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1. Introduction 
In RANP#57 meeting, it has been approved to re-start the WI of new carrier type (NCT) [1] with the motivation of enhancing system spectral efficiency, improved support of HetNet deployments and reducing network energy consumption. It is identified that these motivations can be achieved by enhancing the transmission of data and control on the NCT by means of reducing or eliminating legacy control signaling, synchronization signals, and common reference signals (CRS) of the current LTE system. The NCT could be used in conjunction with carrier aggregation of a legacy LTE carrier or it could be used in standalone mode. 

In this contribution, we first discuss the requirements for the designing of NCT in phase 1 and phase 2, and then provide ways of enhancing the transmission of data and control on the NCT such as reducing or eliminating legacy control signaling, common reference signals (CRS) and enhancing resource allocation methods of the current LTE system.
2. Requirements for the NCT design

2.1 Requirement of Phase 1 NCT

Considering the scope of the Phase 1 work [1], where NCT is to be aggregated with a legacy LTE carrier, the following usage of the NCT and physical channel requirements are envisaged: 
· The legacy LTE carrier is PCell and the NCT is SCell.
· The NCT shall have frame timing and SFN being aligned with the legacy LTE carrier that it is aggregated with.
· Synchronisation (i.e. acquisition and tracking) has to be provided at least for unsynchronised NCT. Whether to treat differently for synchronised and unsynchronised NCTs has to be carefully examined based on usefulness, resource utilisation gain, and impact of potentially new base station requirements and UE processing.
· Support of ePDCCH for cross-carrier and no cross-carrier scheduling.
· Enhanced PHICH for the case of no cross-carrier scheduling.
· Support of RRM measurement of NCT.
· Support only DM-RS based transmission scheme(s).

The design of new or reduced or elimination of physical channels should ideally be also applicable when NCT is operating in standalone and macro-assisted modes during Phase 2.
2.2 Requirement of Phase 2 NCT
For the second phase, NCT shall be able to operate in standalone and macro-assisted modes, and the design of NCT shall:
· Support Cell search and Synchronisations
· Support System information broadcast and system information acquisition
· Support common search space for ePDCCH to assist system information acquisition/reconfiguration and network access
· Support UE mobility measurement in idle and connected modes
3. Necessary enhancements for data and control transmissions for NCT  

In the legacy LTE system, there are issues of high overhead stemming mainly from reference signals and control signaling transmissions. Consequently, ways of reducing the overhead has to be considered while keeping system to be operational in all different deployment scenarios. This overhead reduction is equally applicable to both standalone and non-standalone NCT.
At this stage, we envisage that the following areas have potential of enhancing the transmission of data and control on the NCT system:

Legacy control transmission: The LTE Rel-8 control channel is based on cell specific reference signals (CRS) in which the control is mapped in a cell-specific manner and spread across the whole system bandwidth; therefore, it is hard to apply interference co-ordination in the HetNet scenarios. In Rel-11, a UE specific ePDCCH was introduced to increase the control channel capacity, to support frequency-domain ICIC, beamforming as well as diversity transmission. So, as the legacy control channel has drawbacks such as lack of interference co-ordination, beamforming as well as dependence of CRS, it is desirable that it should be eliminated, and rely solely on ePDCCH for all data transmission on the NCT, including support of cross-carrier scheduling from the primary cell. This means in case of standalone NCT, a common search space needs to be specified for ePDCCH. In addition, ePHICH should also be considered for PUSCH HARQ-ACK reporting in both Phase 1 and Phase 2.

On the need for enhanced PCFICH:
· In Phase 1 (NCT as Scell), it would be sufficient to follow agreements reached in RAN1#70bis for the Rel-11 ePDCCH WI. Specifically, higher layer signalling can be provided to indicate the OFDM starting symbol for any ePDCCH on NCT, and PDSCH on that cell scheduled by ePDCCH. If this signalling is not provided, the starting OFDM symbol of ePDCCH and PDSCH scheduled by ePDCCH is derived from PCFICH. 
· In Phase 2 (standalone NCT), as oppose to ePDCCH carrying USS, ePDCCH carrying CSS does not have RRC-connection to provide information on the location of PRB(s). Therefore, it would be necessary to include a signalling mechanism to indicate PRB(s) location for ePDCCH(s). Possible indication methods and possibly on a subframe basis are:
· ePCFICH (dynamic allocation)

· Need to define ePCFICH and its location

· Indication in MIB (static allocation)

· Blindly detection by UE (dynamic allocation)

· Hard coded in the spec and can be based on parameter such as subframe number, SFN, cell_ID and etc. (semi-static allocation)

A summary of required downlink control channels for NCT in both Phase 1 and Phase 2 are tabulated in Table 1.
Table 1. DL Control channel transmissions
	 Control channel
 transmission
	Non-standalone (Scell, Phase 1)
	Standalone (PCell, Phase 2)

	PDCCH
	No longer required
	No longer required

	PCFICH
	No longer required
	No longer required

	PHICH
	No longer required
	No longer required

	ePDCCH (CSS)
	Not required
	Required

	ePDCCH (USS)
	· Configurable in no cross-carrier scheduling

· Not required in cross-carrier scheduling
	Required

	ePHICH
	Required in no cross-carrier scheduling
	For PUSCH HARQ-ACK in both cross-carrier and no cross-carrier scheduling

	ePCFICH
	Not required
	May be required, depending on signalling mechanism to indicate PRB(s) for ePDCCH (CSS or CSS + USS).


Observation 1: Legacy control channels (i.e. PDCCH, PCFICH and PHICH) and control region can be completely eliminated and replaced by ePDCCH, ePHICH and possibly ePCFICH (only Phase 2) on the NCT.
Observation 2: ePCFICH is not required in Phase 1, but may be required for standalone NCT in Phase 2.

Proposal 1: To remove legacy control channels (PDCCH, PCFICH and PHICH) and control region in the NCT design.

Proposal 2: To introduce enhanced PHICH in both Phase 1 and Phase 2.
Common reference signals (CRS): In LTE Rel-8/9 system, the common reference signals which are always transmitted in the cell-wide are traditionally used for:

· Demodulation of downlink data (TMs 1 – 6), control and PBCH channels

· Derivation of CSI feedback for TMs 1 – 8

· Fine tracking of time and frequency of the carrier
· Mobility measurements (i.e., RSRP and RSRQ) in both idle and connected modes, and
· RLM measurement for estimating PDCCH decoding performance in the connected mode.

Furthermore, in TM9, it is required that CSI-RS is to be used for channel measurements for CSI reports when parameter pmi-RI-Report is configured by higher layers. The CSI-RS, however, is not required for interference measurement and UE self-noise estimation. To ensure accuracy of CSI reporting, CRS are likely to be used for these measurements by the UE. At least, interference measurement in TM9 was adopted based on CRS in RAN4 performance requirements [4]: 
“For deriving CSI, channel estimation is carried out over CSI-RS. Interference estimation is performed over CRS for deriving performance requirements.”
To this end, reduction or elimination of legacy CRS transmission should be carefully considered; although it was discussed during Rel-11 that some of the above functions can potentially be replaced by other reference signals (e.g. DM-RS and CSI-RS). To summarise, functions that need to be carried out when NCT is used as a secondary cell (Phase 1) are:

· Fine tracking of time and frequency of the carrier

· Mobility measurements (i.e., RSRP and RSRQ) in RRC_CONNECTED mode

· Interference measurement and self-noise estimation for CQI feedback in TM9

For standalone NCT in Phase 2, additional functions other than the ones in Phase 1 that also need to be performed are:
· PBCH demodulation

· Mobility measurements (i.e., RSRP and RSRQ) in RRC_IDLE mode

· RLM measurement
Therefore, it is desirable to jointly consider the above usage / requirements in both Phases before agreeing / specifying a design that is only suitable in one Phase but may not be for the other.
Options considered in Release 11 for reducing the overhead of legacy CRS transmission since it is agreed that TMs 1 – 8 will not be supported on the NCT were:
· Option-1) Reduced CRS: Rel-8 CRS Port 0 with 5ms periodicity.  During the discussion of non-backward compatible NCT in Rel-11, there has been a widespread support for reduced CRS in the time domain for time-frequency tracking (i.e. Rel-8 CRS Port 0 with 5ms periodicity). This provides significant overhead reduction of the common reference signals on the NCT. The final agreement to adopt this approach is still subject to RAN4’s response on the minimum measurement bandwidth that will still satisfy existing accuracy requirements. Considering the above identified functions that this reduced CRS may still need to be performed in both phases, the following areas for enhancements / changes should be considered:
· Interference measurement in TM9 (Phase 1 and 2):

· Up to UE implementation, or

· UE utilises ZP-CSI-RS for interference measurement and reduced CRS for self-noise estimation

· No new RAN4 requirements are needed. UE implementation in Rel-12 should pass existing RAN4 performance requirements for CSI reporting in TM9

· Modify the existing CQI definition for TM9 to that similar of TM10 where ZP-CSI-RS is to be used, or

· This will have impact to existing RAN4 performance requirements; new requirements may be needed.

· Only TM10 will be support in NCT

· A new broadcast mechanism or enhanced PBCH (ePBCH) for acquiring system information is needed due to only one CRS report remaining (Phase 2):
· New time and frequency mapping for ePBCH.

· DM-RS like reference signal for the reception and demodulation of ePBCH.
· RLM measurement to be based on DM-RS (Phase 2), if:
· Legacy PDCCH is not supported on NCT; Control channel transmission using ePDCCH only
Option-2) Elimination of legacy CRS: CSI-RS for time-frequency tracking as well as RSRP measurements. Option-1 leads an existence of three different kinds of reference signals (i.e. reduced CRS, CSI-RS and DMRS) on the NCT forming still a substantial overhead in the system. However, as the CRS have a lot of issues such as unavoidable interference in the HetNet scenarios, it may be desirable to translate the overhead of the reduced CRS to CSI-RS, meaning that to remove completely the reduced CRS and increase slightly the overhead of the existing CSI-RS. This option, however, possess some additional problems (more areas for enhancement) compared to Option-1:

· The density and the occurrences of existing CSI-RS configurations should be increased to an extend that it would be sufficient for (Phase 1 and 2):
· Tracking of time and frequency of the carrier

· Mobility measurement for RSRP and RSRQ in RRC_CONNECTED mode.
· Existing CSI-RS are higher layer configured and thus not readily available for mobility measurements in RRC_IDLE mode, needed in Phase 2.

· New type of reference signal (e.g. Mobility-RS) that is cell-specific could be introduced

A summary of downlink reference signals are tabulated in Table 2 below:
Table 2. Reference signal transmissions
	Reference signal 

transmissions
	Non-standalone NCT

-Unsynchronized SCell
	Non-standalone NCT

-Synchronized SCell
	Standalone (PCell)

	DMRS
	Required
	Required
	Required

	CSI-RS
	Required 
	Required 
	Required

	CRS
	Not required
	Not required
	Not required

	Reduced CRS
	either reduced CRS or eCSI-RS (FFS) 
	May not be required (FFS)
	either reduced CRS or eCSI-RS (FFS) or Mobility-RS (FFS)

	CSI-RS with reduced periodicity

and increased density (eCSI-RS)
	either reduced CRS or eCSI-RS (FFS)
	May not be required (FFS)
	either reduced CRS or eCSI-RS (FFS) or Mobility-RS (FFS)


Observation 3a: For both options of reduced CRS and elimination of CRS, the following enhancements in NCT could be needed:
· Interference measurement in TM9 (Phase 1 and 2)
· A new broadcast mechanism or enhanced PBCH (ePBCH) for acquiring system information is needed due to only one CRS report remaining (Phase 2)
· RLM measurement to be based on DM-RS (Phase 2)
Observation 3b: For the approach of elimination of CRS, following additional enhancement would be needed:

· The density and the occurrences of existing CSI-RS configurations should be increased to an extend that it would be sufficient for (Phase 1 and 2):
· Tracking of time and frequency of the carrier
· Mobility measurement for RSRP and RSRQ in RRC_CONNECTED mode
· New CSI-RS or Mobility-RS transmission that are cell specific (common within the cell) could be introduced.
Proposal 3: Study further the applicability of existing and any new enhanced CSI-RS for time-frequency tracking as well as mobility measurements for NCT in both RRC_IDLE and RRC_CONNECTED modes.

Small cell discovery: NCT should be considered to implement the requirements for small cell enhancements studied in other working groups [2]. It should be possible UE to be able to aggregate the legacy LTE macro cell and NCT small cells in which different frequency bands are allocated for the legacy macro cell and small cell(s) or it should be possible UE to be offloaded to a standalone small cell. In this case, it is necessary UE to search and find a small cell, but, as UE may not know when the small cell is available, searching the small cell continually will impact significantly UE power consumption [3]. So, efficient ways for discovering small cells has to be investigated while minimizing the UE power consumption. From layer 1 perspective, one solution could be to design a new discovery signal that has a long periodicity.

Proposal 4: Investigate efficient ways of discovering small cells while minimizing the UE power consumption.

Enhancing resource allocation methods: As the WI says [1] “Specify necessary enhancements for transmission of data and control…”, the enhancement includes ways of efficiently transmitting and allocating resources for data and control in order to achieve enhanced spectral efficiency in the system. As a result, resource allocation methods for control and data should be investigated in order to reduce the overhead of DCI messages as well as utilizing time-frequency resource more efficiently.

Proposal 5: Investigate how to enhance resource allocation methods for control and data in order to reduce the overhead of DCI messages as well as utilizing time-frequency resource more efficiently.

4. Conclusion 

In this contribution, we have considered the requirements for the designing of NCT in phase 1 and phase 2, and then provided ways of enhancing the transmission of data and control on the NCT such as reducing or eliminating legacy control signaling, common reference signals (CRS) and enhancing resource allocation methods of the current LTE system.  

We have the following observations:

Observation 1: Legacy control channels (i.e. PDCCH, PCFICH and PHICH) and control region can be completely eliminated and replaced by ePDCCH, ePHICH and possibly ePCFICH (only Phase 2) on the NCT.

Observation 2: ePCFICH is not required in Phase 1, but may be required for standalone NCT in Phase 2.

Observation 3a: For both options of reduced CRS and elimination of CRS, the following enhancements in NCT could be needed:
· Interference measurement in TM9 (Phase 1 and 2)
· A new broadcast mechanism or enhanced PBCH (ePBCH) for acquiring system information is needed due to only one CRS report remaining (Phase 2)
· RLM measurement to be based on DM-RS (Phase 2)
Observation 3b: For the approach of elimination of CRS, following additional enhancement would be needed:

· The density and the occurrences of existing CSI-RS configurations should be increased to an extend that it would be sufficient for (Phase 1 and 2):
· Tracking of time and frequency of the carrier
· Mobility measurement for RSRP and RSRQ in RRC_CONNECTED mode
· New CSI-RS or Mobility-RS transmission that are cell specific (common within the cell) could be introduced.

We propose the followings:

Proposal 1: To remove legacy control channels (PDCCH, PCFICH and PHICH) and control region in the NCT design.
Proposal 2: To introduce enhanced PHICH in both Phase 1 and Phase 2.

Proposal 3: Study further the applicability of existing and any new enhanced CSI-RS for time-frequency tracking as well as mobility measurements for NCT in both RRC_IDLE and RRC_CONNECTED modes.

Proposal 4: To investigate efficient ways of discovering small cells while minimizing the UE power consumption.

Proposal 5: To investigate how to enhance resource allocation methods for control and data in order to reduce the overhead of DCI messages as well as utilizing time-frequency resource more efficiently.
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