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Discussion
1. Introduction
After the creation of study item on feasibility and evaluation of new TDD UL/DL configuration (SDL), vendors and operators further input on the study cases. For the whole topic, we also have our views to be captured in the study, with consideration of LTE FDD/TDD technology available.
Additional configuration of LTE TDD is aiming to provide even more resources for DL transmission than the seven TDD UL/DL configurations have been supported in current specification. The most DL heavy TDD UL/DL configuration in current LTE TDD is configuration 5, where 8 DL subframes and one DwPTS in a special subframe within a radio frame (i.e. 10 subframes) can be used for DL transmission. 
In this contribution, interference issues of additional configuration are analyzed. The related study areas are also identified. The contribution study the interference in 3.5GHz and 2.6GHz bands defined in 3GPP standard. Possible solutions and potential cost are given for mitigate the interference based on the existing RF requirements. The simulation methodology is suggested based on those analyses.
2. Coexistence study for new TDD UL/DL configuration
2.1. Intra-band Interference evaluation
The new TDD UL/DL configuration should be deployed in certain bands. Exact bands should be decided for further evaluation. Thus, the intra-band adjacent channel interference can be analyzed more specifically. However, the ACIR and spatial isolation for inter-band shown below can be used as some starting points, since the new TDD UL/DL configuration may use the same bands. We expect it is highly likely to be studied in 2~3GHz. Then, the ACIR values should be close. 

2.2. Inter-band interference evaluation
The Adjacent Channel Interference is needed to be studied when 2 systems deployed in adjacent bands. Similar as coexistence for TDD/FDD in adjacent band, SDL carrier will have interference onto the adjacent TDD carrier. The ACI study scenario is shown in figure 1. 2 sets of adjacent bands are considered in this section. One is band 7 and band 38 for 2.6 GHz. The other is band 22 and band 42 for 3.5 GHz. The carrier bandwidths are all 10 MHz. Those are based on what have been defined in the standard and could be reference for study on the new TDD UL/DL configuration.
2 cases are considered to be major issues of the interference. Case1: SDL BS → TDD BS; Case2: TDD UE→ SDL UE. In the study, the existing requirement from [1] & [2] are used to derive the ACIR and the correspondent free spatial isolation. The SDL BS is using the bands defined for FDD, e.g. band 7 and band 22. 
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Figure1. Interference chart, coexistence scenario 
In this study, the BS to BS interference is focused. The corresponding ACIR is listed as follow.
Table1. ACIRs list
	
	ACLR(dB)
	ACS(dB)
	ACIR(dB)

	SDL BS→ TDD BS 
band 7 and band 38
	SDL BS ACLR:
38.60

	TDD BS ACS:
42.71
	37.18

	SDL BS→ TDD BS 
band 22 and band 42
	SDL BS ACLR:
45
	TDD BS ACS:
45.7
	42.3


As results, the spatial isolations are shown respectively. 
Table2. Results for additional isolation, SDL BS→ TDD BS, band 7 and band 38
	Sensitivity degradation ΔS (dB)
	0.1
	0.8
	3
	6

	Allowed maximum interference level（dBm/10MHz）
	-115.79
	-106.40
	-99.48
	-94.72

	Spatial isolation（dB）
	124.61
	115.22
	108.3
	103.54

	Additional Spatial isolation（dB）
	72.61
	63.22
	56.3
	51.54


Table3. Results for additional isolation, SDL BS→ TDD BS, band 22 and band 42

	Sensitivity degradation ΔS (dB)
	0.1
	0.8
	3
	6

	Allowed maximum interference level（dBm/10MHz）
	-118.80
	-109.41
	-102.49
	-97.72

	Spatial isolation（dB）
	122.50
	113.11
	106.19
	101.42

	Additional Spatial isolation（dB）
	70.5
	61.11
	54.19
	49.42


3. Potential Impact

For per-carrier perspective, the coexistence issue for SDL & TDD is similar as that for FDD & TDD. As it can be observe from the above results, the SDL BS to TDD BS interference is severe, if no additional measures are taken. Several additional measures could be potential solutions. One option is careful site planning and coordination between operators. The second option is to allocate additional guard band. The third option is using special designed RF filter in TDD BS. Otherwise, the interference will impact throughput, especially the victim carrier’s UL throughput.
For the option 1, the cell planning should enforce large restriction. As it shown in the section 2, the RF isolation bring to TDD SDL will be converted into at least around 40 meters separation between antennas for TDD and SDL. This will make it difficult to deploy them in the urban area. Consider site coordination between different operators is one of problem in real deployment, this put a very high obstacle.
For the option 2, TDD industry has used it as an effort on coexistence with FDD. The cost for coexistence between FDD and TDD is very high, as TDD has to reserve more than 5 MHz guard band to avoid the interference between FDD DL and TDD UL. This is due to the high ACIR to the TDD UL receiver in base station side. SDL could be used in any carriers within the TDD frequency band. Thus, the guard bands for coexistence between TDD SDL to existing TDD configuration are much more than the guard bands for TDD/FDD Coexistence. The overhead of guard band is more than 25%, if we only consider one 20 MHz carrier with 5 MHz guard band. If the both side need guard band, the overhead doubles. The overhead is exactly the loss of victim system.
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Figure2. Guard band reservation for SDL/TDD or FDD/TDD coexistence
In the above analysis, the RF requirement is based on the 3GPP requirement. It means the complexity of RF is same as normal commercial LTE. If option 3 is used, the cost for RF will be very high. The cost for both SDL and TDD system should be carefully evaluated when the systems are deployed in adjacent carriers.
4. Simulation methodology and further evaluation
To avoid the interference shown in above coexistence analysis, the options for solution will increase cost. Those cost for the coexistence should be matched with the gain of introduction of additional UL/DL configuration. For a new configuration, at least the system level simulation should be further performed, under the condition of site limitation. The exact band, number of carriers, carrier bandwidths etc. should be determined for the simulation study. The benefit can be validated if the gain can be significantly higher than the overall impact.
We propose 3 cases for simulation.

The simulation assumption can refer from both eIMTA and Small cell. As the interference study already shown in above, the performance impact should be taken into account in simulation. Thus, the simulation assumption can reuse parameters from eIMTA for interference modeling, especially the BS to BS interference. For simplicity, eIMTA feature is not mandated. CA with 2CCs. should be used. Both CCs are TDD. For evaluation of adjacent channel interference, we can put the 2CCs in adjacent channels. Or, we can conduct further simulation of inter-operator interference, since the SDL CC and the victim CC is typically deployed by different operators. Another option is to set site restriction for SDL CC. Two deployments can be compared in 3 cases.
Legacy deployment: 

CC1 - fixed configuration e.g. 1 or 2, CC2 - fixed configuration 5

Enhanced deployment:

CC1 - fixed configuration e.g. 1 or 2, CC2 - fixed 10:0 

Case1. All UEs are capable of CA, including configuration 5 and 10:0
This is the optimal case for new configuration, which means the upper limit of the gain for using new TDD configuration.
Case2. Partial UEs are capable of CA (50% UEs are capable of CA)
As it is the fact that not all UE is CA capable UE, some realistic UE distribution should be taken into account.
Case3. Only fractional Small cells are allowed to be configured with 10:0, due to coexistence issue. 

If interference modeling is not done in detail by schemes that 2CCs are aggregated in adjacent channels or by inter-operator interference study, the modeling can be interpreted as site limitation of case 3. E.g. only fractional Small cells are allowed to be configured with 10:0. 
Other assumptions: CRS Interference can be modeled in the simulation. Small scale fading should be optional, at least for the first stage of results. The evaluation metric should include DL UPT. However, when the BS to BS interference is considered in certain case, both UL and DL UPT should be evaluated together.
5. Proposals for the study item

In general, the scope of study should target identification of the interference scenarios and the evaluation method to help understanding the meaning of new TDD configuration. 

Proposal 1:

The cost for both SDL and TDD system should be carefully evaluated when deployed in adjacent carriers. The potential cost includes the additional Guard Band, BS complexity and throughput loses by site restriction.
For a new configuration, at least the system level simulation should be further performed. The exact band, number of carriers, carrier bandwidths etc. should be determined for the simulation study.
Proposal 2:

The simulation assumption can refer study from both eIMTA and Small cell. The performance impact of interference should be taken into account in the system level simulation. The simulation assumption can reuse parameters from eIMTA for interference modeling.
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ANNEX
The mapping between distance and free spatial isolation
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