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1. Abstract

In this document we intend to identify possible technology options which could be applied incrementally to E-UTRA/E-UTRAN to address requirements discussed in [1]. In particular, we will describe possible short term and mid term technology options to address:
· Uplink efficiency

· Edge of cell user experience

· Spectrum fragmentation

· Capability in nomadic environments

2. Introduction

We have discussed and highlighted key requirements for LTE-Advanced in ‎[1]. The requirements primarily call for lower bit production cost. Typically, innovation can achieve these objectives either by increasing the scale and efficiency (and complexity) within an existing framework or by adopting a different, often simpler and thus lower cost, approach ‎[2]. In this document we will introduce and discuss technology options in both categories; we believe that both type of answers are relevant to the IMT-Advanced work although they might have to be handled differently given their respective nature.

3. Standalone Enhancements

In this section we introduce possible techniques to enhance the radio access system capability within the long standing functional framework (i.e. architecture & RRM/QOS/OAM principles); these can thus be qualified as incremental. Table 1 provides a list of candidate techniques together with a brief description of the expected resulting benefit.

Table 1
	Technology / Functionality
	Expected Benefit

	Multi-carrier E-UTRA
	Enhanced user throughput throughout the cell. 
Enhanced spectrum usage & flexibility

	Intra-eNB Cell Cooperation

e.g. intra eNB MIMO
	Enhanced cell edge user experience
Increased system capacity

	Uplink single user MIMO
	Enhanced uplink user throughput

	Higher Order Modulation
	Enhanced user experience in nomadic, short range environments.

	Higher Order MIMO
	Enhanced user experience in nomadic, short range environments.

	Hybrid SC-FDMA/OFDMA uplink
	Enhanced uplink operation (RRM / Scheduling) and integration of uplink HOM and MIMO.


4. Enabling Heterogeneous Deployments

As highlighted by the discussion in [3], the overall network capacity growth experienced since the beginning of mobile communication has been achieved through a combination of enhanced spectral efficiency, additional spectrum and increased site density. 

Spectral efficiency has evolved significantly over the past two decades. However, the link efficiency is progressively reaching the theoretical limits. Moreover, the further improvements in link efficiency increasingly benefit users in very good radio conditions and have mostly marginal benefits to users in challenging conditions. The challenge has thus moved to the need to control the interference in order to deliver higher user throughput throughout the coverage area. As highlighted in section 3, further spectral efficiency and enhanced edge of cell experience may be achievable through intra eNB inter-cell cooperation (e.g. eNB with distributed remote radio heads).
Spectrum is a finite resource and even though more of it has been identified for public mobile systems by the World Radio Conference in 2007 it does not seem to be sufficient for operators to meet the expected data traffic growth over the coming decade. An additional complication is that a significant fraction of the new spectrum lies in frequency bands above 2.5 GHz, in particular the 3.5 GHz band. The link budget for these bands becomes challenging and, when combined with the set objective of higher user throughput, it leads to relatively small cell sizes given the limited maximum uplink transmit power acceptable for mobile devices.
The future network capacity growth thus appears to be more than ever linked to smaller cells and increased cell density. This raises a number of logistical challenges in relation to deployment, maintenance and backhauling. Radio configuration, network optimization, and failure recovery become more challenging, and overall system interference control and management assumes a critical role.  Enforcement of QoS policies has to take into account not only the congestion over the radio interface but also over the backhaul. Finally, the move toward heterogeneous deployments raises a number of challenges in relation to mobility, cell selection/re-selection and handover. 
A number of techniques can be considered in order to address the aforementioned challenges: 

· Enhanced interference control procedures

· Enhanced cell switching procedures

· Enhanced medium access control & routing protocols

· In band relay (i.e. band in which regular mobile devices operate)

· Enhanced QoS awareness in the edge nodes
· Self Configuration interfaces and protocols

· Self optimization procedures

· Self healing architectures and protocols
These functionalities represent a core set to enable simpler (from an operational perspective) densification and capacity increase of the mobile network, where necessary. 3GPP should thus establish an end to end framework for dense cell deployment and gradually incorporate enabling techniques in order to further expand the system reach and capacity and to meet the increasing data demand expected in the future. 
Some activity has already started in relation to SON and Home eNB. However, it would seem beneficial to develop an end to end system framework addressing all of the key challenges associated with denser deployment of small cells jointly rather than solving issues one use case at a time resulting in an inconsistent set of solutions. In particular it would seem appropriate to review the end to end architecture, mobility and QoS principles together with some of the groups within TSG-SA. Integration of legacy RAT in such framework should also be considered.
5. Conclusion

We have highlighted a set of enhancements which include standalone enhancements as well as a joint set of techniques to address denser deployment of smaller cells in a cost effective manner. We believe that both should be considered in the context of LTE Advanced. 
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