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1 Introduction
RAN1 specifications, except for UE capabilities, for Rel-13 eMTC, eCA, LAA and FD-MIMO have been practically finalized and most corresponding CRs have been endorsed as baselines [1]. In order to finalize UE capability, the Rel-13 UE feature list was discussed over email [2]. In this contribution, possible issues on the Rel-13 UE capability and corresponding alternatives are considered.

2 Discussion

Further LTE Physical Layer Enhancements for MTC
Regarding the UE capability for Rel-13 eMTC, a UE feature list is proposed as in Table 1. 

Table 1: Proposed UE feature list for Rel-13 eMTC
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11/12 features)
	Need for eNB to know whether the
feature is supported by the UE
(what happens if eNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation

	1-1
	Low complexity MTC UE
	1.Reduced Bandwidth of 1.4 MHz(or 6 RBs)

2. Max. 1000 bits TBS for broadcast and unicast transport block

3. No simultaneous reception of DL
	1-3
	Yes
	Less potential for reduction of UE cost and UE power consumption
	No need
	　
	　
	RAN1
	Mandatory for cat-M UE

	1-2
	Low UE power class
	20 dBm max UE transmission power
	1-1
	No
	Less potential for reduction of UE cost and UE power consumption
	No need
	　
	　
	RAN4
	Optional 

	1-3
	Coverage enhancement mode A
	Moderate coverage enhancement through repetition

	　
	Yes
	Worse than normal LTE coverage for bandwidth reduced low complexity UE
	No
	　
	　
	RAN1
	Mandatory for cat-M UE

Optional for other category UE

	1-4
	Coverage enhancement mode B
	Large coverage enhancement through repetition
	1-3
	Yes
	No enhanced coverage
	No
	　
	　
	RAN1
	Optional 

	1-5
	Half-duplex
	Half-duplex FDD capability(Type B operation)
	1-1
	Yes
	Half duplex operation is not possible
	N/A(only for FDD )
	
	The rel-12 HD-FDD UE capability can be reused for Rel-13 LC/CE UEs
	RAN1
	Optional


Regarding the feature group list for Rel-13 eMTC, with the one provided by NTT Docomo suffices as a first step. Additionally, half-duplex operation (type B operation) should be included as a separate feature group since an eNB needs to differentiate a HD-FDD UE from a FD-FDD UE. The Rel-12 HD-FDD UE capability can be reused for Rel-13 LC/CE UEs. 

A new category (e.g. cat-M) needs to be defined for Rel-13 LC/CE UEs and the feature group 1-1 (low complexity MTC UE) should be mandatory for cat-M LC/CE UEs. Feature group 1-3 (CE mode A) should be mandatory for cat-M LC/CE UE to compensate performance loss due to low complexity. It is acceptable to merge feature group 1-3 (CE mode A) into feature group 1-1. Moreover, the feature group of CE mode A can be optional for the other category UEs to support coverage enhancement for non-LC/CE UEs. CE mode B can be optional for the Rel-13 LC/CE UEs to allow flexibility in UE implementations. Additional feature groups, such as for example whether to have optional PDSCH transmission modes, can be considered. 
LTE carrier aggregation beyond 5CCs

The UE feature list in Table 2 is proposed for eCA.
Table 2: Proposed UE feature list for eCA

	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11 features)
	Need for eNB to know whether the
feature is supported by the UE
(what happens if eNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation

	2-1
	PUCCH on Scell
	1) Configuration of PUCCH for Scell
2) Serving cell grouping for PUCCH on Pcell and SCell
3) PUCCH on Scell transmit power control procedure
	UL CA
	Yes
	Network cannot utilize PUCCH on Scell operation for such UE
	No need
	　
	It is supported for up to 5 CCs as well as up to 32 CCs
	RAN1
	Optional w/ capability signaling

	2-2
	USS blind decoding reduction
	1) Not monitoring DCI format 0/1A
2) (E)PDCCH candidate reduction on USS
	DL CA
	Yes (eNB assumes the full BDs are supported by the UE)
	UE needs to support the full set of blind decoding depending on the number of CCs
	No need
	　
	The related UE capability signaling contains 32 values, each indicating the number of BDs supported in UE specific search spaces per subframe, given by {32*[5,…,32], 4 reserved values for future use}
	RAN1
	Mandatory w/ capability signaling

	2-3
	Cross-carrier scheduling beyond 5CCs
	CIF to scheduled cell mapping (i.e. cif-InSchedulingCell-r13)
	DL CA, Rel 10 cross-carrier scheduling
	Yes (eNB cannot configure the UE with cross-carrier scheduling in case of having more than 5 configured CCs)
	UE cannot support  cross-carrier scheduling for a cell with serving cell index of > 8
	No need
	　
	　
	RAN1
	Optional w/ capability signaling

	2-4
	PUCCH format 4
	1) Resource allocation for PUCCH format 4
2) TPC operation for PUCCH format 4
3) Simultaneous AckNack and CQI on PUCCH format 4
4) Multi-cell periodic CSI reporting on PUCCH format 4
	DL CA
	Yes
	UCI (HARQ-ACK and/or CSI) transmission for more than 5 CCs cannot be supported
	No need
	　
	　
	RAN1
	Mandatory for Rel-13 eCA UEs

	2-5
	PUCCH format 5
	1) Resource allocation for PUCCH format 5
2) TPC operation for PUCCH format 5
3) Simultaneous AckNack and CQI on PUCCH format 5
4) Multi-cell periodic CSI reporting on PUCCH format 5
	DL CA, PUCCH format 4
	Yes
	Only PUCCH format 4 is supported to transmit UCI feedback
	No need
	　
	　
	RAN1
	Optional w/ capability signaling


1)  Mode 1-1 for aperiodic CSI reporting

	2) Mode 1-0 for aperiodic CSI reporting
	DL CA
	Yes
	Cannot be configured and used by eNB
	No need
	　
	　
	RAN1
	Optional w/ capability signaling

	2-7
	UCI on PUSCH
	1) TBCC coding for HARQ-ACK
2) Second Beta Offset configuration
	DL CA
	Yes
	Larger HARQ-ACK payload size on UCI is not supported
	No need
	　
	　
	RAN1
	Mandatory for Rel-13 eCA UEs

	2-8
	HARQ-ACK codebook determination
	1) Fixed codebook size operation
2) DAI based codebook size operation
	DL CA
	Yes
	HARQ-ACK transmission for more than 5 CCs cannot be supported
	No need
	　
	　
	RAN1
	Mandatory for Rel-13 eCA UEs

	2-9
	Aperiodic CSI reporting with 3bit triggering
	3bit triggering mechanism
	DL CA
	Yes
	CSI reporting limited to a smaller number of CSI sets
	No need
	　
	　
	RAN1
	Mandatory for Rel-13 eCA UEs

	2-10
	Enhanced TDD CA DL HARQ-Ack timing
	Application of FDD Scell DL HARQ timing from TDD-FDD CA with TDD Pcell to TDD Scell DL HARQ timing of TDD CA with different UL/DL configurations
	DL CA, Rel-11 TDD CA
	Yes
	Balancing of HARQ-ACK in time domain is not supported
	Yes
	　
	　
	RAN1
	Optional w/ capability signaling

	2-11
	HARQ-Ack spatial bundling according to configuration
	Spatial bundling according to the eNB configuration
	DL CA
	Yes
	HARQ-Ack payload size cannot be reduced by configuring spatial bundling by the eNB
	No need
	　
	　
	RAN1
	Mandatory for Rel-13 eCA UEs

	2-12
	Max. number of CSI processes to be updated
	Max. number of CSI processes that UE can update across CCs
	DL CA
	Yes
	No support of CSI triggering in Rel-13 eCA or some relaxation to address UE complexity should be considered
	No need
	　
	The value range of the UE capability signaling of the maximum number of updated CSI processes across CCs is 5 to 32, with a granularity of 1
	RAN1
	Mandatory for Rel-13 eCA UEs


Based on the discussion in the email reflector [2], the main points are as follows.

· It is preferred to have the original UE feature list in [2] except for 2-8 and 2-12.

· Feature group 2-8 consists of fixed codebook size operation and DAI based codebook size operation. Then, at most 2 bits can indicate support of each one in Feature group 2-8.

· Feature group 2-12 for “Max. number of CSI processes to be updated” is added. In RAN1#83, the following was agreed.
	Agreements:
· For UE capability signaling, one UE capability bit for PUCCH format 4 and another UE capability bit for PUCCH format 5
· The value range of the UE capability signalling of the maximum number of updated CSI processes across CCs is 5 to 32, with a granularity of 1


Therefore, feature group 2-12 for “Max. number of CSI processes to be updated” is necessary to indicate the maximum number of updated CSI processes across CCs from 5 to 32 with a granularity of 1.
Licensed-assisted access to unlicensed spectrum
The UE feature list in Table 3 is proposed for LAA.
Table 3: Proposed UE feature list for LAA
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11/12 features)
	Need for eNB to know whether the
feature is supported by the UE
(what happens if eNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation

	3-1
	UE procedure related to LAA DL reception
	1) Identification of DL transmission and reception from serving cell for full TTI
2) Common DL control signaling decoding on LAA SCell
3) LAA CSI feedback
4) LAA DRS-based RRM measurement
5) UE-reported RSSI measurement
	DL CA and DRS-based discovery signal/procedure
	Yes
	LAA DL reception is not possible
	No need
	　
	　
	RAN1
	Optional

	3-2
	Ending Partial TTI support
	1) Ending partial TTI
	3-1
	Yes
	UE does not receive partial TTI
	No
	　
	　
	RAN1
	Optional

	3-3
	Initial Partial TTI support
	1) Initial partial TTI
	3-1
	Yes
	UE does not receive partial TTI
	No
	　
	　
	RAN1
	Optional


To support LAA operation on partial TTI, a huge implementation change would be expected to both eNB and UE side, which may result in impeding deployment of LAA. Therefore, it is preferred to have separate feature groups for full and partial TTI. 
Regarding UE-reported RSSI, it could be considered as one of important features for LAA as an assistance information, which would enable eNB to configure LAA SCell to UE with less hidden node around. Therefore, it would be desirable to include UE-reported RSSI feature into the main feature group 3-1.

Elevation beamforming/full-dimension MIMO
The UE feature list in Table 4 is proposed for FD-MIMO.
Table 4: Proposed UE feature list for FD-MIMO

	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11/12 features)
	Need for eNB to know whether the
feature is supported by the UE
(what happens if eNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	4-1
	Class A CSI reporting
	1) 2D class A codebooks (for 8, 12, and 16 ports)
	TM 9 or TM 10
	Yes
	CSI reporting based on 2D codebooks for CSI-RS with 12 and 16 ports not possible
	No
	　
	　
	RAN1
	Optional

	
	
	2) P-CSI and A-CSI for 2D codebooks
	
	
	
	
	
	
	
	

	
	
	3) 12- and 16-port CSI-RS
	
	
	
	
	
	
	
	

	4-2
	Class B CSI reporting
	1) K>1 NZP CSI-RS resources configuration and CRI reporting (for P-CSI and A-CSI)
	TM 9 or TM 10
	Yes
	CSI reporting to support beamformed CSI-RS operation not possible 
	No
	　
	　
	RAN1
	Optional

	
	
	2) K=1 NZP CSI-RS resource, PMI.Config (=1 or 2), codebooks for PMI.Config = 1, and associated P-CSI and A-CSI modes
	
	
	
	
	
	
	
	

	4-2a
	Class B CSI reporting: extended Nmax
	The max total number of NZP CSI-RS ports (summed across K resources) Nmax
	TM9 or TM10, 4-2
	Yes
	UE shall support 64 CSI-RS ports per CSI-process for class B CSI reporting
	No
	　
	　
	RAN1
	Optional

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	4-3
	The max total number of CSI-RS ports per CC
	The max total number of NZP CSI-RS ports (summed across K resources and Np CSI-processes)
	TM9 or TM10, 4-1 or 4-2
	Yes
	UE shall support 64*SupportCSIproc CSI-RS ports per CC for class B reporting
	No
	　
	　
	RAN1
	Optional

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	4-4
	Enhanced SRS
	1) Additional UpPTS symbols
2) Comb-4
	　
	Yes
	Use of the additional SRS resources not possible
	No
	　
	　
	RAN1
	Optional

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	4-5
	Channel Measurement Restriction (MR)
	1) channel MR
	TM9 or TM10
	Yes
	No channel MR
	No
	　
	　
	RAN1
	Optional

	4-6
	Interference Measurement Restriction (MR)
	1) interference MR
	TM 10
	Yes
	No interference MR
	No
	　
	　
	RAN1
	Optional

	4-7
	Enhanced DMRS
	1) 4 orthogonal DMRS ports
2) 4 bits DMRS signaling table
	TM9 or TM10
	Yes
	No support of 4 orthogonal DMRS ports for MU-MIMO
	No
	　
	　
	RAN1
	Optional

	
	
	
	
	
	
	
	
	
	
	

	4-8
	CSI-RS-TDD
	1) CSI-RS in DwPTS
	TM9 or TM10
	Yes
	No CSI-RS in DwPTS
	Yes
	　
	　
	RAN1
	Optional


As provided in the email discussion [2], our proposal on FD-MIMO can be summarized as follows:
· As described by 4-3, we prefer to have a feature group that indicates the maximum total number of CSI-RS ports per CC.
· Without 4-3, the maximum total number of CSI-RS ports per CC will be Nmax times supportedCSI-Proc-r11.
· Although UE supports Nmax=64 in a CSI process and 4 CSI processes for 12 and 16 CSI-RS ports, supporting Nmax=64 for 4 CSI processes requires much more UE complexity.

· In this case, UE has to select its capability from following alternatives:

· Nmax=64 with limited number of CSI processes.

· Nmax=16 with 4 CSI processes.

· In both cases, UE can’t optimize its capability due to the restriction of UE capability.

· By adopting 4-3, low complexity UEs will be able to support various combinations of FD-MIMO features without restricting its capability for class A or CoMP.

· As described by 4-4, we prefer to have a unified feature group for SRS similar to other features such as Class A and Class B CSI reporting.

· Computational complexity for SRS enhancement is more burdensome in eNB side than in UE side.

· If each feature component in SRS enhancement is supported by multiple feature groups, then unexpected scheduling restriction as well as eNB complexity issue may restrict system performance.

Enhanced proximity-based service

The UE feature list in Table 5 is proposed for eProSe with highlights on updates.
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11/12 features)
	Need for eNB to know whether the
feature is supported by the UE
(what happens if eNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation

	5-1
	Inter-frequency Discovery without SLSS
	Support Type 1 and Type 2 discovery transmission/reception on other frequency than that of the primary cell.
	D2D Discovery without SLSS
	TBD
	Inter-frequency D2D discovery without SLSS not supported
	TBD 
	　
	　
	RAN2
	TBD

	5-2
	Inter-frequency Discovery with SLSS
	1) Support Type 1 and Type 2 discovery transmission/reception on other frequency than that of the primary cell
2) Support SLSS transmission and reception on other frequency than that of the primary cell
	D2D Discovery with SLSS
	TBD
	Inter-frequency D2D discovery with SLSS not supported
	TBD 
	　
	　
	RAN2
	TBD

	5-3
	Out of coverage discovery
	1) Support Type 1 discovery out of coverage
2) Support PSBCH transmission and reception
	D2D Discovery with SLSS
	No
	Out of coverage discovery is not supported
	No
	　
	The feature applies to D2D operation on single carrier.
	RAN1
	TBD

	5-4
	Remote UE for UE to Network Relay
	Measure strength of  PSDCH
	D2D Communication & 5-3
	Yes
	UE to network relay is not supported
	No 
	　
	The feature applies to D2D operation on single carrier.
	RAN1
	TBD

	5-5
	Relay UE for UE to Network Relay
	Support transmission of multiple PSCCH and PSSCH within a PSCCH period. 
	D2D Communication & D2D Discovery
	Yes
	UE to network relay is not supported
	TBD 
	　
	The feature applies to D2D operation on single carrier.
	RAN2
	TBD
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