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1 Introduction
In RAN#57, the following actions are required at RAN1#70bis, RAN2#79bis and RAN4#64bis according to [1]:
· RAN1/2/4 to finalise FFS components and agree WG recommendations on mandatory/optional features.

· RAN1/2/4 to analyse a need of FDD/ TDD differentiation for individual Rel-11 capabilities.

· RAN1/4 to inform RAN2 about:

· The need of capability signalling for optional features

· Whether FGI is/are required for mandatory features

· The need of FDD/TDD differentiation for individual Rel-11 capabilities/FGIs

In this contribution, we provide our views on Rel-11 UE capabilities and feature groups for which RAN1 is responsible working group.
2 Discussion
In this section, we discuss each of the feature groups for which RAN1 is the responsible working group, according to the required actions in [1].

2.1 Feature group 1-2

Feature group 1-2 is to enable the support of different UL-DL configuration for TDD inter-band CA. The prerequisite of this feature is that the UE supports TDD inter-band CA. Given that carrier aggregation itself is an optional feature, feature group 1-2 shall also be an optional feature. 

TDD inter-band carrier aggregation with different UL-DL configurations includes the support of self-carrier scheduling and cross-carrier scheduling. Considering that different UL-DL configurations are expected to be practically useful in various TDD inter-band CA deployment cases, it is suggested that for a UE that supports TDD inter-band CA, it shall always support different UL-DL configurations on different bands with self-carrier scheduling. In other words, no additional UE capability is needed to indicate the UE’s capability of supporting TDD inter-band carrier aggregation with different UL-DL configurations for the self-carrier scheduling case. For the cross-carrier scheduling case, considering that a separate UE capability signaling is used in Rel-10, then either the Rel-10 UE capability signaling on cross-carrier scheduling or a new UE capability signaling can be used to indicate the UE’s capability of supporting TDD inter-band carrier aggregation with different UL-DL configurations for the cross-carrier scheduling case.
Since this feature is for TDD only, there is no FDD/TDD differentiation required for this feature group.

Summary of proposal for feature group 1-1:
· Feature group 1-2 shall be an optional feature;

· No additional UE capability signalling is required for TDD inter-band CA with different UL-DL configurations for the self-carrier scheduling case, i.e. all UEs support TDD inter-band CA shall support TDD inter-band CA with different UL-DL configurations for the self-carrier scheduling case;

· Either the Rel-10 UE capability signaling on cross-carrier scheduling or a new UE capability signaling can be used to indicate the UE’s capability of supporting TDD inter-band CA with different UL-DL configurations for the cross-carrier scheduling case;

· FDD/TDD differentiation is not required 
2.2 Feature group 1-5

Feature group 1-5 is to enable multiplexing of multi-cell HARQ-ACK and periodic CSI reporting using PUCCH format 3. The prerequisite is that the UE shall support PUCCH format 3, i.e. the UE shall support FDD carrier aggregation with more than 2 serving cells or support TDD carrier aggregation. Since carrier aggregation itself is an optional feature, it is therefore reasonable that feature group 1-5 is also an optional feature.

It is noted that multiplexing of HARQ-ACK and periodic CSI using PUCCH format 2/2a/2b is supported as a mandatory feature in Rel-8. It is therefore proposed that feature group 1-5 is always supported if the UE supports PUCCH format 3 (i.e. the UE supports FDD carrier aggregation with more than 2 serving cells or TDD carrier aggregation).  In other words, no additional UE capability signaling is needed for feature group 1-5. 
Given that this feature is beneficial for both FDD and TDD, and the design is largely common for both FDD and TDD, there is no need to differentiate FDD/TDD for this feature group.

Summary of proposal for feature group 1-5:

· Feature group 1-5 shall be an optional feature;

· No additional UE capability signalling is required for multiplexing of multi-cell HARQ-ACK and periodic CSI reporting using PUCCH format 3, i.e. all UEs support PUCCH format 3 (i.e. the UEs support FDD carrier aggregation with more than 2 serving cells or TDD carrier aggregation) shall support multiplexing of multi-cell HARQ-ACK and periodic CSI reporting using PUCCH format 3;

· FDD/TDD differentiation is not required 
2.3 Feature group 1-6

This feature group is to enable SORTD as the transmit diversity scheme for PUCCH format 1b with channel selection for carrier aggregation. The prerequisite is that a UE supports carrier aggregation. Since carrier aggregation itself is an optional feature, and PUCCH transmission on multiple antenna ports for PUCCH format 1/1a/1b/2/2a/2b and PUCCH format 3 (if supported by the UE) is also an optional feature in Rel-10, this feature group shall also be an optional feature.
This feature mainly targets for cell-edge UEs. It is therefore proposed that a separate UE capability signaling is used for feature group 1-6.

Given that the design of this feature is largely common for both FDD and TDD, FDD/TDD differentiation is not required. 

Summary of proposals for feature group 1-6:

· Feature group 1-6 shall be an optional feature;

· A new UE capability signalling is required for SORTD of PUCCH format 1b with channel selection, i.e. a UE supports carrier aggregation does not necessarily support SORTD of PUCCH format 1b with channel selection;

· FDD/TDD differentiation is not required.
2.4 Feature group 5-1

This feature is to enable CRS interference handling and is already agreed as a UE capability with a new capability signaling. Hence, it shall be an optional feature.
Since the design of this feature is largely common for both FDD and TDD, FDD/TDD differentiation is not required. 

Summary of proposals for feature group 5-1:
· Feature group 5-1 shall be an optional feature;

· A new capability signaling is used, as already agreed;

· FDD/TDD differentiation is not required.
2.5 Feature group 5-2

This feature group is to enable interference handling for synchronization signals and common channels. The prerequisite is that the UE shall support feature group 5-1, i.e. CRS interference handling. Given that feature 5-1 is an optional feature, feature group 5-2 shall also be an optional feature.
Given that interference handling of synchronization signals and common channels shall benefit frame SFN-synchronized hetnet deployments, it is preferable that no additional capability signaling is used for TDD, i.e. for TDD, if a UE supports feature group 5-1, the UE shall also support feature group 5-2. For FDD, given that SFN-synchronization cannot always be assumed and subframe offset can be used as the interference handling for SS and PBCH, it is proposed that a separate UE capability signaling is adopted for FDD. 
Given the above discussion, FDD/TDD differentiation is required for feature group 5-2.

Summary of proposals for feature group 5-2:

· Feature group 5-2 shall be an optional feature;

· No additional UE capability signaling is needed for TDD, i.e. for TDD, if a UE supports feature group 5-1, the UE shall also support feature group 5-2;
· Additional capability signaling is needed for FDD;
· FDD/TDD differentiation is required.
2.6 Feature group 7-1

This feature is to enable DL CoMP operation. To support DL CoMP, the UE shall support channel estimation on multiple NZP CSI-RS resources, interference measurements on UE specific IMR, periodic/aperiodic CSI reporting of multiple CSI processes, etc. which would significantly increase the UE implementation complexity. It is further noted that the benefits of DL CoMP are only for the UE who supports DL CoMP and the throughput gains may not be universal to all UEs in the system (i.e. cell-interior UEs may achieve less gain compared to cell-edge UEs). Hence, it is recommended that this feature group is an optional feature.
Note that a new DL transmission mode TM10 has been agreed for DL CoMP operation. Hence, a new UE capability signaling can be introduced for the support of TM10.

Since the design is largely common for both FDD and TDD, FDD/TDD differentiation is not required. 

Summary of proposals for feature group 7-1:

· Feature group 7-1 shall be an optional feature;

· A new capability signaling is needed for DL TM10;
· FDD/TDD differentiation is not required.
2.7 Feature group 7-2

This feature is to enable UL CoMP operation. Similar to the handling of DL CoMP, it is recommended that this feature group is an optional feature. New capability signaling is required and FDD/TDD differentiation is not required.

· Feature group 7-2 shall be an optional feature;

· A new capability signaling is needed;
· FDD/TDD differentiation is not required.
2.8 Feature group 10-1

This feature group is to enable EPDCCH. EPDCCH is beneficial in terms of increased control channel capacity, support of frequency domain ICIC for control channel, improved spatial reuse for control channel resource, and is also an essential element to support the operation of new carrier type. Hence, it is recommended that EPDCCH is a mandatory feature.
Although IoT opportunity for EPDCCH is not clear at this stage, considering the importance of EPDCCH, it is recommended that FGI is not used in order to ensure that EPDCCH can be properly supported in Rel-11. 

One element of EPDCCH that may require a UE capability signaling is for the restriction of maximum number of TrCH bits receivable in a TTI scheduled by EPDCCH.

Since the EPDCCH design is largely common for both FDD and TDD, FDD/TDD differentiation is not needed.
Summary of proposals for feature group 10-1:

· Feature group 10-1 shall be a mandatory feature;

· FGI is not required;

· Possibly to introduce a UE capability signal for the restriction of maximum number of TrCH bits receivable in a TTI scheduled by EPDCCH;

· FDD/TDD differentiation is not required.
2.9 Feature group 12-1

This feature is to enable new TDD special subframe configuration. This is a relatively small feature but would benefit all UEs in the system. Therefore, it is recommended that feature group 12-1 is a mandatory feature.
Given that this feature group has limited impact on UE and network implementation, it is proposed and FGI is not needed for this feature group. 

Since this feature is for TDD only, FDD/TDD differentiation is not required.
Summary of proposals for feature group 12-1:

· Feature group 12-1 shall be a mandatory feature;

· FGI is not required;

· FDD/TDD differentiation is not required.
3 Conclusions

In this contribution, we discuss the Rel-11 UE capabilities and feature groups. Our recommendation is summarized in the following table.

	Feature group
	Mandatory or optional
	FGI for mandatory features

UE capability signaling for optional features
	FDD/TDD differentiation

	1-2
	Optional
	· No additional UE capability signalling is required for TDD inter-band CA with different UL-DL configurations for the self-carrier scheduling case, i.e. all UEs support TDD inter-band CA shall support TDD inter-band CA with different UL-DL configurations for the self-carrier scheduling case

· Either the Rel-10 UE capability signaling on cross-carrier scheduling or a new UE capability signaling can be used to indicate the UE’s capability of supporting TDD inter-band CA with different UL-DL configurations for the cross-carrier scheduling case
	Not required

	1-5
	Optional
	· No additional UE capability signalling is required for multiplexing of multi-cell HARQ-ACK and periodic CSI reporting using PUCCH format 3, i.e. all UEs support PUCCH format 3 (i.e. the UEs support FDD carrier aggregation with more than 2 serving cells or TDD carrier aggregation) shall support multiplexing of multi-cell HARQ-ACK and periodic CSI reporting using PUCCH format 3
	Not required

	1-6
	Optional
	· A new UE capability signalling is required for SORTD of PUCCH format 1b with channel selection, i.e. a UE supports carrier aggregation does not necessarily support SORTD of PUCCH format 1b with channel selection
	Not required

	5-1
	Optional
	· A new capability signaling is used, as already agreed
	Not required

	5-2
	Optional
	· No additional UE capability signaling is needed for TDD, i.e. for TDD, if a UE supports feature group 5-1, the UE shall also support feature group 5-2
· Additional capability signaling is needed for FDD
	Required

	7-1
	Optional
	· A new capability signaling is needed for DL TM10
	Not required

	7-2
	Optional
	· A new capability signaling is needed;
	Not required

	10-1
	Mandatory
	· FGI is not required

· Possibly to introduce a UE capability signal for the restriction of maximum number of TrCH bits receivable in a TTI scheduled by EPDCCH
	Not required

	12-1
	Mandatory
	· FGI is not required
	Not required
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