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1 Introduction

During RAN#57 meeting, the following work plan on Rel-11 LTE UE capabilities was agreed ‎[1]. 
The October meetings of RAN1#70bis, RAN2#79bis and RAN4#64bis:

· 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:

1). The need of capability signalling for optional features

2). Whether FGI is/are required for mandatory features

3). The need of FDD/ TDD differentiation for individual Rel-11 capabilities/FGIs

In this contribution, the recommended capabilities and the need of FDD/TDD differentiation for individual Rel-11 capabilities/FGIs for the RAN1 responsible features are discussed.
2 Proposal for UE capabilities of RAN1 responsible features
In the following, our views on UE capabilities for the RAN1 responsible features are provided.
Table 1. Proposal for UE capabilities of RAN1 responsible features

	WI
	#
	Feature group
	Recommendation
	Comments

	1. CA
	1-2
	Different UL/DL configuration
	No additional UE capability.
	Supported by the UEs capable of inter-band TDD CA

	
	1-5
	Multi-cell ACK and CSI reporting
	No additional UE capability
	Supported by the UEs capable of CA or TDD UEs. FGI can be considered.

	
	1-6
	SORTD PUCCH format 1b with CS for CA
	No additional UE capability
	Supported by the UEs capable of UL MIMO

	5. FeICIC
	5-1
	CRS interference handling
	Mandatory
	

	
	5-2
	[FFS] SS and common channel interference handling
	Mandatory (if specified)
	

	7. CoMP
	7-1
	DL CoMP operation
	Mandatory
	FGI can be considered for DL CoMP+CA (for the UEs capable of CA)

	
	7-2
	UL CoMP operation
	Mandatory
	

	10. DL control channel enhancement
	10-1
	EPDCCH reception

[FFS – separate sub-groups for EPDCCH reception with different PDSCH transmission modes]
	Mandatory
	

	12. Other
	12-1
	TDD special subframe
	Mandatory
	Only applicable for TDD UEs


2.1 Feature groups of CA

For the features with prerequisite feature groups, it is meaningful to discuss whether additional UE capabilities are needed.
· Different UL/DL configuration
It is recommended for TDD UEs capable of inter-band CA to support this feature and no additional UE capability is added.
· If this feature is set to UE capability, the UEs not capable of this feature would be configured with one serving cell or with the cells of the same UL/DL configuration. In such case, depending on the number of UEs capable of this feature, it is possible that the network cannot achieve the performance gain by configuring different UL/DL configurations.
· Multi-cell ACK and CSI reporting
This feature is recommended to be supported by the FDD UEs capable of CA or by the TDD UEs. FGI can be considered.

· This feature is applicable to FDD with CA and to TDD with or without CA [2]. Multi-cell ACK should be revised to ‘Multi-ACK’ considering single CA TDD case is also applicable
· This feature reduces the probability of CSI reports dropping. In Rel-10, CSI reports are dropped when Multi-ACK and CSI are to be transmitted in the same subframe, which results in that CSI reports are dropped frequently. Therefore, this feature can avoid dropping CSI frequently and thus avoid heavy impact on system performance [4]. 
Proposal: 
Revise the name of feature group 1-5 ‘Multi-cell ACK and CSI reporting’ into ‘Multi-ACK and CSI reporting’.
· SORTD PUCCH format 1b with CS for CA
· Following the capability definition of Rel-10, where the SORTD for the other PUCCH formats except for format 1b with channel selection are supported by the UEs capable of UL MIMO, there is no need to set additional UE capability for SORTD of PUCCH format 1b with channel selection in Rel-11.
· The applicability for single cell case is still under discussion. We consider it is applicable as there is no difference to support this feature for single cell case and for multiple cell case, while transmit diversity was originally discussed in UL MIMO instead of CA in Rel-10. [3]
2.2 Feature groups of FeICIC

· CRS interference handling
CRS interference handling in receiver is a key technique to make cell range expansion beneficial and feasible given the CRS handling in transmitter is not adopted yet. Thus this feature should be mandatory for FeICIC-capable UE to support flexible network deployment and traffic offloading. 

· [FFS] SS and common channel interference handling
Similar reason as CRS interference handling, to enable successful acquisition of common channel information, the interference handling capability in receiver side should be guaranteed especially for TDD system. 

2.3 Feature groups of CoMP

· DL CoMP operation
For DL CoMP operation without CA, all features of transmission mode 10 should be supported by Rel-11 UEs, including virtual scrambling identities for CSI-RS and DMRS, multiple CSI-RS resources, multiple IMRs, multiple CSI processes, downlink control signalling of CRS positions and quasi co-location assumption for PDSCH rate matching and demodulation, and CSI request bits for CoMP aperiodic CSI feedback. 
Additional features are needed to support simultaneous operation of DL CoMP and CA (periodic CSI feedback dropping rules for multiple CSI processes on multiple component carriers, additional configuration of aperiodic CSI feedback sets and potentially a larger DCI format). The support of these features should depend on the prerequisite support of CA. In addition, UE processing complexity for CSI feedback would be increased to support a larger number of CSI processes. Simultaneous operation of DL CoMP and CA should be a separate feature group than just the combination of CoMP feature group and CA feature group. A separate FGI can be considered for the support of simultaneous operation of DL CoMP and CA.
· UL CoMP operation
For UL CoMP operation, Rel-11 UEs should support virtual scrambling identities for UE specific PUSCH DM RS and PUCCH sequence and CS hopping configuration, UE specific configuration for dynamic PUCCH format 1a/1b resource, and SRS power control with extended range of SRS power offsets for periodic and aperiodic SRS. There is no addition impact for the simultaneous operation of UL CoMP and CA, except for the prerequisite support of CA. Only small changes to the standard and implementation are required to support these features.
2.4 Feature groups of DL control channel enhancement

Enhanced downlink control channel can increase the downlink control channel capacity, achieve cell             splitting gain and support ICIC for the downlink control channels, which is vital to support the operation in heterogeneous network. Thus, enhanced downlink control channel should be supported by Rel-11 UEs.
2.5 Feature groups of TDD special subframe

There is very little change in standard to support the additional TDD special subframe configuration. It is recommended for all the TDD UEs to support this feature.
3 The need of FDD/TDD differentiation for RAN1 responsible features
The feature groups of 1-2 ‘Different UL/DL configuration’ and 12-1 ‘TDD special subframe’ listed above are applicable only for TDD UEs. 
The feature group of 1-5 ‘Multi-ACK and CSI reporting’ listed above is recommended to be supported by the FDD UEs capable of CA or by the TDD UEs.

For all the other features, there is no difference or little difference technically between TDD and FDD, and thus there is no need for FDD/TDD differentiation for the other features.
4 Feature description for CoMP
A working assumption was made in RAN1 #70 meeting that a UE can be configured with CoMP and CA in Rel-11. Following the working assumption, in the feature list attached in [1], the wording below is captured for DL CoMP component
- [FFS] Periodic/aperiodic CSI feedback configuration in conjunction with CA
In addition, ‘[FFS] CA’ was listed as the prerequisite feature groups for DL CoMP.

However, CA is actually the prerequisite feature groups only for the scenario of CoMP+CA rather than CoMP only, both for UL and DL. So it is proposed to rewrite ‘[FFS] CA’ in the prerequisite feature groups for DL CoMP into ‘[FFS] CA for CoMP+CA’, and to add ‘‘[FFS] CA for CoMP+CA’  to the prerequisite feature groups for UL CoMP.

5 Conclusions
The UE capabilities of RAN1 responsible features are recommended in Table 1. In addition, we have the following two proposals.
Proposal 1: Revise the name of feature group 1-5 ‘Multi-cell ACK and CSI reporting’ into ‘Multi-ACK and CSI reporting’.

Proposal 2: There is no difference or little difference technically between TDD and FDD for all the RAN1 responsible features expect of the following:
· The feature group of 1-2 ‘Different UL/DL configuration’ is applicable only for TDD UEs. 

· The feature group of 12-1 ‘TDD special subframe’ is applicable only for TDD UEs. 

· The feature group of 1-5 ‘Multi-ACK and CSI reporting’ is recommended to be supported by the FDD UEs capable of CA and by the TDD UEs.
Proposal 3: Revise the feature description of CoMP:
· Rewrite ‘[FFS] CA’ in the prerequisite feature groups for DL CoMP into ‘[FFS] CA for CoMP+CA’
· Add ‘‘[FFS] CA for CoMP+CA’  to the prerequisite feature groups for UL CoMP.
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