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1
Introduction
In 2012, the upper part of Band 3 (1755-1785/1850-1880MHz) and Band 39 (1880-1920MHz) were allocated to IMT (including both IMT-2000 and IMT-Advanced) in China [1] [2]. Band 3 and Band 39 are closely adjacent, resulting in a very challenging coexistence situation.
The coexistence requirements between Band 39 and Band 3 have been discussed in [3] ~ [6], and a CR on the coexistence requirements was proposed in [7]. From operator’s perspective, it is essential to investigate the impact on Band 3 DL performance if the coexistence requirements in [7] are applied. In this contribution, we provide some simulation results and lab test results, and then present our views on UE co-existence requirements.
2
Monte Carlo simulations 
In this part, simulations are provided to show the impact of UE-UE adjacent-channel interference due to TX spurious emission. RX inter-modulation and RX saturation are not modelled in the simulations.
2.1 Simulation description
As shown in figure 2-1, the adjacent two frequency blocks, i.e., Band 3 DL (1855MHz-1875MHz) and Band 39 (1880MHz-1900MHz), are considered in the simulations. This corresponds to one of the two deployment scenarios captured in [7], where a 5MHz restricted block is in Band 3 DL. When Band 3 (LTE FDD) and Band 39 (LTE TDD) are deployed in the same geographical area, the LTE TDD UE in transmit mode may interfere the LTE FDD UE in receive mode. Hence, the aggressors are the TDD UEs in the frequency block of 1880MHz-1900MHz, and the victims are the FDD UEs in the frequency block of 1855MHz-1875MHz. 
As known, for FDD systems, the restriction on a 5MHz DL block implies that a 2x5 MHz spectrum resource cannot be used. Since spectrum resource has become increasing scarce, no other restrictions on Band 3 should be considered. Therefore, it would be of great importance to ensure that, for FDD DL deployed at 1855-1875 MHz, the average spectral efficiency loss due to TDD interference should be lower than 5% (which is a general protection criterion widely used in RAN4).
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Figure 2-1: Adjacent frequency blocks of Band 3 and Band 39 with 20 MHz channel bandwidth
2.1.1 Simulation methodology
In section 5 of the ECC report 131 [8], a Monte Carlo approach is used to study the impact of UE-UE adjacent channel interference. Compared with approaches of deterministic calculations, this Monte Carlo approach considers the probability of collision between victim and aggressor packets, which could better reflect the practical situation. Hence, the Monte Carlo approach considering the probability of collision is adopted in this simulation.
As shown in Figure 2-2, a seven-BS layout where FDD and TDD cellular networks are in the same geographical area is considered in this simulation. Furthermore, the cell radiuses of FDD and TDD cellular networks are the same, and the distance between FDD and TDD BSs is stochastic. In each snapshot, one victim FDD UE is randomly and uniformly distributed in each FDD cell. As for the locations of the aggressor TDD UEs and uplink-downlink subframe ratios of TDD system, the following cases are simulated: 
· Case 1: N TDD UEs are randomly and uniformly distributed within a hotspot surrounding the FDD UE, i.e., the FDD UE is in the centre of the hotspot. The investigated hotspot has a radius of 25 m, which is identical to the hotspot radius used in [8].
· Case 1A: UL:DL subframe ratio is 2:2
· Case 1B: UL:DL subframe ratio is 1:3
· Note that the UL:DL subframe ratios of both 2:2 and 1:3 are widely employed in real TDD networks. In Case 1B, the UL subframe number is one half of that in Case 1A, and consequently the probability of collision between victim and aggressor in the time domain is much lower.
· Case 2: The distance between TDD UE and FDD UE is fixed. Considering the typical scenarios such as meeting room, bus and subway, it is set to be 3 m in the simulation. In addition, UL:DL subframe ratio of 1:3 is assumed.
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Figure 9: Urban macro-cellular scenario




Figure 2-2: Cell layout and UE location [8] (Note that 1km and 25m in the figure is only an example)
In each Monte Carlo trial, the simulation process is described as follow:
1. Drop FDD and TDD UEs.
a) Drop one FDD UE randomly and uniformly within each of the central FDD cells.

b) In simulation Case 1A and 1B, drop N TDD UEs randomly and uniformly within each TDD hotspot; while in simulation Case 2, drop one TDD UE with fixed distance apart from the FDD UE. 
c) Drop one TDD hotspot randomly and uniformly within each of the central TDD cells. 
2. Calculate the UL spectral efficiency and the fraction of UL resource required for TDD UEs. 
a) Calculate intra-system interference from the UEs in other cells for TDD UL. Each UE adopts the fractional power control scheme in UL [9].

b) Use the SINR to spectral efficiency mapping function in [11] to obtain TDD UEs’ spectral efficiency.
c) Calculate the fraction of UL resource required by each TDD UE in each scheduling interval.

3. Calculate the spectral efficiency loss of FDD UEs. 

a) Calculate probability of collision between FDD DL and TDD UL packets in time domain.

b) For FDD UEs, calculate intra-system interference from the surrounding FDD cells, and inter-system interference from surrounding TDD UEs based on the probability of collision.
c) Calculate the SINR and corresponding spectral efficiency with/without TDD interference for each FDD UE.

4. Collect statistics.
More detailed description of the Monte Carlo simulation methodology can be found in Section 5 and Annex 3 of ECC report 131 [8].
2.1.2 Simulation assumptions
Simulation assumptions and values of parameters [8] [10] [11] are provided in Table 2-1.
Table 2-1: Simulation assumptions and values of parameters
	General parameters 

	Victim system 
	LTE FDD

	Aggressor system 
	LTE TDD, UL:DL=2:2 or UL:DL=1:3

	Carrier frequency 
	1.9 GHz

	Size of each nominal channel BW 
	20MHz 

	Resource Block (RB) size 
	180kHz, 100 RBs in total

	Cell layout 
	7 macro BSs, 3 cells per macro BS

	Antenna pattern 
	3D pattern defined in [10] 

	BS max TX power 
	46dBm

	BS antenna gain including feeder loss 
	17dBi 

	UE antenna height 
	1.5m 

	UE max TX power 
	23 dBm 

	UE antenna gain 
	0 dBi 

	Thermal noise power density
	-174 dBm/Hz

	BS noise figure 
	5dB 

	UE noise figure 
	9dB 

	BS-UE path-loss model
	Modified Hata model as in Annex 2 in [8]

	UE-UE path-loss model
	IEEE 802.11 Model C as in Annex 2 in [8] 

	Scheduling period 
	20ms 

	Victim UE RX duration
	2ms

	Scenario-specific parameters

	Scenarios
	Scenario 1
	Scenario 2

	Macro-BS ISD 
	500 m
	1732 m

	BS antenna height 
	35 m
	25 m

	Antenna down tilt
	12 degree
	6 degree

	Number of TDD aggressor UEs per scheduling period in a hotspot, N
	In Case 1A and 1B, N=6;
In Case 2, N=1
	In Case 1A and 1B, N=4;

In Case 2, N=1

	Target service rate of each TDD UE
	720kbps
	512kbps


2.2
Simulation results
The simulations are conducted for scenarios of ISD 500 m and 1732 m respectively. The impact of Band 39 UE spurious emission is measured in terms of Band 3 DL spectral efficiency degradation.
2.2.1 Simulation results with ISD 500 m
In this subsection, the simulation results for Case 1A/1B/2 with ISD 500m are presented.

2.2.1.1
Case 1A
Figure 2-3 shows the CDF of FDD UE spectral efficiency with/without TDD interference for Case 1A with ISD 500m. It is assumed that the UL transmission bandwidth of each TDD UE is less than or equal to 54 RB (this assumption is used for all of the following simulations), and the TDD UE TX spurious emission is -15.5dBm/5MHz. Table 2-2 gives FDD DL spectral efficiency loss due to TDD interference.
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Figure 2-3: CDF of FDD UE spectral efficiency with/without TDD interference, 
(spurious emission=-15.5dBm/5MHz, ISD=500m, 6 TDD UEs located in a 25m hotspot, UL:DL=2:2)
Table 2-2: FDD DL spectral efficiency loss due to TDD interference 
(spurious emission=-15.5dBm/5MHz, ISD=500m, 6 TDD UEs located in a 25m hotspot, UL:DL=2:2)
	Cell average spectral efficiency loss
	50%-tile UE spectral efficiency loss
	5%-tile cell edge UE spectral efficiency loss

	21.76%
	29.81%
	71.73%


The results of cell average spectral efficiency loss with various TX spurious emissions are shown in Figure 2-4. 
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Figure 2-4: Cell average spectral efficiency loss vs spurious emission
(ISD=500m, 6 TDD UEs located in a 25m hotspot, UL:DL=2:2)
From the above simulation results, we can observe:

Observation 1:
· In Case 1A with ISD 500m, when UE spurious emission is -15.5dBm/5MHz, the losses in FDD DL cell average spectral efficiency and 5%-tile cell edge UE spectral efficiency are 21.76% and 71.73% respectively.
· As the TDD UE TX spurious emission decreases, the inter-system interference decreases and consequently the loss in FDD DL cell average spectral efficiency become smaller. When the spurious emission is about -28.5dBm/5MHz, the FDD DL cell average spectral efficiency loss can be reduced to 5%.
Please note that, if the UL transmission bandwidth for one TDD UE is more than 54 RB, the TX spurious emission may be more serious than -15.5dBm/5MHz, which will lead to more severe inter-system interference.
2.2.1.2
Case 1B
Figure 2-5 shows the CDF of FDD UE spectral efficiency with/without TDD interference for Case 1B with ISD 500m, when the aggressor UE TX spurious emission is -15.5dBm/5MHz. Table 2-3 gives FDD DL spectral efficiency loss due to TDD interference.
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Figure 2-5: CDF of FDD UE spectral efficiency with/without TDD interference
(spurious emission=-15.5dBm/5MHz, ISD=500m, 6 TDD UEs located in a 25m hotspot, UL:DL=1:3)
Table 2-3: FDD DL spectral efficiency loss due to TDD interference 
(spurious emission=-15.5dBm/5MHz, ISD=500m, 6 TDD UEs located in a 25m hotspot, UL:DL=1:3)
	Cell average spectral efficiency loss
	50%-tile UE spectral efficiency loss
	5%-tile cell edge UE spectral efficiency loss

	15.07%
	19.81%
	70.61%


In Figure 2-6, the cell average spectral efficiency loss with various spurious emissions for Case 1B with ISD 500m is shown. 
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Figure 2-6: Cell average spectral efficiency loss vs spurious emission
(ISD=500m, 6 TDD UEs located in a 25m hotspot, UL:DL=1:3)
Then the following observation can be made:
Observation 2: 
· In Case 1B with ISD 500m, the FDD DL cell average spectral efficiency loss is 15.07%, and 5-tile cell edge spectral efficiency loss is 70.61%, when TDD UE spurious emission is -15.5dBm/5MHz. 
· FDD DL spectral efficiency loss in Case 1B is lower than that in Case 1A. It is because that with a smaller number of UL subframes in Case 1B, the probability of collision between FDD-TDD packets in time domain is reduced, as analysed in section 2.1.1.
· As the TDD UE TX spurious emission decreases, the loss in cell average spectral efficiency of FDD DL system become smaller. In order to reduce the cell average spectral efficiency loss to 5%, the spurious emission should be about -24.7dBm/5MHz. 
2.2.1.3
Case 2
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Figure 2-7: Cell average spectral efficiency loss vs spurious emission 
(ISD=500m, 1 TDD UE, FDD UE to TDD UE distance = 3m, UL:DL=1:3)
When the macro-BS ISD equals to 500m and the distance between aggressor UE and victim UE is set to be 3m, we can observe:
Observation 3: 
· The FDD DL cell average spectral efficiency loss is 38.90% with spurious emission of -15.5dBm/5MHz.
· Compared with Case 1A and Case 1B where TDD UEs are randomly and uniformly located in a 25m hotspot surrounding the FDD UE, the inter-system interference is more severe in Case 2.
· When the spurious emission is about -41dBm/5MHz, the cell average spectral efficiency loss can be reduced to 5%.
2.2.2 Simulation results with ISD 1732m
In this subsection, the simulation results for Case 1A/1B/2 with ISD 1732m are presented.
2.2.2.1
Case 1A
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Figure 2-8: CDF of FDD UE spectral efficiency with/without TDD interference 
(spurious emission=-15.5dBm/5MHz, ISD=1732m, 4 TDD UEs located in a 25m hotspot, UL:DL=2:2)
Table 2-4: FDD DL spectral efficiency loss due to TDD interference
(spurious emission=-15.5dBm/5MHz, ISD=1732m, 4 TDD UEs located in a 25m hotspot, UL:DL=2:2)
	Cell average spectral efficiency loss
	50%-tile UE spectral efficiency loss
	5%-tile cell edge UE spectral efficiency loss

	9.24%
	13.01%
	32.30%
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Figure 2-9: Cell average spectral efficiency loss vs spurious emission 
(ISD=1732m, 4 TDD UEs located in a 25m hotspot, UL:DL=2:2)
As seen from Figure 2-8, 2-9 and Table 2-4, we have the following observation:

Observation 4: 
· In Case 1A with ISD 1732m, when the TDD UE spurious emission is -15.5dBm/5MHz, the FDD DL average spectral efficiency loss is 9.24%, and 5%-tile cell edge spectral efficiency loss is 32.30%. 
· In order to reduce the cell average spectral efficiency loss to 5%, the spurious emission should be about -20.5dBm/5MHz. 
2.2.2.2
Case 1B
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Figure 2-10: CDF of FDD UE spectral efficiency with/without TDD interference 
(spurious emission=-15.5dBm/5MHz, ISD=1732m, 4 TDD UEs located in a 25m hotspot, UL:DL=1:3)
Table 2-5: FDD DL spectral efficiency loss due to TDD interference
(spurious emission=-15.5dBm/5MHz, ISD=1732m, 4 TDD UEs located in a 25m hotspot, UL:DL=1:3)
	Cell average spectral efficiency loss
	50%-tile UE spectral efficiency loss
	5%-tile cell edge UE spectral efficiency loss

	6.90%
	10.20%
	25.90%
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Figure 2-11: Cell average spectral efficiency loss vs spurious emission 
(ISD=1732m, 4 TDD UEs located in a 25m hotspot, UL:DL=1:3)
From above two figures, we can observe:

Observation 5: 
· In Case 2 with ISD 1732m, when the TDD UE spurious emission is -15.5dBm/5MHz, the FDD DL average spectral efficiency loss is 6.90%, and 5%-tile cell edge spectral efficiency loss is 25.90%. 
· In order to reduce the cell average spectral efficiency loss to 5%, the spurious emission should be about -18dBm/5MHz.
2.2.2.3
Case 2
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Figure 2-12: Cell average spectral efficiency loss vs spurious emission 
(ISD=1732m, 1 TDD UE, FDD UE to TDD UE distance = 3m, UL:DL=1:3)
When the cell ISD equals to 1732m and the distance between aggressor UE and victim UE is set to be 3m, we can observe:

Observation 6: 
· In Case 2 with ISD 1732m, the FDD DL cell average spectral efficiency loss is 26.82% with spurious emission of -15.5dBm/5MHz.
· In order to reduce the cell average spectral efficiency loss to 5%, the spurious emission should be about -32.5dBm/5MHz.
3
Lab tests 
In this part, the impact of interference from Band 39 to Band 3 DL is evaluated by lab tests. Various combinations of FDD UE location, TDD UE location, and FDD UE to TDD UE spatial distance are considered in the tests.
3.1 Test description
In the tests, one Band 3 DL frequency block (1855MHz - 1875MHz) and one Band 39 frequency block (1880MHz - 1900MHz) are considered, which are the same with that assumed in the simulations (shown in Figure 2-1). For Band 39 TDD system, UL:DL subframe ratio is configured as 1:3. The detailed test configurations and the connection diagram can be found in Table 3-1 and Figure 3-1 respectively.
Table 3-1 Test configurations
	Name
	Value

	Band 3 carrier frequency
	1865MHz

	Band 39 carrier frequency
	1890MHz

	Channel bandwidth
	20MHz

	Guard band
	5MHz

	TDD BS IoT
	6dB

	Spectrum emission mask of Band 39 UE
	-13dBm/1MHz (5MHz < ΔfOOB < 20MHz)

-25dBm/1MHz (20MHz < ΔfOOB < 25MHz)

	Location of Band 3 UE with respect to its serving BS
	Near-point (RSRP: -80dBm, SINR: 20dB),
Mid-point (RSRP: -90dBm, SINR: 10dB),
Far-point (RSRP: -105dBm, SINR: 0dB)

	Location of Band 39 UE with respect to its serving BS
	Near-point (RSRP: -80dBm, SINR: 20dB),
Mid-point (RSRP: -90dBm, SINR: 10dB),
Far-point (RSRP: -105dBm, SINR: 0dB)

	Aggressor to victim distance
	0.3m (32.3dB isolation),
0.5m (36.2dB isolation),
1.0m (41.7dB isolation),
1.5m (44.8dB isolation),
2.0m (47.1dB isolation),
3.0m (50.3dB isolation)
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Figure 3-1 Test connection diagram
3.2 Test results
Figure 3-2, Figure 3-3 and Figure 3-4 show the test results of Band 3 DL throughput loss caused by Band 39 adjacent channel interference, when TDD UEs are located at the near-point, mid-point and far-point, respectively.
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Figure 3-2 Test results when TDD UE is located at the near-point
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Figure 3-3 Test results when TDD UE is located at the mid-point 
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Figure 3-4 Test results when TDD UE is located at the far-point
From above test results, we can observe:
Observation 7: 
· Band 3 UE suffers DL throughput loss due to Band 39 TDD interference, regardless of Band 39 UE location.
· When Band 3 UE is located at the far point with respect to its serving BS, the throughput degradation is quite serious.
· Band 3 DL throughput loss increases significantly as the UE-UE distance decreases. In some scenarios, the throughput loss increases to 100%, which would probably make LTE FDD UE fall back to 3G.

Then, the test results with a filter (rejection>30dB) applied on Band 39 UE are presented in the following figures. Note that the symbol ∞ in the figures denotes that there is no TDD UE interference.
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Figure 3-5 Test results with filter when TDD UE is located at the near-point
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Figure 3-6 Test results with filter when TDD UE is located at the mid-point
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Figure 3-7 Test results with filter when TDD UE is located at the far-point
As seen from Figure 3-5, Figure 3-6 and Figure 3-7, we can observe:
Observation 8: 
· There will be no loss in Band 3 DL throughput in most cases if a filter (rejection>30dB) is applied by Band 39 TDD UE.
4
Conclusions
In this contribution, we evaluated the performance degradation of Band 3 DL systems caused by Band 39 interference through simulations and lab tests.
In the Monte Carlo simulations, the following three cases were simulated in the scenarios of ISD 500m and 1732 m respectively:
· Case 1A: N TDD UEs are located within a hotspot area with maximum distance of 25m to the FDD UE, UL:DL=2:2
· Case 1B: N TDD UEs are located within a hotspot area with maximum distance of 25m to the FDD UE, UL:DL=1:3
· Case 2: 1 TDD UE is in each snapshot, and the distance between FDD UE and TDD UE is 3m, UL:DL=1:3
The simulation results in Section 2 are summarized in Table 4-1.
Table 4-1: Summary of simulation results
	
	ISD 500m
	ISD 1732m

	
	UE spurious emission is -15.5dBm/5MHz [Note]
	Level of spurious emission required in order to reduce cell average SE loss to 5%
	UE spurious emission is -15.5dBm/5MHz [Note]
	Level of spurious emission required in order to reduce cell average SE loss to 5%

	
	Cell average SE loss
	5%-tile Cell edge SE loss
	
	Cell average SE loss
	5%-tile Cell edge SE loss
	

	Case 1A
	21.76%
	71.73%
	-28.5dBm/5MHz
	9.24%
	32.30%
	-20.5dBm/5MHz

	Case 1B
	15.07%
	70.61%
	-24.7dBm/5MHz
	6.90%
	25.90%
	-18.0dBm/5MHz

	Case 2
	38.90%
	-
	-41.0dBm/5MHz
	26.82%
	-
	-32.5dBm/5MHz


Note: If the UL transmission bandwidth for one TDD UE is more than 54 RB, the TX spurious emission may be more serious than -15.5dBm/5MHz, which will lead to more severe inter-system interference.
In the lab tests, various combinations of FDD UE location, TDD UE location, and FDD UE to TDD UE spatial distance are considered. In addition, the tests were conducted with and without an additional filter (rejection > 30dB). The test results in Section 3 can be summarized in Table 4-2.
Table 4-2: Summary of test results
	
	UE-BS 
Space dimension
	Throughput Loss
with various distances between FDD UE and TDD UE

	
	
	0.3m
	0.5m
	1.0m
	1.5m
	2.0m
	3.0m

	Without an additional filter (with an additional filter)
	TDD Near->FDD Far
	92% (70%)
	89% (9%)
	76% (0%)
	73% (0%)
	67% (0%)
	53% (0%)

	
	TDD Near->FDD Mid
	79% (0%)
	61% (0%)
	47% (0%)
	41% (0%)
	30% (0%)
	27% (0%)

	
	TDD Near->FDD Near
	69% (0%)
	55% (0%)
	43% (0%)
	24% (0%)
	18% (0%)
	15% (0%)

	
	TDD Mid->FDD Far
	100% (70%)
	100% (25%)
	76% (0%)
	73% (0%)
	73% (0%)
	49% (0%)

	
	TDD Mid->FDD Mid
	78% (0%)
	65% (0%)
	55% (0%)
	47% (0%)
	46% (0%)
	37% (0%)

	
	TDD Mid->FDD Near
	73% (0%)
	65% (0%)
	50% (0%)
	42% (0%)
	31% (0%)
	19% (0%)

	
	TDD Far->FDD Far
	100% (70%)
	100% (6%)
	78% (0%)
	75% (0%)
	70% (0%)
	44% (0%)

	
	TDD Far->FDD Mid
	74% (0%)
	57% (0%)
	38% (0%)
	26% (0%)
	18% (0%)
	9% (0%)

	
	TDD Far->FDD Near
	57% (0%)
	45% (0%)
	31% (0%)
	24% (0%)
	15% (0%)
	10% (0%)


Based on the simulation and test results, it is concluded that: 
· The simulation results indicate that if the Band 39 TDD UE spurious emission is -15.5dBm/5MHz at 1855MHz-1875MHz, the cell average spectral efficiency loss of the Band 3 DL system is significant, especially in the scenario of ISD 500m. 
· The test results demonstrate that the impact of interference from Band 39 TDD UE to Band 3 FDD UE is quite serious in densely populated areas. In some cases, the throughput loss of FDD UE could be 100%. 
· Moreover, it is verified that remarkable reduction of UE-UE adjacent channel interference can be achieved if stricter spurious emission requirements would be apply to Band 39 UE.
From operators’ point of view, the following proposals are given:
· Band 3 is one of the major global bands for LTE FDD. It has been and will be deployed in many countries, and can be used for international roaming. Moreover, in China’s big cities, the subways and buses are very crowded, resulting in very small distance between neighbouring UEs. Hence, UE-UE adjacent channel interference between Band 39 and Band 3 is a very serious problem to be solved.
· It is strongly recommended to investigate stricter UE coexistence requirements for Band 39 to protect Band 3.
· Interested companies are encouraged to provide more analysis on Band 3 DL performance degradation due to Band 39 interference. When specifying the Band 39/3 UE coexistence requirements, the impact on Band 3 DL performance as well as the UE capability should be taken into account, and a reasonable trade-off need to be investigated further.
5
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