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1 Introduction
In the study of possible additional TDD configuration for LTE TDD, the potential methods to utilize the unused TDD spectrum is to be discussed. In general, there can be three different ways to utilize the unused TDD spectrum, as the following.

1. Utilizing the unused TDD spectum by frame structure type 2 with existing TDD configurations
2. Utilzing the unused TDD spectrum by frame structure type 2 with additional TDD configurations, i.e. 10:0:0 and 9:1:0 (DL:Sp:UL)
3. Utilizing the unused TDD spectrum by converting the spectrum to FDD supplemental DL spectrum and using frame structure type 1 
In this contribution, these potential methods to utilize the unused TDD spectrum are discussed and compared. 
2 Discussion
In this section, we compare the three methods to utilize the unused TDD spectrum in several aspects, which can be seen in table 1. 
Table 1 Comparison of methods to utilize the unused TDD spectrum
	Comparison Aspects
	Alternatives to utilize the unused TDD spectrum

	
	Alt-1

Using FS2 with existing TDD configurations 
	Alt 2

Using FS2 with additional TDD configurations, i.e. 10:0:0 and 9:1:0
	Alt-3

Converting the TDD spectrum to FDD supplemental DL spectrum and use FS1

	DL performance
	High DL throughput can be obtained by DL heavy configurations, e.g. existing UL-DL configuration #5.
Channel reciprocity is available.
	Gain or loss on DL throughput conpared to alt-1, depending on the ratio of CA capable UEs in the network.
Channel reciprocity is not available for 10:0:0.
	Similar as alt 2
Channel reciprocity is not available.

	UL performance
	UL traffic can be served on the Scell.
PUCCH offloading on Scell can be supported.
	UL traffic cannot be served on the Scell.

PUCCH offloading on Scell is not possible. 
	Serving UL traffic or PUCCH offloading on Scell is not possible.

	Standards readiness
	No protocol spec changes
No RF spec change if the respective TDD band is already specified 
	At least the following protocol spec changes are needed.
1) Specify of additional TDD configuration

2) Detailed studies, specification and testing of interference mitigation schemes to avoid co-existence problems

No RF spec change if the respective TDD band is already specified.
	No protocol spec changes

RF spec changes needed (new FDD SDL band)

	Network deployment/complexity
	Same as existing TD-LTE deployment.

Intra operator time synchronizaion is required.

Time synchronization and same UL-DL configuration between operators are required 
	Additional network complexity if eNB or UE sensing based interference mitigation is applied.

Additional TDD configuration needs to be supported.
Intra operator time synchronizaion is required.

Time synchronization and same UL-DL configuration between operators are required.
	Same as exisitng FDD deployment. 
No intra operator or inter operator synchronization is required. 

	UE complexity
	UE CA capability is not required
	UE CA capability is required.

Additional TDD configuraiton needs to be supported.
Additional UE complexity if UE sensing based interference mitigation is applied.
	UE CA capability is required

	Time-to-market
	Immediately available for deployment
	Available for deployment when the following work is done and when the terminal  and network equipments supporting this feature come to the market. 
1) Specification of additional TDD configuration

2) Detailed studies,  specification and testing of interference mitigation schemes to avoid co-existence problems
	Availabe for deployment when the terminal  and network equipments supporting the new FDD SDL band come to the market. 


3 Conclusion
In this contribution, three potential methods to utilize the unused TDD spectrum are discussed and compared. Following proposals are made.

Proposal 1: Capture the following text proposals in section 8 “Methods on utilizing unused TDD spectrum” of TR 36.825.
-------- Start of text proposal -----------
8
Methods on utilizing unused TDD spectrum
The unused TDD spectrum can be utilized by three alternatives: 1) using FS2 with existing UL-DL configurations; 2) using FS2 with additional TDD UL-DL configurations, i.e. 10:0:0 and 9:1:0;  3) converting the TDD spectrum to FDD supplemental DL spectrum and use FS1.Using the existing LTE TDD configuration allows operators to immediately utilize the unused TDD spectrum, given the availability of LTE TDD conformed terminals and network equipments supporting the existing LTE TDD configurations. 
Table 1 Comparison of methods to utilize the unused TDD spectrum
	Comparison Aspects
	Alternatives to utilize the unused TDD spectrum

	
	Alt-1

Using FS2 with existing TDD configurations.
	Alt 2

Using FS2 with additional TDD configurations, i.e. 10:0:0 and 9:1:0.
	Alt-3
Converting the TDD spectrum to FDD supplemental DL spectrum and use FS1

	DL performance
	High DL throughput can be obtained by DL heavy configurations, e.g. existing UL-DL configuration #5.
Channel reciprocity is available.
	Gain or loss on DL throughput conpared to alt-1, depending on the ratio of CA capable UEs in the network.
Channel reciprocity is not available for 10:0:0.
	Similar as alt 2.
Channel reciprocity is not available.

	UL performance
	UL traffic can be served on the Scell.

PUCCH offloading on Scell can be supported.
	UL traffic cannot be served on the Scell.

PUCCH offloading on Scell is not possible. 
	Serving UL traffic or PUCCH offloading on Scell is not possible.

	Standards readiness
	No protocol spec changes
No RF spec change if the respective TDD band is already specified.
	At least the following protocol spec changes are needed.
1)Specify of additional TDD configuration
2)Detailed studies, specification and testing of interference mitigation schemes to avoid co-existence problems.
No RF spec change if the respective TDD band is already specified.
	No protocol spec changes

RF spec changes needed (new FDD SDL band)

	Network complexity
	Same as existing TD-LTE deployment.

Intra operator time synchronizaion is required.

Time synchronization and same UL-DL configuration between operators are required .
	Additional network complexity if eNB or UE sensing based interference mitigation is applied.
Additional TDD configuration needs to be supported.
Intra operator time synchronizaion is required.

Time synchronization and same UL-DL configuration between operators are required.
	Same as exisitng FDD deployment. 
No intra operator or inter operator synchronization is required. 

	UE complexity
	UE CA capability is not required
	UE CA capability is required.

Additional TDD configuraiton needs to be supported.
Additional UE complexity if UE sensing based interference mitigation is applied.
	UE CA capability is required



	Time-to-market
	Immediately available for deployment
	Available for deployment when the following work is done and when the terminal  and network equipments supporting this feature come to the market. 
1) Specification of additional TDD configuration
2)Detailed studies, specification and testing of interference mitigation schemes to avoid co-existence problems
	Availabe for deployment when network equipments supporting the new FDD SDL band come to the market. 


--------- End of text proposal -----------

Proposal 2: Capture the following text proposals in section 9 “summary” of TR 36.825. 
-------- Start of text proposal -----------
The unused TDD spectrum can be utilized by three alternatives: 1) using FS2 with existing UL-DL configurations; 2) using FS2 with additional TDD UL-DL configurations, i.e. 10:0:0 and 9:1:0; 3) converting the TDD spectrum to FDD supplemental DL spectrum and use FS1.Using the existing LTE TDD configuration allows operators to immediately utilize the unused TDD spectrum, given the availability of LTE TDD conformed terminals and network equipments supporting the existing LTE TDD configurations.
--------- End of text proposal -----------
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