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1 Introduction

At RAN meeting #37 in September 2007, " HSPA Evolution for 1.28Mcps TDD " was approved as a new study item (SI) in RP-070748 [1]. In this SI, how to realize Continuous Connectivity for Packet Data Users (CPC) is a very important aspect to be studied. In this contribution we will provide:

· the motivation to study CPC;
· the analysis of current HSDPA/E-DCH in 1.28Mcps TDD;

· potential solutions for CPC;
· recommendations for future CPC WI;
2 Motivation

Similar to WI “Continuous connectivity for Packet data users (FDD)” in [2], the motivation of CPC for 1.28Mcps TDD can be summarized as:

· Significantly increase the number of inactive packet data users that can stay in CELL_DCH state over a long time period without degrading cell throughput and that can restart transmission with a much shorter delay than would be necessary if UEs are transferred from another state before data can be transferred;
· Reduce UE power consumption;
· Optimize HSDPA/E-DCH to transport low-latency low data-rate traffic like VoIP more efficiently;
3 Analysis of Current HSDPA/E-DCH for 1.28Mcps TDD

 In current HSDPA specifications for 1.28Mcps TDD:

· each UE shall be assigned associated DPCH in the uplink and downlink to keep uplink synchronization even if no data is transmitted. Therefore, the number of simultaneous packet data users will be limited due to the code limited downlink and uplink in 1.28Mcps TDD;
· in order to launch HSDPA transmission at any time, UEs are required to monitor one or more HS-SCCHs continuously. If user stays connected over a long time span while there are only occasional periods of data transmission, the UE will consume much power unnecessarily.  
· the relative overhead consumed by HS-SCCH becomes significant when it is used to transport small packets, such as those generated in the transport of low-latency low data-rate traffic like VoIP and gaming over HSDPA
According to the current E-DCH specifications for 1.28Mcps TDD:
· E-DCH must operate together with HSDPA or DPCH;

· Two types of transmission are supported, one is non-scheduled transmission which is always associated (allocated) with the reserved and dedicated physical layer resources in a way similar to DPCH; the other is scheduled transmission sharing the common physical resource pool; 
· The E-PUCH and E-HICH for non-scheduled transmission can also be used to keep uplink synchronization for UE. So when E-DCH operates together with HSDPA or DPCH, from the point view of keeping uplink synchronization, the associated DPCHs or DPCHs are redundant and some resources are wasteful.
· Not specified or optimized on  how to support VoIP traffic；

· No DTX for E-DCH transmission;
Moreover, in the HSDPA/E-DCH scenario, we should take HSDPA and E-DCH into comprehensive consideration for CPC rather than improve HSDPA and E-DCH respectively. Based on the above analysis and the motivation for CPC, it is intuitively obvious that we should enhance HSDPA and E-DCH in 1.28Mcps TDD by:
· Eeliminate the code limitation to increase the number of packet data user； 
· Adopting just one solution to keep uplink synchronization;
· Reducing UE power consumption;；

· Optimizing to support VoIP traffic; 
4 Potential solutions
With the reference to the work done in FDD CPC, we focus on the scenario that UEs are kept in CELL_DCH state with the connections configured on HS-DSCH and E-DCH only, i.e. without additional DPCH in the uplink or downlink. The SRBs are assumed to be mapped on HS-DSCH in downlink and on E-DCH in uplink. Because of no associated DPCH in HSDPA, much more packet data user can be kept in CELL_DCH simultaneously. For the other above aspects, here are some potential solutions: 
· Assign non-scheduled E-DCH resources for each packet data user
We can assign different non-scheduled E-DCH resources for different traffic, such as SRB, GBR and other real-time traffic (streaming or even conversational); As mentioned above, the E-PUCH and E-HICH for those non-scheduled transmission can be used to keep uplink synchronization for UEs. 
· Introduce DRX and DTX conception
With the reference to the solution in CPC for FDD, in case of discontinuous transmissions or sustained DL inactivity, the UE and UTRAN may limit the number of subframes where the UE needs to monitor the HS-SCCH. The UE just monitors a limited subset of HS-SCCHs (DRX) in the time domain. In this case, UE is able to shut-off the receiver circuitry over some periods of time to yield a non 100% receiver duty cycle and thus consumes less power. In the meantime, reduction power consumption can be also further achieved by not transmitting E-PUCH when no data (DTX) in UE. 
· Introduce HS-SCCH-less for downlink VoIP traffic and use non-scheduled transmission for uplink VoIP traffic 
In order to reduce the overhead of control channel for VoIP traffic in HSDPA,  we can also introduce HS-SCCH-less conception in CPC for downlink VoIP traffic in 1.28Mcps TDD which is similar to that in CPC for FDD. For uplink VoIP traffic, non-scheduled transmission can be used for new data packet while scheduled transmission can be used for retransmission of failure data packets. In this way, the overhead of control channel can be significantly reduced. 
To maximize the benefits of CPC by introducing the above solutions, with the reference to that in CPC for FDD,we can put them together under a common framework and define several sub-states of CELL_DCH for 1.28Mcps TDD which are shown in figure 4-1. 
· Active: regular transmission of UL channels and reception of DL channels. Normal HSDPA/E-DCH for non-VoIP traffic transmission and enhanced HSDPA/E-DCH for VoIP traffic transmission.
· Connected DTX state: reduced transmission of non-scheduled E-DCH (DTX) and regular transmission of HSDPA and scheduled E-DCH. 
· Connected DTX/DRX state: reduced transmission of non-scheduled E-DCH (DTX) and reduced HSDPA transmission (DRX) but regular scheduled E-DCH transmission. 
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Figure 4-1

5 Conclusion
With the presentation of the motivation, analysis of current HSDPA/E-DCH and the potential solutions for CPC in 1.28Mcps TDD, we think it is necessary and feasible to study CPC in 1.28Mcps TDD. Therefore a corresponding work item can be started at RAN #38 in November 2007.

Moreover, we suggest the following aspects as the assumptions to further studies on CPC in 1.28Mcps TDD during the WI phase. 
· Remove the associated DPCH in HSDPA
· Assign non-scheduled E-DCH resources for each packet data user
· Introduce DRX and DTX conception
· Introduce HS-SCCH-less for downlink VoIP traffic and use non-scheduled transmission for uplink VoIP traffic 
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