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1 Introduction

In RAN WG2 #51 Meeting, the evolution of HSPA is supported by HSPA vendors and operators [3][4][5] and the WI [1] is approved in later RAN #31 meeting. According to the work plan listed in [1], the target for improvements in latency, throughput and spectrum efficiency utilising the existing 5MHz bandwidth should be firstly defined.
In this document, we investigate possible techniques enabling Evolved HSPA to achieve performance comparable to LTE in 5 MHz. 
2 Discussion
In the downlink, before the proposal of HSPA evolution, two techniques aiming to improve the throughput and spectrum efficiency of HSDPA are well studied: CDMA based MIMO [9][10] and CDMA based advanced receiver for HSDPA [6][7][8]. Essentially, these two techniques attempt to facilitate the application of MIMO and high-order modulation (16QAM/64QAM) which have high spectrum efficiency but need high SINR requirement. However, due to CDMA inherent self-interference in multipath environments, the achievable SINR is limited. This leads to either very high UE complexity or some upper limits of the performance.
Therefore, in order to achieve that performance comparable to LTE in 5 MHz, i.e. 3~4 times of Rel-6 HSDPA in terms of throughput and spectrum efficiency, we think two possible directions are promising:
· Optimize both the transmitter and receiver simultaneously. That means a new downlink transmission scheme should be introduced in evolved HSPA. Undoubtedly, it is a challenge since HSPA Evolution shall be backward compatible in the sense that legacy terminals (R99-DCH and HSPA mobiles) are able to share the same carrier with terminals implementing the latest features of the HSPA Evolution track without any performance degradation. However, we think it is still possible. One pioneer example is the SBC scheme [11] proposed for the smooth evolution of the EV-DO system.
· Optimize the transmitter and receiver respectively. This is also challenging since the efforts have been made all along but still difficult. We think if high-order MIMO and/or modulation are used, the high complexity of UE is unavoidable. This may influence the practical deployment due to the limitation of power consumption and cost.
In the uplink, capacity only relies on uplink interference power but not channelisation code. Furthermore, uplink signals transmitted by different UEs are asynchronous. So spatial multiplexing based MIMO seems helpless in improvement the throughput. Due to the same reason, spatial diversity based MIMO does not seem feasible for improving uplink performance [12]. On the other hand, since only QPSK is adopted in Rel-6 E-DCH, Using 16QAM is a straightforward way to increase uplink capacity. In order to lower the UE Tx power requirement when using 16QAM, the Node B should employ advanced interference cancellation receiver and other interference mitigation techniques.
Besides physical layer enhancement, the use plane of higher layer protocols should be improved. When considering the optimisation of higher layer protocols, two types of services with different QoS requirements and traffic attributes should be optimally supported for the purposes of both guaranteeing QoS and maximization of radio resource efficiency:
· High-speed non-real time packet services with larger packet size;

· Low-speed real time services with small packet size, typically VoIP and GoIP.
In fact, HSDPA is originally designed for the transmission of high-speed non-real time packet services with larger packet size. However, HSPA is now required to carry services with small packet size, typically VoIP and GoIP. At the same time, in order to quickly introduce HSDPA and E-DCH the existing R99 RLC protocols are re-used and so far remain fairly stable. This makes the user plane protocols for HSDPA and E-DCH suboptimal. Therefore, we believe that evolved HSPA should introduce new enabling techniques to make HSPA more efficient in terms of latency and spectrum efficiency. Following are some possible approaches:
· Optimize MAC layer PDU format for small packet size services, in particular for VoIP and GoIP;

· Move packet processing functions other than outer ARQ from RLC to MAC for HSPA;
· MAC-hs priority queue multiplexing for more efficient support of small packet size services (VoIP, GoIP, etc) [17];

· Multiuser transmission based on MAC-hs layer multiplexing for more efficiency for small packet size services;
For the control plane we think the following improvement requirements, some of which are handled by current R7 work items “Continuous connectivity for packet data users” and “Improved support of gaming over HSPDA/HSUPA”, should be considered:

· Fast RRC states transition to reduce the latency;
· Reduce the radio resource consumption when the UE temporarily has no data to send or receive;
· Reduce the UE’s power consumption for VoIP/GoIP over HSPA and continuous connectivity for packet data;
3 Conclusion
We support the efforts on pushing the HSPA evolution on the way forward. In order to analyse the real performance potential that HSPA evolution can achieve, forming a framework including possible enabling techniques is important. Therefore, we suggest doing the following study on HSPA evolution:
· Enhanced but fully backward compatible transmission schemes for uplink and downlink;
· Enhanced user plane schemes for efficient packet processing and better supports of small packet size services;
· Enhanced control plane schemes based on existing WIs.
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