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1. Introduction

According to the agreed New Carrier Type (NCT) WID, RP-122028 [1], in RAN Plenary Session #58, there are three objectives shown as follows for the first phase of works and the second phase of standalone NCT works won’t start until RAN Plenary Session #61.
· Specify necessary enhancements for transmission of data and control as well as the necessary UE mobility support on the New Carrier Type.

· Evaluate the benefits achievable from the standalone New Carrier Type over those achieved from legacy LTE and from the carrier aggregated New Carrier Type 

· Identify the scenarios for the standalone New Carrier Type

Since standalone NCT is not backwards compatible to Rel-8~11 UEs, which will have a profound impact to LTE ecosystem, the last two bullets were added in RAN#58 to first identify the particular scenarios and quantitatively evaluate the benefits over LCT and carrier aggregated NCT.  Though there is already discussion, it’s still not clear why a standalone NCT is needed in Release 12.  In this document, we provide our views about whether to support standalone NCT in Release 12.


2. Discussion
In general NCT is a new feature that can be supported by Rel-12 UEs and beyond.  But NCT is not just the usual additional features of a new release. More importantly the new features involve the modification or removal of existing signals or channels that a legacy UE relies on for basic system functions such as system information broadcast and network entry.  Given the lack of those basic system functions on NCT, the use of NCT has been limited to carrier-aggregated NCT where a UE will rely on LCT to establish RRC connection and then understand how NCT should be used.  The word “carrier-aggregated” implies that the UE can support LCT and NCT simultaneously. 

Standalone NCT refers to the use case where the UE can establish RRC connection without relying on LCT. Same as carrier aggregated NCT, standalone NCT cannot be supported by legacy UEs.  But the difference is that Rel-12 and beyond UEs does not need CA capability to access standalone NCT.  Nevertheless, the decision to use a carrier as NCT precludes the legacy UEs and that deployment decision should not be taken lightly.  Only certain spectrum that cannot be deployed as LCT such as unpaired FDD spectrum may be best suited for NCT.

The concept of “macro-assisted NCT” was brought up in the objective without a clear definition though:

· If justified by the small cell related studies, specify necessary means to support a dual dormant / active state, which means DTX like eNB behaviour (with long DTX cycles) and corresponding UE procedures, with or without reduced CRS in the active state. Note that the dual dormant / active state can be specified for NCT aggregated with a legacy carrier and / or operating in a macro assisted mode even if the standalone carrier is not justified by the evaluation. 

Macro-assisted NCT seems to be mixing network topology (i.e., macro, pico) with the operational property of a spectrum.  It implies a heterogeneous deployment scenario with macro using LCT and small cell on NCT.  UEs operating on small-cell NCT can accessing macro LCT either simultaneously as in carrier aggregation, in which case macro-assisted NCT is a type of carrier –aggregated NCT (non co-sited), or via carrier switching.  Basically the UEs have “dual connectivity” to the macro and pico layer.  Macro-assisted NCT requires macro coverage, but standalone NCT does not.   

The different flavors of NCT are about deployment scenarios.  We may see even more flavors of NCT due to the much more dynamic deployment scenarios in the future.  So far, once a spectrum is designated as LCT or NCT at an eNB, it seems to imply a pretty static property, more static than a typical feature of a release.  If we extend from the spectrum and eNB type/location domain to time domain, a time-domain multiplexing of LCT and NCT in network deployment/operation is also likely.  In the end, the NCT flavor should be about what salient feature or characteristics it is comprised of and what the quantitative benefits are. 

Observation:  The different flavors of NCT are about deployment scenarios.  When and what flavor of NCT is used depends on what salient feature or characteristics it is comprised of and what the quantitative benefits are.  NCT is not about new features that involve the modification or removal of existing signals or channels that a legacy UE relies on for basic system functions such as system information broadcast and network entry.
2.1 Variants of new carrier type
There are at least three possible ways to implement NCT in Release 12 – 1) Aggregated NCT; 2) Macro-assisted NCT; 3) Standalone NCT.  Table 1 compares the deployments and supporting functions for both legacy carrier type (LCT) and three variants of NCT.  The functions with question marks are unclear to support or not yet.
Aggregated and macro-assisted NCT belong to the category of non-standalone NCT and they already can enjoy the benefits with limited specification changes.  However, it is still not clear what functions a macro-assisted NCT should support yet because it depends on the conclusion of dual connectivity discussion in small cell.  Though some companies argued about backward compatibility issue for standalone NCT, all variants of NCT cannot be used by legacy UEs.  So we think the main concern actually lies on whether it is necessary to work on substantial specification changes to enable a standalone NCT, especially if it is for the same benefits which can be achieved by non-standalone one because standalone NCT can be deployed as non-standalone NCT to be aggregated with LCT from the perspective of component carrier function.  Therefore, if there is strong application scenario for standalone NCT, there is no need to keep two different scopes in the WID at the same time because it may complicate the design of the feature due to different design considerations.
Table 1  Comparison of different carrier types
	 
	LCT
	Aggregated NCT
	Macro-assisted NCT
	Standalone NCT

	Deployment
	1. Pcell or Scell in CA
2. Macrocell or small cell layer
	1. Scell in CA
	1. Scell in CA
2. Small cell layer
	1. Pcell or Scell in CA
2. Macrocell or small cell layer

	Supporting Functions in DL
	1. PSS/SSS
2. PBCH
3. PCFICH
4. PHICH
5. CSS on PDCCH
6. USS on PDCCH
7. USS on EPDCCH
8. PDSCH
9. CRS
10. DMRS
11. CSI-RS
12. RRM/RLM on CRS
	Existing:
1. PSS/SSS??
2. USS on EPDCCH
3. PDSCH
4. DMRS
5. CSI-RS

New in R12:
1. New PHICH??
2. Reduced CRS
	Existing:
1. PSS/SSS??
2. USS on EPDCCH
3. PDSCH
4. DMRS
5. CSI-RS

New in R12:
1. DMRS-based PBCH??
2. New PHICH??
3. CSS on EPDCCH??
4. Reduced CRS
5. Discovery signal for small cells??
6. New RRM/RLM??
	Existing:
1. PSS/SSS
2. USS on EPDCCH
3. PDSCH
4. DMRS
5. CSI-RS

New in R12:
1. DMRS-based PBCH
2. New PHICH??
3. CSS on EPDCCH
4. Reduced CRS
5. Discovery signal for small cells??
6. New RRM/RLM


Observation #1:  True concern for standalone NCT is whether it is necessary to work on substantial specification changes to enable a standalone NCT for the same benefits which can be achieved by non-standalone one, instead of backward compatibility issue.
2.2 Scenarios and benefits of standalone NCT
The benefits of NCT have been widely discussed since Release 11 carrier aggregation discussion begins. It was generally agreed that NCT can potentially enhance spectral efficiency, energy efficiency and flexible interference coordination for the following scenarios:
1. HetNet
1. More efficient eMBMS

2. New frequency band or frequency band refarming

3. Efficient operation of MTC

The Justification section of the WID [1] stated that 
· “Minimizing legacy control signalling and common reference signals reduces the interference and overhead level at low-to-medium loads, allowing for higher end-user throughput and improving system spectral efficiency. This seems especially appealing at the cell edge of homogeneous deployments, in a cell range expansion zone of heterogeneous deployments and for the enhanced local area access in the deployment scenario of low-power nodes with/without coverage of an existing macro-node layer. Furthermore, it reduces network energy consumption, e.g., to minimize the cost of the energy to operate the radio network or to facilitate new deployment scenarios. Network energy efficiency is to a large extent an implementation issue. However, specific features of the specification may enable enhancements in energy efficiency, e.g., by allowing base stations to turn off transmission circuitry when there is no data to transmit.”
From our views, the most attractive benefits are spectral efficiency improvement and efficient interference avoidance in HetNet.  Due to a common FDM structure of PDSCH and EPDCCH with reduced transmission of cell-specific reference signals, it largely improves the efficiency of interference avoidance.  For example, smaller granularity such as PRB pair, instead of a subframe, can be used as the basic unit for inter-cell interference coordination.  Furthermore, the inter-cell interference due to the continual transmission of CRS can be significantly reduced to improve transmission power efficiency, especially for non-full buffer case.  However, both non-standalone and standalone NCT can enjoy the benefits.  Compared to non-standalone NCT, standalone NCT has slightly worse spectral efficiency due to the overhead of system information broadcast.
Let us look at the above 4 application scenarios of NCT and which ones specifically require standalone NCT here.  New frequency band or frequency band refarming is generally suitable for either LCT or NCT, unless for unpaired FDD spectrum that cannot be used as LCT.  In fact that is one of the main motivations of carrier-aggregated NCT.  More efficient eMBMS is possible if we can dedicate a carrier for eMBMS, but subject to further quantitative evaluation.  But dedicating a carrier for eMBMS only is not a decision to be taken lightly by any operator.  The association of standalone NCT and more efficient eMBMS is very unclear.  Similarly for MTC if we have a dedicated MTC carrier.  If we don’t, whether standalone NCT can allow more efficient operation of MTC is to be studied.  
Based on the above discussion, among all proposed application scenarios for NCT so far, standalone NCT is not the only option to support for performance improvement.  The only possible scenario where standalone NCT may be needed, we think, is small cell deployment.  There are two possible cases – 1) small cell deployment with macro coverage; 2) small cell deployment without macro coverage.  In the case of small cell deployment with macro coverage, macro-assisted NCT is needed because there is higher likelihood for a small cell to use NCT for performance enhancement in dense small cell deployment environment, compared to a macrocell.  However, from Table 1, the design of macro-assisted NCT can be similar to either aggregated NCT or standalone NCT, depending on the conclusion of dual connectivity discussion in small cell.  For example, if it is decided that no system information broadcast is needed in the small cell layer, macro-assisted NCT becomes similar to aggregated NCT; otherwise, it would be similar to standalone NCT.  In the case of small cell deployment without macro coverage (small cell deployment in coverage hole), a small cell can apply standalone NCT if there are only R12 or beyond UEs around the small cell.  However, it will prevent legacy UEs to access the small cell in a coverage hole and it’s usually not desirable because legacy UEs won’t be able to enjoy the coverage enhancement.  Therefore, we think the motivation to have standalone NCT for this case is weak. 
For way forward, we think there are three possible options.
Option #1:  Target on the design of aggregated NCT
Option #2:  Target on the design of macro-assisted NCT
Option #3:  Target on the design of standalone NCT
From our views, option #2 is preferred but the progress may be dependent on the progress of small cell discussion.  Therefore, system information related functions should be discussed in the second phase after a clear conclusion of dual connectivity in small cell.
Observation #2:  Non-standalone NCT is able to support all proposed application scenarios for NCT and the only possible scenario for standalone NCT is small cell deployment, where macro-assisted NCT may require the same functions as standalone NCT.
Proposal #1:  Target on the design of macro-assisted NCT if there are no other scenarios which require standalone NCT only to support.
2.3 Specification impacts
To support standalone NCT, the following functions may need to be specified in Release 12.
1. System information acquisition
· DMRS-based PBCH for MIB transmission
· CSS on EPDCCH for the scheduling of SIBs transmission
2. Enhancements on HARQ feedback for uplink transmission
· New PHICH
3. Reference signal related issues
· Collision of PSS/SSS and DMRS
· Channel bandwidth of reduced CRS
4. Enhancements on transmission modes
5. RLM/RRM measurements
· RSRP/RSRQ measurement definition on new reference signals
6. Enhancements related to eMBMS
· Support of MBSFN subframes
7. Enhancements related to small cells
· Discovery of small cells
· On/Off operation of small cells
· Inter-cell interference avoidance or coordination
The main specification changes come from the removal of CRS-based functions and additional enhancements for new features.  If it was agreed that macro-assisted NCT needs to support all of the functions listed above, there is no difference between macro-assisted and standalone NCT.  Based on the functions, we propose the following work plan for NCT.
Proposal #2:  The works for macro-assisted NCT can be divided into two phases.
First phase:
· Target on the following functions
· Reference signal related issues

· Enhancements on transmission modes
· Enhancements related to eMBMS
Second phase:
· Target on the following functions if system information acquisition needs to be supported in small cell layer
· System information acquisition
· RLM/RRM measurements


3. Conclusion
Among all proposed application scenarios for NCT so far, standalone NCT is not the only option to support for performance improvement.  If there are no other scenarios requiring standalone NCT to support.  Our preference is to consider macro-assisted NCT for the support of small cell operation and the proposals are summarized as follows.
Proposal #1:  Target on the design of macro-assisted NCT if there are no other scenarios which require standalone NCT to support only.
Proposal #2:  The works for macro-assisted NCT can be divided into two phases.

First phase:

· Target on the following functions

· Reference signal related issues

· Enhancements on transmission modes

· Enhancements related to eMBMS

Second phase:

· Target on the following functions if system information acquisition needs to be supported in small cell layer

· System information acquisition

· RLM/RRM measurements
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