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1 Introduction
The work on a new carrier for LTE was postponed from Rel-11 to Rel-12 and a work item for a new carrier type in Rel-12 was approved in RAN #57 [1]. The WI was updated at RAN#58 [2]. Work was split into two phases. In the first phase, a new carrier aggregated with a legacy LTE carrier is to be specified and the scenarios and achievable benefits of standalone operations are to be identified. In the second phase, enhancements to the new carrier type are to be specified including stand-alone operation (if justified in first phase) and optimizations for small cells taking into consideration input from the small cell study item.
In this contribution, we discuss various features and aspects that are enabled by standalone operation of the new carrier type. The costs of not supporting standalone operation are investigated.

2 Discussion
2.1 Energy efficiency improvements

Power efficiency in the infrastructure is an essential part of further evolution of LTE for reducing CO2 emissions and OPEX of LTE networks. We reach the following observations and conclusions from the investigation on energy efficient LTE network operations detailed in [3].

· Macro base stations and the coverage layer nodes still dominate the total power consumption of an operator’s entire LTE network even with aggressive densification.

· New carrier type provides substantial energy saving at all traffic loads of the network.

· Energy saving gains of the new carrier type relative to the legacy carrier type increase with the efficiency of the hardware and can be up to 70% additional saving.

For an extended period of low average traffic load in a service area, energy savings can be achieved with a combination of solutions: the nodes in the capacity layer can be turned off and energy consumption reduction of the coverage layer can be provided by the new carrier type. Since the coverage layer provides services to both CONNECTED and IDLE state UEs, the new carrier type needs to be capable of standalone operations in order to be deployed in the coverage layer. For an extended period of high average traffic load in a service area, energy savings can be achieved by deploying the new carrier type in all nodes. Standalone mode new carrier type will be needed for both layers. The capacity layer may optionally operate a combination of standalone and carrier aggregation modes for certain scenarios. It is clear from the above discussion that the lack of standalone mode operation will preclude energy savings in the coverage layer and in the capacity layer at non-zero loads and can thus severely reduce the energy efficiency potential of LTE infrastructure.

Observation 1: Standalone mode new carrier type is an essential and integral component of long-term energy efficiency improvement solutions for LTE infrastructure.

Table 1 LTE infrastructure energy efficiency solutions.

	
	Extended period of 
low average traffic load
	Extended period of 
high average traffic load

	Capacity layer
(macro + LP nodes)
	Node deactivation
	Standalone (and CA) NCT

	Coverage layer
(macro nodes)
	Standalone NCT
	Standalone NCT


2.2 MBMS support

On a legacy LTE carrier, a UE needs to have the correct MCCH configuration to receive the PMCH. The MCCH configuration is broadcast in SIB13, which also carries the notification signal. For a UE configured with carrier aggregation, no MBMS related system information is sent with dedicated signalling. The UE has to acquire MBMS system information sent on the MBMS cell by itself. With this information, a Rel-11 UE that is carrier aggregation capable is able to receive an MBMS service on the SCell. The broadcast information further enables UEs to receive MBMS transmissions in IDLE mode. 

Table 2 Support for various MBMS configurations in Rel-11.

	
	IDLE mode
	CONNECTED mode

	PCell
	Supported
	Supported

	SCell
	-
	Supported


For MBMS services carried on the new carrier type, support should also be provided to CONNECTED and IDLE UEs. The analysis in [7] found that

· For CONNECTED UEs, MBMS service information on the NCT SCell needs to be supplied to the UE by either (1) broadcast on the NCT SCell or (2) dedicated signalling from the PCell. 

· For IDLE UEs, MBMS service information on the NCT carrier needs to be broadcast from the NCT.
The dedicated signaling solution enables CONNECTED UEs to access MBMS services on the NCT SCell with additional signaling load on the PCell while leaving IDLE UEs barred from MBMS service. Furthermore, the solution is not scalable if the number of CONNECTED UEs requesting MBMS service information on the NCT SCell is large. The broadcast solution, on the other hand, provides a unified and efficient MBMS solution to both CONNECTED and IDLE UEs. The broadcast solution is hence the preferred solution to enable efficient and scalable MBMS operations on the NCT.

To broadcast MBMS service information on the NCT, it becomes necessary to first broadcast the channel bandwidth, provide a common search space and send system information regarding the broadcast timing of the MBMS service information. This list covers essentially all the components needed in the eNB to enable standalone NCT operations. Therefore, we conclude

Observation 2: For efficient MBMS operations and support for both CONNECTED and IDLE UEs, it is justified to define standalone mode operations for the new carrier type.

2.3 Deployment scenarios

In [4], we discuss different deployments that are possible for the NCT both considering standalone operation and when operating the NCT as an SCell only in carrier aggregation mode. We identify that there are multiple different scenarios wherein the NCT and LCT are deployed in the macro and in the LPN. For each deployment scenario it is considered whether the UE can operate the in NCT inter-node CA, intra-node CA or standalone modes. For the CA combination, the restrictions of defining an SCell only NCT are further investigated.

In the contribution it is observed that a standalone NCT is the only way to effectively allow NCT deployment wherein the different nodes are connected with non-ideal backhaul. It is in addition observed that restricting the NCT to an SCell only operation would mean that the NCT can only be operated under PCell (LCT) coverage. It follows, in addition, that for intra-node CA, cell selection offset (CSO) is restricted to to be the same on both the LCT and NCT if an NCT can only be operated as SCell only. Additional heterogeneous network performance improvements on the NCT would not result in significant benefits due to this restriction. The current signalling in [5] does not allow operation with CSO beyond 6 dB on SCells. It is further identified that deploying an SCell only NCT instead of a standalone NCT in a heterogeneous network deployment would increase UE energy consumption, decrease the UE throughput and create a large control overhead that is not possible to load share between carriers. It is further identified that the UE complexity would be higher when implementing an SCell only NCT compared to a standalone NCT.

A standalone NCT would provide the possibility for many more different deployment scenarios. It should be noted that a standalone NCT can also be deployed with carrier aggregation, wherein the carrier aggregation is performed between multiple NCTs or between an NCT and a LCT. Furthermore, the NCT could then be configured to either act as a PCell or an SCell and by that removing most of the drawbacks that are highlighted above. When deployed in connection with carrier aggregation it can be used to load share the UL control signalling and direct the UL to the node with the lowest pathloss and thereby reducing UE energy consumption and increasing UEs throughput. It can be deployed with either a low latency backhaul or with a non-ideal backhaul. It can further be used to extend the coverage in areas where this is needed. It will also preclude the creation of coverage holes as a consequence of the deployment in some scenarios (NCT interference preventing a legacy UE from connecting to an LCT). 

Observation 3: From an NCT deployment perspective, it is justified to define a standalone NCT

In [6], there is an analysis of macro-assisted operation together with the NCT. This work is currently on-going in RAN2 within the small cell higher layer SI. It is observed that if a UE that is operating in macro-assisted operation cannot be assumed to have coverage from more than one cell at all times, the NCT would need to handle standalone operation. It is observed that, if it is decided in the first phase of the NCT, not to support standalone operation without considering macro-assisted operation, the need for standalone NCT would need to be revaluated based on the macro-assisted design.

2.4 Backward incompatibility consideration
The SCell – only carrier aggregation mode of the new carrier type does not provide backward compatibility to legacy UEs. One chief design principle of the new carrier type is to move UE operation dependence from cell-specific signals to UE-specific signals. Thus, it has been agreed to eliminate the CRS and replace it with the ESS which occurs only once in five subframes. Furthermore, the ESS is not to be used for demodulation. As a result, a legacy UE will not find the cell-specific reference symbols or decode a Rel-8 PBCH on the new carrier type. RRM measurement by a legacy UE (even on an SCell) will also fail because the legacy UE cannot locate the reference symbols correctly. Further the Ue will nto be able to decode any PDCCH as it is not present on the new carrier type. A new carrier type is therefore not accessible to legacy UEs regardless whether the new carrier type carrier supports standalone or carrier aggregation operations.

Furthermore, it should be noted that introducing the carrier aggregation mode and the standalone mode in two separate LTE releases is highly undesirable. In the first release with carrier aggregation operation, new UEs are introduced. However, these UEs will not be able to fully utilize a standalone new carrier type carrier defined in a later release. There is no clear migration path between these two steps. With this creation of two incompatibility steps, the network will have to handle three types of UEs with different compatibility and understanding of the system. This substantially increases operators’ CAPEX on terminal and infrastructure (caused by higher development costs) and OPEX of the network (caused by operation complexity and inefficiency). 

Observation 4: Based on backward incompatibility considerations, both carrier aggregation and standalone operation capabilities should be introduced in the same LTE release to avoid unnecessary increase in operators’ CAPEX and OPEX.
2.5 3GPP impact of standalone NCT standardization

For the standardization of the SCell-only NCT when operating in carrier aggregation mode with a legacy carriere, extensive functionalities and operation details are specified. 

· For cell search and synchronization, primary and secondary synchronization signals (PSS and SSS) similar to those in Rel-8 have been adopted.

· For time and frequency tracking, the extended synchronization signal (ESS) based on Rel-8 CRS port 0 with time periodicity of five subframes has been agreed. 

· RRM measurement need to be performed on the ESS with possible auxiliary CSI-RS configuration. 

· Transmission mode details are currently under discussion.

It is highly beneficial to have common and compatible new carrier type design for carrier aggregation and standalone modes. The above designs for carrier aggregation operation can form the foundation for standalone operation. It’s also reasonable to assume the Rel-8 two-step system information distribution approach can be reused. Therefore, to standardize a standalone new carrier type, only three additional aspects need to be investigated.

· For standalone new carrier type, a master information block (MIB) broadcast mechanism needs to be specified. 

· The resource location of EPDCCH common search space (CSS) needs to be specified. The definitions of logical search spaces for different aggregation levels from Rel-11 can be largely reused.

· Radio link monitoring would need to be defined

It then follows that the system information blocks (SIB), paging and random access response can be scheduled by CSS EPDCCH with SI-RNTI, P-RNTI and RA-RNTI, respectively.

Observation 5: The signals and operations of the new carrier type specified for the carrier aggregation mode can be fully reused for the standalone mode. Only three incremental topics need to be completed for standardizing the standalone mode.
3 Conclusions

In this contribution, we discuss various features and aspects that are enabled by standalone operation of the new carrier type. We made the following observations from the discussion:

· Standalone mode new carrier type is an essential and integral component of long-term energy efficiency improvement solutions for LTE infrastructure.

· For efficient MBMS operations and support for both CONNECTED and IDLE UEs, it is justified to define standalone mode operations for the new carrier type.

· From an NCT deployment perspective, it is justified to define a standalone NCT.
· Based on backward incompatibility considerations, both carrier aggregation and standalone operation capabilities should be introduced in the same LTE release to avoid unnecessary increase in operators’ CAPEX and OPEX.
· The signals and operations of the new carrier type specified for the carrier aggregation mode can be fully reused for the standalone mode. Only three incremental topics need to be completed for standardizing the standalone mode.
Based on the above findings, we have the following proposal:

Proposal: It is justified to standardize the new carrier type for standalone operation.
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