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1 Introduction

During the last IMT-Advanced workshop held in Shenzhen, many companies have expressed their views on the requirements of the evolution of LTE standards. Spreadtrum, as a terminal manufacture, also pointed out that the UE categories should be clearly specified, so that the UE capabilities could be differentiated to meet the requirements of different markets.

In this paper, we will further propose that the classification of terminals should also be performed in correspondence to the requirements that lie in the different radio access scenarios, e.g. the potential requirements coming from ultra-wideband local-area, broadband wide-area, personal-area and possibly narrowband wireless sensor networks. In other words, the IMT-Advanced system should also be optimized according the requirements from different radio access scenarios and hopefully in the future deployment, it could supply converged services that meet the needs from broadcast, cellular, local, personal and wireless sensor networks.

Therefore, the UE categories/capabilities will depend on the specific access scenarios and as a consequence could provide differentiated services while meeting the corresponding cost requirements. Moreover, if this strategy is decided, it is strongly believed that the market revenues will be expanded greatly into other services, such as industrial control, personal healthy care, indoor multi-media broadcast and sharing, and etc. Meanwhile, the ubiquitous cellular and backbone network will make such kinds of services available almost everywhere and anytime.
2 Requirements from the terminal perspectives

In this section, the requirements are outlined on the perspective of terminals and according to the respective markets, i.e. enhancement to cellular network, convergence with local-area, personal-area, wireless sensor network and possibly regional-area broadcast network.

2.1 Further enhancement for wide-area cellular network
Many operators and companies have expressed their opinions on the performance of the LTE system, particularly from the perspective of system levels. For example, LTE-advanced should continuously enhance its capabilities on the system throughput, as well as the throughput distribution over the cell coverage. Similarly for the terminals, i.e. downlink reception and uplink transmission, there are some special restrictions need to be reconsidered.

· TDD based LTE advanced

In LTE, there seemed to have such a principle between FDD and TDD terminals, that is, their commonalities should be maximized even when the performance for either of them is somewhat degraded. However, such an assumption is not so reasonable, especially when the LTE advanced is formally proposed for further improvement today. 

For TDD, its advantages lie in the fact that the downlink and uplink portions could be dynamically scheduled to meet the imbalanced traffic demands from the downlink and uplink. Meanwhile, the channel reciprocity should be recovered and reused when the co-channel interference is below some specified threshold. 

So in this section, it is predicted that, with the shift from traditional voice to QoS constrained packet service, the performance potentials of TDD will gradually come into fact and surely promote the system than ever. As a consequence, more emphasis should be placed on TDD, e.g. more flexibility and more space should be left for TDD terminals for further enhancement. In another word, the capabilities of terminals should be enhanced and made possible to support TDD features if needed in the future.

· Downlink reception

In the downlink, FDD is usually superior to TDD in round trip delay (RTD). As is well-known, longer RTD will result in lower throughput if data rate is fixed. To compensate for such degradation, parallel HARQ processes should be applied for improvement. What’s more, for some usages, the downlink portion is much larger than that of the uplink. For such scenarios, to accommodate for the downlink high-throughput, the number of HARQ processes should be increased accordingly. Otherwise, it will become a bottleneck of the system. Certainly such a solution will somewhat increase the buffer size of terminals. However, with the time going into the LTE advanced, the terminals have already become much more powerful than ever, i.e. the high tier terminals should be envisioned in advance. 

· Uplink transmission

In the uplink, the PAPR of the transmitted signals is of the first importance. To suppress PAPR, it is proposed that at least for low tier terminals, the PAPR performance of the baseband signals should be ideal and acceptable, i.e. SC-FDMA signals. However for high tier terminals, their powerful computing capabilities enable the pre-processing to be performed before RF transmission, e.g. clipping and filtering for OFDM signals. Hence for the latter case, the pre-processing could be employed for PAPR suppression.

So for the uplink, it is proposed that multi-band multiple access schemes should be reconsidered for LTE advanced. What’s more, it is much better for downlink and uplink to be the same in the selection of such schemes. Otherwise, how to effectively support the terminal-to-terminal (P2P) communications in the future wireless networks? As is well known, the symmetric air interface or multiple-access scheme is of the simplest form such a scenario, which might lower the cost of terminals considerably.
2.2 Convergence with ultra-wideband local-area network
With LTE advanced developed, the local area access (LA) is undoubtedly one of the most important areas to be covered with up to Gbps data-rate. So for LA, it is proposed that the channel bandwidth should be extended to at least 100MHz, so that the cost per bit for the indoor coverage is lowered extensively. Besides, since the indoor environments are quite different from of that of the outdoors, the numerology for the air interface should be allowed to be optimized correspondingly.

On the other hand, for the LA access, it is inevitable to view the direct competition with existing WLAN systems, which operate in the unlicensed spectrum. As a result, it is proposed that for LTE advanced, it is better for the new-featured LA to be merged with the unlicensed spectrum operation, e.g. 2.4GHz ISM band. So for the terminals, they could be deployed in the licensed or unlicensed spectrum to meet different market requirements at different operating costs. 

Note that for the LA terminals, they don’t need be the same as the cellular terminals, especially when the implementation cost and power consumption are concerned.

2.3 Convergence with ubiquitous wireless sensor network

Nowadays it becomes more and more popular for the wireless sensor nodes to be available to the individuals and the industries. That is to say, with the cellular devices pervaded quickly to the public, to the other end, the machine to machine, machine to people communications are also becoming more and more prevalent than ever, e.g. in the industrial control, environmental monitoring, and health care etc. To coincide with such two tendencies, for LTE advanced, it is strongly proposed here that the ubiquitous wireless sensor network should be integrated into the whole cellular system. 

As a result, many low cost and low complexity terminals might also be supported by the ubiquitous cellular network, and the remote sensor nodes could directly access to the NodeB and backbone network. In another word, the categories for terminals have now been extended to include low cost and low powered sensor access nodes.
2.4 Convergence with regional-area broadcast network
In LTE, the broadcast and multicast based transmission has become one of the system’s features. For the LTE advanced, such a feature needs to be further enhanced. To list a few, the traditional broadcast network, e.g. China STiMi, Europe DVB-T, should be merged into the system architecture, the indoor broadcasting should be embedded into the HomeNB functionalities, the capacity and spectrum efficiency should be greatly improved, etc. 

For the terminals, they should support both embedded MBMS and separate -carrier operations. Furthermore, the time-sliced detection is proposed to be supported with high priority during the process of dynamic resource scheduling, which might greatly reduce the power consumption at the terminal sides.

3 Summary
In this paper, the convergence requirements for LTE advanced are outlined roughly. As a proposal, it is pointed out that the following requirements should be emphasized with relatively higher priority,

· Further enhancement to the cellular terminals, especially for the TDD based ones

· Seamless convergence with ultra-wide band local access terminals, with the emerging with unlicensed spectrum operations

· Seamless convergence with wireless sensor nodes, with the assumption that sensor nodes could directly access to cellular NodeBs

· Seamless convergence with broadcast networks












































































































