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1. Introduction
In RAN4 #90 meeting, WF on co-existence study of Cross-Link Interference (CLI) [1] was agreed as follows:· Based on the WID, RAN4 needs to perform co-existence study to identify conditions of co-existence among different operators in adjacent channels. 
· (Target no or very minimal impact on RF requirement)
· Complete core and performance requirements in time [2]
· Companies are encouraged to provide co-existence simulation results based on agreed simulation scenarios and parameters.


 To see the feasibility of operating dynamic TDD without CLI mitigation schemes, NR deployment scenarios including macro-to-macro, Indoor-to-macro, micro-to-micro, and indoor-to-indoor are considered for co-existence evaluation by using agreed simulation scenarios [1] and assumptions [3]. In this contribution, our observations and proposals on the co-existence evaluation in the indoor scenario are presented.
2. Simulation scenarios and assumptions
In [1], the co-existence evaluation scenarios of CLI were agreed as follows:· FR1 (4 GHz) and FR2 (30 GHz)
· Macro (aggressor) → Macro (victim)
· Indoor (aggressor) → Macro (victim)
· Indoor (aggressor) → Indoor (victim)
· FR1 (4 GHz) only
· Macro (aggressor) → Indoor (victim)
· FR2 (30 GHz) only
· Micro (aggressor) → Micro (victim)


For the co-existence evaluation of CLI, both BS-to-BS interference and UE-to-UE interference were considered and traffic mode was used as full buffer. The ACLR, ACS requirements and RF components of FR1 are the same as LTE and they are reused from [4]. For the ACLR requirements of FR2, they are reused from [5]. SINR statistic was chosen to get CDF curves at 5%-tile and 50%-tile with dynamic TDD and no dynamic TDD operations as an evaluation metric. Moreover, system bandwidths of 100 MHz and 200 MHz were used for FR1 and FR2 with 30 kHz subcarrier spacing, respectively. More details of the simulation assumptions and parameters can be found in [3].
Table 1 Simulation assumptions in the indoor scenario for FR1
	Layout
	Indoor hotspot (Indoor-to-Indoor) : 
Total 12 BSs (operator A:6 BSs & operator B:6 BSs) 120m x 50m
[image: cid:image002.png@01D4D8DE.1325CA10]

	Inter-BS distance
	20m

	Minimum BS-UE (2D) distance
	0m

	Minimum UE-UE (2D) distance
	1m~3m

	Carrier frequency
	4GHz

	BS TX power
	24 dBm per TRX i.e. local area BS, 4T4R 30dBm total

	UE TX power
	23 dBm

	Path-loss model
	· Indoor (Aggressor) → Indoor (Victim)
· BS-to-BS: InH-office [TR 38.803]
· BS-to-UE: InH-office [TR 38.803]
· UE-to-UE: InH-office [TR 38.803]

	BS antenna
	FR1 BS antenna element pattern for Indoor scenario from [2] / ceiling

	BS antenna height:
	3m

	UE antenna
	Omni

	UE antenna height
	1.5m

	eNB antenna element gain
	3.5 dBi

	Antenna gain of UE
	0 dBi

	Cell selection criteria
	Cell selection is based on RSRP

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	UE power control
	Power control as defined in Section 3.6

	Multi operators layout
	uncoordinated operation (100% Grid Shift)



Table 2 Simulation assumptions in the indoor scenario for FR2
	Network layout
	Indoor hotspot 
(Indoor-to-Indoor) : 
Total 12 BSs (operator A:6 BSs & operator B:6 BSs) 120m x 50m
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	Inter-site distance
	20 m

	BS antenna height
	3 m (ceiling)

	Path-loss model
	· Indoor (Aggressor) → Indoor (Victim)
· BS-to-BS: InH-office [TR 38.803]
· BS-to-UE: InH-office [TR 38.803]
· UE-to-UE: InH-office [TR 38.803]

	Shadowing correlation
	NA

	Multi operators layout for indoor
	Uncoordinated operation (100%)



3. Initial simulation results
In this section, we summarize our initial simulation results of the indoor scenario. As shown in Figure 1 and Figure 2, the same transmission direction of DL was applied to the victim cell and DL/UL transmission direction was applied to the aggressor cell. Here, we have made an assumption that misalignment of transmission direction between the victim cell and the aggressor cell can be quite a large (100%).  From the result of CDF in Figure 1, there was no performance degradation on the victim DL whether the transmission direction of the aggressor was DL or UL. On the other hand, some performance degradation was found on the victim DL when transmission direction of the aggressor was UL in Figure 2.

Figure 1 Indoor-to-Indoor (victim: DL) SINR result at 4 GHz

Figure 2 Indoor-to-Indoor (victim: DL) SINR result at 30 GHz
Observation 1: There was no performance degradation on the victim DL when the transmission direction was UL 100% at 4 GHz.
Observation 2: At 30 GHz, there was some performance degradation when the transmission direction of the aggressor was UL 100%.
As shown in Figure 3 and Figure 4, the same transmission direction of UL was applied to the victim cell and DL/UL transmission direction was applied to the aggressor cell. Like Indoor-to-Indoor (victim: DL) case, the same assumption has been made that misalignment of transmission direction between the victim cell and the aggressor cell can be quite a large (100%). Compared to the case where the transmission direction of the victim cell was DL at 4 GHz, there was slight performance degradation when the transmission direction of the aggressor was DL at 30 GHz.

Figure 3 Indoor-to-Indoor (victim: UL) at 4 GHz

Figure 4 Indoor-to-Indoor (victim: UL) at 30 GHz
Observation 3: When the transmission direction of the aggressor cell was DL 100% at 4 GHz, there was no performance degradation.
Observation 4: At 30 GHz, there was slight performance degradation when the transmission direction of the aggressor was DL 100%.
Table 3 shows the throughput results of the indoor scenario. For 4 GHz, when the transmission direction of the victim was DL, there was no throughput loss on DL aggressor at 5%-tile and 50%-tile. In case the victim’s transmission direction was UL, the throughput results were decreased by about 0.96% and 1.88% at 5%-tile and 50%-tile, respectively. 
Observation 5: At 4 GHz, in case the victim’s transmission direction was UL, the throughput results were decreased by about 0.96% and 1.88% at 5%-tile and 50%-tile, respectively.
At 30 GHz, there was some performance degradation when the transmission direction of the victim cell was DL and UL. The throughput results on DL victim were decreased by about 16.65% and 8.81% at 5%-tile and 50%-tile, respectively. In case the transmission direction of the victim cell was UL, the throughputs were also decreased by 7.32% and 1.32% at 5%-tile and 50%-tile, respectively.
Observation 6: At 30 GHz, in case the victim’s transmission direction was DL with the dynamic TDD operation (Aggressor: DL → UL), the throughput results were decreased by about 16.65% and 8.81% at 5%-tile and 50%-tile, respectively.
Observation 7: At 30 GHz, in case the victim’s transmission direction was UL with the dynamic TDD operation (Aggressor: UL → DL), the throughput results were decreased by about 7.32% and 1.32% at 5%-tile and 50%-tile, respectively.
Table 3 Throughput results for Indoor-to-Indoor scenario
	
	Throughput (Mbps)

	
	4 GHz
	30 GHz

	
	Victim: DL
	Victim: UL
	Victim: DL
	Victim: UL

	
	Aggressor: DL
	Aggressor: UL
	Aggressor: UL
	Aggressor: DL
	Aggressor: DL
	Aggressor: UL
	Aggressor: UL
	Aggressor: DL

	5%-title
	12.971
	13.098
	15.161
	15.015
	44.078
	36.740
	39.641
	36.740

	Loss
(%)
	0
	0.96
	16.65
	7.32

	50%-tile
	41.449
	41.901
	38.072
	37.355
	135.807
	123.839
	125.492
	123.839

	Loss
(%)
	0
	1.88
	8.81
	1.32



Based on our evaluation results, there was no performance degradation when operating the dynamic TDD in the indoor scenario at 4 GHz. However, some performance degradation was found in the indoor scenario at 30 GHz due to the fact that the ACIR requirement of FR2 is more tighten than FR1. Although, we might have some throughput loss at 30 GHz, still it is feasible to operate the dynamic TDD operation in the indoor scenario and it would result in less impact of cross-link interference. 
4. Conclusion
Based on the simulation results above, the following observations have been made:
· Observation 1: There was no performance degradation on the victim DL when the transmission direction was UL 100% at 4 GHz.
· Observation 2: At 30 GHz, there was some performance degradation when the transmission direction of the aggressor was UL 100%.
· Observation 3: When the transmission direction of the aggressor cell was DL 100% at 4 GHz, there was no performance degradation.
· Observation 4: At 30 GHz, there was slight performance degradation when the transmission direction of the aggressor was DL 100%.
· Observation 5: At 4 GHz, in case the victim’s transmission direction was UL, the throughput results were decreased by about 0.96% and 1.88% at 5%-tile and 50%-tile, respectively.
· Observation 6: At 30 GHz, in case the victim’s transmission direction was DL with the dynamic TDD operation (Aggressor: DL → UL), the throughput results were decreased by about 16.65% and 8.81% at 5%-tile and 50%-tile, respectively.
· Observation 7: At 30 GHz, in case the victim’s transmission direction was UL with the dynamic TDD operation (Aggressor: UL → DL), the throughput results were decreased by about 7.32% and 1.32% at 5%-tile and 50%-tile, respectively.
According to the observations, it is feasible to operate dynamic TDD in the indoor scenario for FR1 without changing the current RF requirements and CLI mitigation schemes. In contrast, FR2 may need CLI mitigation schemes.
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Aggressor: UL	-7.4554	-5.1906609999999995	-4.670204	-4.3088480000000002	-3.9407200000000002	-3.7388500000000002	-3.5902219999999998	-3.411168	-3.2610679999999999	-3.1370719999999999	-3.0318999999999998	-2.9061210000000002	-2.7607560000000002	-2.6534040000000001	-2.5249479999999997	-2.39263	-2.2856800000000002	-2.1737059999999997	-2.0583079999999998	-1.948	-1.84422	-1.7005770000000002	-1.5723520000000002	-1.4653610000000001	-1.349372	-1.2463500000000001	-1.152226	-1.0178	-0.91601999999999906	-0.77636100000000019	-0.63308999999999982	-0.52058599999999999	-0.41489199999999982	-0.2959949999999999	-0.18513799999999994	-9.3049999999999911E-2	1.8359999999999172E-2	0.12487500000000028	0.24988599999999997	0.35527700000000073	0.47397999999999985	0.58218999999999965	0.70034799999999964	0.81295600000000012	0.93889999999999973	1.0377100000000001	1.1407339999999999	1.2343889999999997	1.324964	1.4290649999999996	1.53565	1.6361370000000004	1.7153960000000001	1.8145230000000003	1.9093900000000001	2.00909	2.1295400000000009	2.2373879999999997	2.3221519999999995	2.4134639999999998	2.5169000000000001	2.632539	2.7637519999999998	2.8681589999999999	2.975352	3.08548	3.1960100000000002	3.315699	3.4413560000000003	3.5488079999999966	3.6523699999999999	3.771325	3.9003959999999998	3.9966699999999995	4.1247820000000015	4.2373500000000002	4.3446160000000003	4.4907690000000002	4.6302580000000013	4.7852360000000003	4.9458399999999996	5.1609280000000011	5.3331979999999994	5.5247380000000001	5.7081159999999995	5.9268299999999972	6.1818840000000002	6.4461910000000007	6.7158959999999999	6.9828869999999998	7.2673700000000023	7.6270890000000007	8.0183959999999974	8.4646710000000027	9.0304479999999945	9.5774700000000017	10.310827999999999	11.357187999999997	12.761799999999985	15.035386000000022	20.442799999999998	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	Aggressor: DL	-8.3345000000000002	-5.1963109999999997	-4.7279640000000001	-4.2588530000000002	-3.9737159999999996	-3.788675	-3.5905960000000001	-3.4267699999999999	-3.2707280000000001	-3.118881	-2.9952399999999999	-2.866711	-2.7472319999999999	-2.6346129999999999	-2.5114359999999998	-2.3965300000000003	-2.2834879999999997	-2.1798170000000003	-2.0751680000000001	-1.9707030000000001	-1.8484800000000001	-1.7450889999999999	-1.6003120000000002	-1.4811990000000002	-1.3751840000000002	-1.247925	-1.1301760000000001	-1.0131019999999999	-0.92155599999999993	-0.81001900000000016	-0.65212999999999999	-0.50772199999999967	-0.4131439999999999	-0.29333199999999998	-0.19690199999999955	-8.5994999999999849E-2	1.4827999999999975E-2	0.11736300000000001	0.20154799999999995	0.29676400000000031	0.38729999999999998	0.48833599999999988	0.58453199999999994	0.66171400000000002	0.76791599999999993	0.88481500000000024	1.0051699999999999	1.0984489999999991	1.192896	1.2922099999999999	1.4117000000000002	1.501098	1.6119920000000001	1.7163630000000007	1.817704	1.9181450000000007	2.0264880000000005	2.1274299999999999	2.2264239999999988	2.3314819999999998	2.4242400000000002	2.5183209999999994	2.6328940000000003	2.7641549999999997	2.8853560000000003	3.0054649999999996	3.1150060000000002	3.2058980000000004	3.3313600000000001	3.4396930000000001	3.5536699999999999	3.6574870000000002	3.7732319999999988	3.9302619999999995	4.0691280000000001	4.2121750000000002	4.3576160000000002	4.502338	4.6606340000000017	4.8212720000000004	4.9367199999999993	5.1047000000000002	5.2805799999999996	5.4683590000000004	5.6712679999999995	5.8790649999999998	6.094538	6.3764780000000005	6.6126679999999993	6.9287210000000004	7.2709700000000081	7.5672890000000006	7.9242479999999995	8.3506210000000003	8.864831999999998	9.3540100000000042	10.102992	11.025433999999997	12.530871999999981	14.551413000000016	19.4922	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	Geometry (dB)
CDF 
Indoor to Indoor, Victim: UL, 30GHz
Aggressor: UL	-24.1463	-6.0970910000000007	-4.3910179999999999	-3.4578740000000003	-2.8793439999999997	-2.3235849999999996	-1.899594	-1.5241849999999997	-1.154884	-0.91993499999999995	-0.65960999999999992	-0.41765599999999997	-0.19252400000000006	7.2986000000000162E-2	0.29522400000000015	0.5245749999999999	0.67252000000000001	0.86027700000000074	1.0292700000000001	1.2000679999999999	1.3570000000000002	1.500448	1.656352	1.8431850000000003	1.959492	2.11015	2.2601300000000002	2.404455	2.5508120000000001	2.6576549999999997	2.7859499999999997	2.9255599999999999	3.0627520000000001	3.1818780000000007	3.2989280000000005	3.4301949999999999	3.5375359999999998	3.6486049999999999	3.7769280000000007	3.8859970000000001	3.9727600000000001	4.094854999999999	4.2225019999999995	4.3363709999999998	4.4602640000000005	4.5812499999999998	4.7079260000000005	4.831842	4.9440280000000003	5.0955130000000004	5.1894	5.3108019999999998	5.4254120000000006	5.5526989999999996	5.6756360000000017	5.8113600000000005	5.9211560000000008	6.0457029999999996	6.1766919999999992	6.3026439999999999	6.4342800000000002	6.561871	6.685962	6.8182130000000001	6.9455280000000004	7.0917450000000004	7.2374600000000004	7.3613710000000019	7.5106560000000009	7.6231360000000006	7.7653199999999991	7.9066209999999995	8.0611840000000008	8.2059560000000005	8.3704999999999998	8.5075749999999992	8.6791999999999998	8.8433220000000006	9.0085420000000003	9.1846399999999999	9.3656399999999991	9.5251319999999993	9.6790939999999992	9.8265329999999995	10.009535999999999	10.228585000000001	10.500603999999994	10.746678999999999	11.065436	11.364640000000005	11.624239999999999	11.927090000000002	12.366188000000005	12.777033000000023	13.315566	13.779564999999998	14.407707999999989	14.998438	15.260414000000001	15.360849	15.3888	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	Aggressor: DL	-30.956199999999999	-7.9827389999999996	-5.7243459999999997	-4.2210710000000002	-3.358412	-2.7323	-2.2928280000000001	-1.9125249999999998	-1.565804	-1.2979630000000002	-1.044	-0.82844699999999938	-0.55221600000000004	-0.32992099999999996	-9.4261999999999416E-2	0.12481999999999997	0.35285600000000011	0.54712200000000011	0.75926399999999994	0.91987499999999978	1.1311000000000007	1.2773270000000001	1.442596	1.606052	1.7389479999999999	1.904325	2.0278719999999999	2.1983900000000003	2.3085599999999999	2.4433449999999999	2.5676999999999999	2.694509	2.8224679999999998	2.954488	3.1066760000000002	3.2316049999999996	3.3729359999999993	3.4838080000000002	3.633718	3.7731580000000005	3.8835800000000003	3.994068	4.1145399999999999	4.2464429999999993	4.3748040000000001	4.4886000000000008	4.6268080000000005	4.7300239999999993	4.8417239999999993	4.952534	5.0803500000000001	5.2316619999999991	5.362756000000001	5.4689209999999999	5.5724640000000001	5.7045500000000002	5.8497520000000005	5.9814179999999997	6.084822	6.2218239999999998	6.3655599999999994	6.4972549999999982	6.6205879999999997	6.7160919999999997	6.8307240000000009	6.9704100000000002	7.0727840000000004	7.1841410000000012	7.3003520000000011	7.4458979999999988	7.5935799999999984	7.7340049999999971	7.9007119999999986	8.0842729999999996	8.2302520000000001	8.4105749999999997	8.5778879999999997	8.7483939999999993	8.9144320000000015	9.1222710000000014	9.2913200000000007	9.4603760000000037	9.6665200000000002	9.8965730000000001	10.141567999999999	10.402735	10.653711999999999	10.918946999999998	11.189528000000008	11.412393000000002	11.74661	12.053775000000002	12.402951999999999	12.743609999999999	13.184667999999997	13.669264999999992	14.264935999999992	14.991581999999974	16.032344000000005	17.619185000000005	28.9573	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	Geometry (dB)
CDF 
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