[bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting # 97-e 	R4-2016237
Electronic Meeting, 2 – 13 Nov., 2020

Source:	Qualcomm Incorporated
Title:	Uplink co-existence simulation results for frequency ranges 6.425-7.125GHz and 10.0-10.5GHz
Agenda item: 	11.1.3.3
Document for:	Approval
1.	Introduction
The study item on IMT parameters for frequency ranges 6.425-7.025GHz, 7.025-7.125GHz and 10.0-10.5GHz was approved in [1]. The purpose of this SI is to study the IMT parameters relevant for sharing and compatibility for the following frequencies:
· 6425-7025MHz and 7025-7125MHz. 
· 10000-10500MHz.
RAN4 is to prepare answering requests from ITU-R WP5D. ACLR and ACS are two of the key parameters which need to be provided to ITU-R WP5D. Therefore, RAN4 needs to carry out the co-existence study to evaluate the required ACLR and ACS from system co-existence perspective.
The simulations assumptions for co-existence study were discussed in [2] and the WFs were agreed in [3][4]. In this paper, we provide the uplink co-existence simulation results for urban macro scenario. 
2. Discussion
2.0 Simulations assumptions
In [4], the agreement on number of scheduled UE assumption is 3. But due to the large gap in UL simulation results from companies in the last meeting, RAN4 was agreed to use 1 UL UE to calibrate the simulation platform. Per offline calibration, most companies are in line with UL simulation results. Note that we assume 1 UE scheduled in UL in FR2 due to the FR2 wide channel bandwidth feature. But for 7 and 10GHz, 3 UEs scheduled in UL is more reasonable which is consistent with TR36.942 for LTE/FR1. Therefore, in our view, the simulation results submitted to ITU-R should be based on the assumptions of 3 UL UEs.
Observation 1: The simulation results submitted to ITU-R should be based on the assumptions of 3 UL UEs.
The ACIR model for 3 UEs was proposed in [5]. It is reasonable to adopt below ACIR model for the co-existence simulation.
[bookmark: OLE_LINK9]Table 1  ACIR model 
	Frequency offset between aggressor (91RBs) and victim (91RBs)
	ACIR value

	0-90 RBs
	30 + X

	91-181RBs
	43 + X

	>181RBs
	43+ X



Observation 2: The ACIR model proposed in [5] could be adopted for the co-existence simulation.
20dBm UE max Tx power is listed as the optional case considering that 20dBm is the current max UE Tx power assumption in NR-U discussion. We think it is helpful to submit the UE ACLR with the assumptions of both 20dBm and 23dBm assumptions to ITU-R to reflect the current status of industry. The simulation results with 20dBm and 23dBm UE max Tx power are provided below.
2.1 Simulation results for 7GHz with 23dBm Tx power
The urban macro uplink Tx power CDF and SINR CDF of the victim UE at 7GHz with 23dBm Tx power are provided in Figure 1&2 below. Based on the current specifications, we set 46dB ACS for BS and 30dB ACLR for UE as baseline. 
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Figure 1: Uplink Tx power CDF with UE max Tx power of 23dBm at 7GHz
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Figure 2: SINR CDF with UE max Tx power of 23dBm at 7GHz
The urban macro simulation results of the uplink throughput loss of the victim BS with different ACIR values at 7GHz are shown in Figure 3.
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Figure 3: Uplink throughput loss with different ACIR values at 7GHz (UE max Tx power is 23dBm)
With the assumption of 23dBm UE max Tx power, it can be seen that the uplink throughput loss of the victim UE in the urban macro scenario can be limited to 5% with uplink ACIR 22dB at 7GHz. 
Table 1: ACIR results at 7GHz with 23dBm UE max Tx power
	ACIR [dB]
	30
	29
	28
	27
	26
	25
	24
	23
	22

	Average throughput loss (7 GHz)
	0.4%
	0.5%
	0.6%
	0.8%
	0.9%
	1.0%
	1.2%
	1.5%
	1.8%

	5%-tile throughput loss (7 GHz)
	1.0%
	1.3%
	1.5%
	1.8%
	2.2%
	2.4%
	3.4%
	4.3%
	5.1%



2.2 Simulation results for 7GHz with 20dBm Tx power
The urban macro uplink Tx power CDF and SINR CDF of the victim UE at 7GHz with 20dBm Tx power are provided in Figure 4&5 below. Based on the current specifications, we set 46dB ACS for BS and 30dB ACLR for UE as baseline. 
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Figure 4: Uplink Tx power CDF with UE max Tx power of 20dBm at 7GHz
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Figure 5: SINR CDF with UE max Tx power of 20dBm at 7GHz

The urban macro simulation results of the uplink throughput loss of the victim BS with different ACIR values at 7GHz are shown in Figure 6.

[image: ]
Figure 6: Uplink throughput loss with different ACIR values at 7GHz (UE max Tx power is 20dBm)

With the assumption of 20dBm UE max Tx power, it can be seen that the uplink throughput loss of the victim UE in the urban macro scenario can be limited to 5% with uplink ACIR 22dB at 7GHz. 
Table 2: ACIR results at 7GHz with 20dBm UE max Tx power
	ACIR [dB]
	30
	29
	28
	27
	26
	25
	24
	23
	22

	Average throughput loss (7 GHz)
	0.4%
	0.5%
	0.6%
	0.8%
	0.9%
	1.0%
	1.2%
	1.5%
	1.8%

	5%-tile throughput loss (7 GHz)
	0.8%
	1.2%
	1.6%
	1.8%
	2.2%
	2.5%
	3.4%
	4.2%
	5.0%



2.3 Simulation results for 10GHz with 23dBm Tx power
The urban macro uplink Tx power CDF and SINR CDF of the victim UE at 10GHz carrier frequency are provided in Figures 7&8 below. We set 46dB ACS for BS and 30dB ACLR for UE as baseline. Since 5%-tile throughput cannot be achieved with 450m ISD when adjacent channel interference is considered, ISD is set to 400m for 10GHz simulation.
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Figure 7: Uplink Tx power CDF with UE max Tx power of 23dBm at 10GHz
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Figure 8: SINR CDF with UE max Tx power of 23dBm at 10GHz

The urban macro simulation results of the uplink throughput loss of the victim BS with different ACIR values at 10GHz are shown in Figure 9.
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Figure 9: Uplink throughput loss with different ACIR values at 10GHz (UE max Tx power is 23dBm)

With the assumption of 23dBm UE max Tx power, it can be seen that the uplink throughput loss of the victim UE in the urban macro scenario can be limited to 5% with uplink ACIR 22dB at 10GHz. 
Table 3: ACIR results at 10GHz with 23dBm UE max Tx power
	ACIR [dB]
	30
	29
	28
	27
	26
	25
	24
	23
	22

	Average throughput loss (10GHz)
	0.4%
	0.5%
	0.6%
	0.8%
	0.9%
	1.0%
	1.2%
	1.5%
	1.8%

	5%-tile throughput loss (10GHz)
	1.4%
	1.6%
	2.0%
	2.2%
	2.6%
	2.9%
	3.5%
	4.0%
	5.0%



2.4 Simulation results for 10GHz with 20dBm Tx power
The urban macro uplink Tx power CDF and SINR CDF of the victim UE at 10GHz with 20dBm Tx power are provided in Figure 10&11 below. Based on the current specifications, we set 46dB ACS for BS and 30dB ACLR for UE as baseline. 
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Figure 10: Uplink Tx power CDF with UE max Tx power of 20dBm at 10GHz
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Figure 11: SINR CDF with UE max Tx power of 20dBm at 10GHz

The urban macro simulation results of the uplink throughput loss of the victim BS with different ACIR values at 10GHz are shown in Figure 12.
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Figure 12: Uplink throughput loss with different ACIR values at 10GHz (UE max Tx power is 20dBm)

With the assumption of 20dBm UE max Tx power, it can be seen that the 5%-ile throughput is 0. The 400m ISD is not suitable for this test case.
2.5 Analysis on UL ACIR
Observation 1: When uplink ACIR is set to 22dB at 7GHz with 23dBm UE max Tx power, UL throughput loss  in the urban macro can be restricted to 5%.
Observation 2: When uplink ACIR is set to 22dB at 10GHz with 23dBm UE max Tx power, UL throughput loss in the urban macro can be restricted to 5%.
Observation 3: When uplink ACIR is set to 22dB at 7GHz with 20dBm UE max Tx power, UL throughput loss in the urban macro can be restricted to 5%.
Observation 4: With the assumption of 20dBm UE max Tx power, the 5%-ile throughput is 0. The 400m ISD is not suitable for this test case.
Considering the difficulty of implementing ACLR in UE side, we propose to split the UL ACIR based on the assumption of BS ACS of 46dB. Then the UE ACS is ~22dB when UE max Tx power is 23dBm or 20dBm at 7GHz. Simulation for the case with 20dBm Tx power at 10GHz should be conducted with less than 400m ISD.
Proposal 1: Split the UL ACIR based on the assumption of BS ACS of 46dB. And the UE ACLR is 22dB for 7 and 10GHz with 23dBm Tx power.
Considering the front-end losses is higher and PA efficiency is worse over wide bandwidth, UE max transmit power might not reach 23dBm at 7GHz and 10GHz. Therefore, UE max Tx power of 20dBm is listed as the optional case in TR38.921. We think it is helpful to submit UE parameters with the assumptions of 20dBm and 23dBm UE max Tx power.
Proposal 2: RAN4 to identify the UE parameters considering the UE max Tx power of 20dBm at 10GHz. 
Proposal 3: RAN4 to submit the UE parameters considering the UE max Tx power of 23dBm and 20dBm. 
3.	Conclusion
In this paper, we provide uplink co-existence simulation results for frequency ranges 6.425-7.125GHz and 10.0-10.5GHz. We have the following observations and proposals:
Observation 1: When uplink ACIR is set to 22dB at 7GHz with 23dBm UE max Tx power, UL throughput loss  in the urban macro can be restricted to 5%.
Observation 2: When uplink ACIR is set to 22dB at 10GHz with 23dBm UE max Tx power, UL throughput loss in the urban macro can be restricted to 5%.
Observation 3: When uplink ACIR is set to 22dB at 7GHz with 20dBm UE max Tx power, UL throughput loss in the urban macro can be restricted to 5%.
Observation 4: With the assumption of 20dBm UE max Tx power, the 5%-ile throughput is 0. The 400m ISD is not suitable for this test case.
Proposal 1: Split the UL ACIR based on the assumption of BS ACS of 46dB. And the UE ACLR is 22dB for 7 and 10GHz with 23dBm Tx power.
Proposal 2: RAN4 to identify the UE parameters considering the UE max Tx power of 20dBm at 10GHz. 
Proposal 3: RAN4 to submit the UE parameters considering the UE max Tx power of 23dBm and 20dBm. 
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