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1
Introduction

The issue capability handling of LTE TDD and FDD modes has been discussed in RAN#54, and it is agreed a full mobility solution would be needed for idle mode and connected mode from Rel-9 onwards. In this contribution, we will give a brief analysis on the impact of potential solutions and try to find the most reasonable option.

2
Discussion

2.1
Capability handling during IDLE mode Mobility

This chapter will give a analysis about the potential solutions for the IDLE mode mobility and discuss the impact to the system.

IDLE-1
Detach/Attach in case of TDD/FDD mode mobility
If UE knows that it is in a cell in a different mode (than when it provided the UE radio capabilities last time) it triggers detach and attach. 

Impact on UE:

UE need to initiate the Detach/Attach when the mode has changed.

UE need to report its capability according to the current mode.

Impact on Network:

None

IDLE-2
TAU in case of TDD/FDD mode mobility

If UE knows that it is in a cell in a different mode (than when it provided the UE radio capabilities last time) it triggers TAU to update the UE capabilities in the MME. 

Impact on UE:

UE need to initiate the TAU when the mode has changed.

UE need to report its capability according to the current mode.

Impact on Network:

None

IDLE-3
eNB inquire UE radio capabilities in case of TDD/FDD mode mobility

UE only report the frequency band it supported in the current mode. When the UE capabilities are received by eNB from MME, eNB should check whether the frequency band of the current cell is included in the UE's capabilities , and find out whether the capabilities from MME is for the right mode. If the answer is positive, the eNB shall continue using the capabilities from MME; otherwise, eNB shall initiate a UE capability transfer procedure (i.e. send message UECapabilityEnquiry to UE) to inquire the UE's radio capabilities for the current mode.

Impact on UE:

UE need to report its capability according to the current mode, and only include the frequency band it supported in the current mode.

Impact on Network:

eNB should check whether the frequency band of the current cell is included in the UE's capabilities to find out whether the capabilities from MME is for the right mode, and initiate the UE capability transfer procedure if necessary.

IDLE-4
Defining additional capabilities with NCE
Extend the UECapabilityInformation with non critical extension container to cover these capabilities which may be different for TDD and FDD. Considering the backward compatibility, the legacy part of UE radio capabilities in UECapabilityInformation shall be understood as the minimum set of capabilities of TDD and FDD for the specific UE, and the real capabilities for TDD and FDD shall be reported in the non critical extension container respectively.

Impact on UE:

ASN.1 is changed, the UE shall report the minimum set of capabilities of TDD and FDD in the legacy part, and report the real capabilities for TDD and FDD in the non critical extension container respectively.

Impact on Network:

ASN.1 is changed, the NW shall understand the UE's capabilities according to the new ASN.1. For the legacy eNB, the minimum set of capabilities of TDD and FDD for the specific UE will be used.

IDLE-5
Using radio capability independently for FDD and TDD

Using radio capability independently for FDD and TDD: Consider FDD and TDD as independent RAT(e.g. eutra-TDD and eutra-FDD) and UE is mandated to provide two sets of capability with additional RAT type in case UE has different set of UE capabilities for FDD and TDD. Considering the backward compatibility, the legacy part of UE capability in UECapabilityInformation indicated by RAT "eutra" shall be understood as the minimum set of capabilities of TDD and FDD for the specific UE, and report the real capabilities for TDD and FDD as two independent RAT indicated as "etura-TDD" and "eutra-FDD" respectively.
Impact on UE:

ASN.1 is changed, the UE shall report the minimum set of capabilities of TDD and FDD in the legacy part with RAT-type indicated as "etura", and report the real capabilities for TDD and FDD as two independent RAT indicated as "etura-TDD" and "eutra-FDD" respectively.

Impact on Network:

ASN.1 is changed, the NW shall understand the UE's capabilities according to the new ASN.1. For the legacy eNB, the minimum set of capabilities of TDD and FDD for the specific UE will be used.

IDLE-6
MME send radio capabilities according to the current mode
eNB should inform MME the current mode used by UE in the message InitialUEMessage on the S1 interface, and MME will send the radio capabilities accordingly in the message InitialContextSetupRequest. If the corresponding radio capabilities for the indicated mode can not be found in MME, MME shall not include any radio capabilities in the message InitialContextSetupRequest, then eNB will initiate a UE capabilities transfer procedure to upload the radio capabilities in the current mode to MME.

Impact on UE:

UE need to report its radio capabilities according to the current mode.

Impact on Network:

ASN.1 for the S1 interface is changed. eNB should include the mode indicator in the message InitialUEMessage. MME should store the radio capabilities for TDD and FDD separately, and send the radio capabilities according to the mode indicator in message InitialUEMessage.


Compare of the solutions for IDLE mode mobility
	Solutions
	Impact on UE
	Impact on NW
	Remark

	Detach/Attach
	UE need to initiate the Detach/Attach when the mode has changed.

UE need to report its capability according to the current mode.
	None
	Unnecessary Detach/Attach procedure will be triggered.

Only the UE is impacted.



	TAU in case of TDD/FDD mode mobility
	UE need to initiate the TAU when the mode has changed.

UE need to report its capability according to the current mode.
	None
	Unnecessary TAU procedure will be triggered if the TDD/FDD cells can be configured in the same TA.

Only the UE is impacted.

	eNB inquire UE radio capabilities in case of TDD/FDD mode mobility
	UE need to report its capability according to the current mode, and only include the frequency band it supported in the current mode.
	eNB should check whether the frequency band of the current cell is included in the UE's capabilities to find out whether the capabilities from MME is for the right mode, and initiate the UE capability transfer procedure if necessary.
	Extra radio capabilities inquire procedure will be triggered in the inter-mode mobility case.

	Defining additional capabilities
	The UE shall report the minimum set of capabilities of TDD and FDD in the legacy part ,and report the real capabilities for TDD and FDD in the non critical extension container respectively.
	The NW shall understand the UE's capabilities according to the new ASN.1. 
	ASN.1 is changed.

No unnecessary NAS procedure is need.

Can works in both connected mode and idle mode.

For the legacy eNB, the minimum set of capabilities of TDD and FDD for the specific UE will be used.

	Using radio capability independently for FDD and TDD
	The UE shall report the minimum set of capabilities of TDD and FDD in the legacy part with RAT-type indicated as "etura", and report the real capabilities for TDD and FDD as two independent RAT indicated as "etura-TDD" and "eutra-FDD" respectively.
	The NW shall understand the UE's capabilities according to the new ASN.1. 
	No unnecessary NAS procedure is need.

Can works in both connected mode and idle mode.

ASN.1 is changed.

Lots of redundancy capabilities will be reported.

For the legacy eNB, the minimum set of capabilities of TDD and FDD for the specific UE will be used.

	MME send radio capabilities according to the current mode
	UE need to report its radio capabilities according to the current mode.
	ASN.1 for the S1 interface is changed. eNB should include the mode indicator in the message InitialUEMessage. MME should store the radio capabilities for TDD and FDD separately, and send these capabilities according to the mode indicator in message InitialUEMessage.
	ASN.1 for the S1 interface is changed.

MME is involved.




2.2
Capability handling during handover

This chapter will give a analysis about the potential solutions for the handover cases and discuss the impact to the system.

CONNECTED-1
Defining additional capabilities with NCE
Same solution as IDLE-4, no special behaviour is needed during the inter-mode or inter-RAT handover procedure. If the target eNB is legacy eNB, only the minimum set of capabilities of TDD and FDD for the specific UE will be used.

CONNECTED-2
Using radio capability independently for FDD and TDD

Same solution as IDLE-5, no special behaviour is needed during the inter-mode or inter-RAT handover procedure. If the target eNB is legacy eNB, only the minimum set of capabilities of TDD and FDD for the specific UE will be used.

CONNECTED-3
Minimum set of capability after Handover

RAN2 defines minimum set of capabilities for TDD and FDD for each release, and the minimum set of capabilities are mandatory supported by the UE of the same release. During the inter-mode or inter-RAT handover, the target eNB shall use the minimum set of capabilities. After handover , the target eNB will initiate a UE capability transfer procedure to ask for the real capabilities in the current mode. When the UE capabilities in the current mode are received, the target eNB may initiate a RRC Connection Reconfiguration procedure to configure UE according to the real capabilities of the current mode. The procedure is given in the figure as follows:
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Impact on UE:

Minimum set of capabilities for TDD and FDD shall be defined, and UE shall support the minimum set of capabilities according to its release.

Impact on Network:

eNB shall use the minimum set of capabilities in the inter-mode or inter-RAT handover, and initiate the UE capability transfer procedure to get the real capabilities for the current mode. The eNB may also initiate another RRCConnectionReconfiguration procedure to configure the UE according to the real capabilities, if necessary.
CONNECTED-4
eNB inquire UE radio capabilities in the target mode before 




Handover

eNB inquire UE's radio capabilities in the target mode before inter-mode handover by sending UECapabilityEnquire message to UE with a mode indicator (i.e. TDD or FDD) .UE shall send its radio capabilities in the response according to the additional mode indicator. Considering the radio capabilities for LTE will be transferred transparently during the inter-RAT handover from UE to the LTE NW, so this solution can not be used in the inter-RAT handover.

Impact on UE:

ASN.1 is changed. UE shall send radio capabilities according to the additional mode indicator in the message UECapabilityEnquire.

Impact on Network:

ASN.1 is changed. eNB shall send a UECapabilityEnquire with additional mode indicator to inquire the UE's radio capabilities in the target mode if the inter-mode handover is allowed.

Compare of the solutions for Connected mode mobility
	Solutions
	Impact on UE
	Impact on NW
	Remark

	Defining additional capabilities
	The UE shall report the minimum set of capabilities of TDD and FDD in the legacy part ,and report the real capabilities for TDD and FDD in the non critical extension container respectively.
	The eNB shall understand the UE's capabilities according to the new ASN.1. For the legacy eNB, the minimum set of capabilities of TDD and FDD for the specific UE will be used.
	ASN.1 is changed.

Can work in both connected mode and idle mode.

Can work in inter-RAT handover

	Using radio capability independently for FDD and TDD
	The UE shall report the minimum set of capabilities of TDD and FDD in the legacy part with RAT-type indicated as "etura", and report the real capabilities for TDD and FDD as two independent RAT indicated as "etura-TDD" and "eutra-FDD" respectively.
	The NW shall understand the UE's capabilities according to the new ASN.1. For the legacy eNB, the minimum set of capabilities of TDD and FDD for the specific UE will be used.
	ASN.1 is changed.

Lots of redundancy capabilities will be reported.

Can work in both connected mode and idle mode.

Can work in inter-RAT handover

	Minimum set of capability after Handover
	Minimum set of capabilities for TDD and FDD shall be defined, and UE shall support the minimum set of capabilities according to its release.
	eNB shall use the minimum set of capabilities in the inter-mode handover, and initiate the UE capability transfer procedure to get the real capabilities for the current mode. The eNB may also initiate another RRCConnectionReconfiguration procedure to configure the UE according to the real capabilities, if necessary.
	An extra RRC reconfiguration procedure may be needed.

UE can only work with the minimum set of capabilities during the handover procedure.

The minimum set of capabilities will be difficult to decide.

A solution for IDLE mode is needed.

Can work in inter-RAT handover

	eNB inquire UE radio capabilities in the target mode before Handover
	UE shall send radio capabilities according to the additional mode indicator in the message UECapabilityEnquire.
	eNB shall send a UECapabilityEnquire with additional mode indicator to inquire the UE's radio capabilities in the target mode if the inter-mode handover is allowed.
	ASN.1 is changed.

An extra UE capability transfer procedure is needed if the inter-mode handover is allowed.

A solution for IDLE mode is needed.

Can not work in inter-RAT handover.


2.3
Possible Combination of solutions

	
	Connected Mode
	DLE mode
	Advantage
	Disadvantage

	1
	Defining additional capabilities using NCE
	Connected mode and IDLE mode use the same solution.

No extra NAS procedure is needed.

No extra UE capabilities transfer procedure is needed. 
	ASN.1 is changed.

UE will be degraded in the Rel8 NW.

	2
	Using radio capability independently for FDD and TDD
	Connected mode and IDLE mode use the same solution.

No extra NAS procedure is needed.

No extra UE capabilities transfer procedure is needed. 
	ASN.1 is changed.

Lots of redundancy capabilities will be reported.

UE will be degraded in the Rel8 NW.

	3
	Detach/Attach in case of TDD/FDD mode mobility
	Minimum set of capability after Handover
	ASN.1 is untouched.
	Unnecessary Detach/Attach procedure will be triggered.

An extra RRC reconfiguration procedure may be needed after the handover.

An extra UE capabilities transfer procedure is needed after the handover.

	4
	TAU in case of TDD/FDD mode mobility
	Minimum set of capability after Handover
	ASN.1 is untouched.
	Unnecessary TAU procedure will be triggered.

An extra RRC reconfiguration procedure may be needed after the handover.

An extra UE capabilities transfer procedure is needed after the handover.

	5
	TAU in case of TDD/FDD mode mobility
	eNB inquire UE 's radio capabilities in the target mode before Handover
	Compared to solution 1/2, the change of ASN.1 is limited.
	ASN.1 is changed.

Unnecessary TAU procedure will be triggered.

An extra UE capability transfer procedure is needed before the inter-mode handover.

Can not work in inter-RAT handover.

	6
	eNB inquire UE radio capabilities in case of TDD/FDD mode mobility
	eNB inquire UE 's radio capabilities in the target mode before Handover
	No extra NAS procedure is needed.
	ASN.1 is changed.

An extra UE capability transfer procedure is needed before the inter-mode handover.

Can not work in inter-RAT handover.

	7
	MME send radio capabilities according to the current mode
	Minimum set of capability after Handover
	RRC ASN.1 is untouched.

No extra NAS procedure is needed.
	ASN.1 for the S1 interface is changed.

MME is involved.

An extra RRC reconfiguration procedure may be needed after the handover.

An extra UE capabilities transfer procedure is needed after the handover.

	8
	MME send radio capabilities according to the current mode
	eNB inquire UE's radio capabilities in the target mode before Handover
	No extra NAS procedure is needed.
	ASN.1 for both the UU and S1 interface are changed.

MME is involved.

An extra UE capabilities transfer procedure is needed after the handover.

Can not work in inter-RAT handover.


According to the analysis above, it is easy to find the solution 1 has less complexity and better efficiency (i.e. no extra NAS/AS procedure will be initiated). So, we give our proposal as:

Proposal 1: It is proposed to defining additional capabilities with NCE for the subset of UE capabilities and FGIs, which could be allowed to be different for dual duplex mode UEs. 
3
Conclusion

In this contribution, we discussed the handling of FDD/TDD capabilities in case UE supports different sets of radio capabilities and FGIs in different modes. Based on the discussion above, we give our proposal as follows:
Proposal 1: It is proposed to defining additional capabilities with NCE for the subset of UE capabilities and FGIs, which could be allowed to be different for dual duplex mode UEs. 
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