000005E-2	4.7722487500000008E-2	5.3054335000000008E-2	5.6029849999999999E-2	5.9223609999999996E-2	6.4884037500000005E-2	6.8147004999999997E-2	7.33357325E-2	7.7987750000000022E-2	8.5616054999999969E-2	8.7990529999999997E-2	9.4227867499999993E-2	0.10041813000000001	0.10528051250000006	0.11307062000000001	0.1176630325	0.12218902000000002	0.1280168075	0.132897875	0.13748389499999999	0.14465713999999999	0.14963707250000002	0.15427239000000009	0.15851999999999999	0.16398224	0.16673949999999998	0.17170081999999998	0.17613324999999999	0.18139949999999999	0.18597432	0.19141937499999995	0.19654601250000003	0.19940422000000005	0.20337756250000003	0.21101843500000003	0.21501408750000001	0.22397566000000005	0.22662499999999999	0.23810519999999996	0.24188975000000001	0.24423825000000002	0.24423825000000002	0.24846947500000002	0.25888525000000001	0.26419999999999999	0.26419999999999999	0.26419999999999999	0.27034774500000008	0.28297675000000005	0.28768449999999995	0.28768449999999995	0.28768449999999995	0.28885875	0.28885875	0.30335918499999986	0.31703999999999999	0.31845616000000021	0.33887617250000007	0.34991824999999999	0.35226675000000002	0.35226675000000002	0.36467151249999985	0.39053192499999978	0.39571300000000004	0.39688699999999999	0.45147667499999977	0.45324975000000006	0.62800922499999967	1.0568	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	Dense Urban Micro 30GHz	6.71485E-2	0.14959394000000001	0.16179633999999998	0.16204275000000001	0.16908800000000002	0.17050383750000001	0.18179073499999998	0.18317875	0.18382386999999997	0.190224	0.190224	0.19491109249999999	0.19726925000000001	0.19726925000000001	0.19726925000000001	0.20099122499999994	0.20902482	0.21135999999999999	0.21135999999999999	0.21135999999999999	0.21135999999999999	0.21493537999999998	0.22470224999999999	0.22545075000000001	0.22545075000000001	0.22545075000000001	0.22545075000000001	0.22545075000000001	0.23249600000000001	0.23412613499999996	0.23954124999999998	0.23954124999999998	0.23954124999999998	0.24415470000000003	0.24658674999999999	0.24658674999999999	0.24658674999999999	0.24658674999999999	0.25043615499999999	0.25624137000000002	0.26067725000000003	0.26067725000000003	0.26067725000000003	0.26067725000000003	0.26067725000000003	0.26067725000000003	0.26697424999999997	0.26772275000000001	0.26772275000000001	0.26772275000000001	0.26772275000000001	0.26772275000000001	0.28181325000000002	0.28181325000000002	0.28885875	0.28885875	0.28885875	0.28885875	0.28885875	0.28885875	0.30064174999999982	0.31665826499999999	0.31703999999999999	0.31703999999999999	0.31703999999999999	0.31703999999999999	0.31703999999999999	0.33113074999999997	0.34381432000000006	0.35167543499999987	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35226675000000002	0.35853216250000008	0.37609991500000001	0.38749325000000001	0.39453874999999999	0.39453874999999999	0.39453874999999999	0.39453874999999999	0.39453874999999999	0.39453874999999999	0.39453874999999999	0.401584	0.40393920000000016	0.45090124999999998	0.45090124999999998	0.45090124999999998	0.45794674999999996	0.46931345750000314	0.52839999999999998	0.52839999999999998	0.52839999999999998	0.52839999999999998	0.63407999999999998	0.78907724999999995	1.5851999999999999	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	Spectral efficiency [bps/Hz/UE]
CDF 
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