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1 Introduction

In RAN1 #51 meeting, we discussed and agreed the scope of CPC in 1.28Mcps TDD as following:

· Eliminating the code limitation to increase the number of packet data user;

· Reducing UE power consumption;
· Optimizing to support VoIP traffic; 
In this document, we will further analyze the potential solutions to the above issues.
2 Analyze of potential solutions and proposal
2.1 Eliminating the code limitation to increase the number of packet data user
In 1.28Mcps TDD, synchronized uplink transmission shall be guaranteed to reduce interference in the traffic time-slots. Therefore, in all the released version of specifications of 1.28Mcps TDD, The establishment of uplink synchronization is done during the random access procedure and maintained by Node B signaling Synchronization Shift (SS) commands based on UE’s uplink transmission to UE to adjust its uplink transmission timing.
In Idle, CELL_PCH, URA_PCH and CELL_FACH state, UE can only transmit uplink messages on PRACH during the random access procedure in which uplink synchronization is established and subsequently doesn’t maintain uplink synchronization.
In CELL_DCH state, uplink synchronization shall be maintained by uplink transmission and signaling Synchronization Shift (SS) commands to UE.

Actually, it is enough with periodic uplink transmission and signaling SS commands to maintain uplink synchronization in CELL_DCH state. In the HSDPA/E-DCH scenario, therefore, there are three schemes can be taken into consideration:
· Assign UE DPCH or associated DPCH resource to UE. 
· In this scheme, uplink and downlink dedicated resources are needed to generate and transmit SS commands to UE. However, several UEs can time-divided share the same code to improve the code efficiency and increase the number of packet data user.
· Grant HSDPA or scheduled E-DCH resources to UE periodically. 
· In this scheme, no dedicate resources are needed, and the SS commands can be generated based on HS-SICH and transmitted on HS-SCCH in HSDPA and generated based on E-PUCH and transmitted on E-HICH in E-DCH scheduled transmission.
· However, Granting HSDPA or scheduled E-DCH resources to UE for uplink synchronization maintenance may impact on normal HSDPA or E-DCH transmission. To minimize the impact more HSDPA or scheduled E-DCH resources may be needed thereby resources being consumed implicitly. Moreover, Granting HSDPA or scheduled E-DCH resources only for uplink synchronization maintenance is very inefficient.
· Assign non-schedule E-DCH resource to UE. 
· In this scheme, the assignment of the uplink non-schedule E-PUCH is the same as that of uplink DPCH while the related downlink E-HICH resources can be share by several UEs at each TTI to transmit SS commands with higher efficiency.
By comparing above three schemes, we can find that the third one is more efficient and reliable. So we propose:
Proposal 1: assign non-scheduled E-DCH resource to maintain uplink synchronization in CELL_DCH state.
2.2 Reducing UE power consumption
In current HSDPA specifications for 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 transmissions, the UE will consume much power unnecessarily.

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 sub-frames 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 current E-DCH specifications for 1.28Mcps TDD, the non-scheduled E-DCH resources is associate with the reserved and dedicated physical layer resources allocated by SRNC. In order to reduce the uplink noise rise and the UE power consumption, UE can reduce transmission of non-scheduled E-DCH (DTX) when it has temporarily no data transmission while guarantee the uplink synchronization maintenance.
Moreover, if the HS-SCCH DRX and non-schedule E-DCH DRX is always performed periodically at the same TTI, the UE power consumption can be minimized. In detail, a timer can be configured both in Node B and UE with the same period and activation time to control the HS-SCCH DRX and non-schedule E-DCH DRX.
Proposal 2: Introduce HS-SCCH DRX and non-scheduled E-DCH DTX mechanism to reduce UE power consumption.
2.3 Optimization to support VoIP traffic
Because the overhead consumed by HS-SCCH in HSDPA is not acceptable when it is used to transport low-latency low data-rate traffic like VoIP and gaming, we should optimize the operations in HSDPA to reduce the overhead of control channel for VoIP traffic. Similar to that in CPC in FDD, HS-SCCH-less operation in CPC for downlink VoIP traffic can also be introduce into CPC in 1.28Mcps TDD.
However, because the HS-SCCH is not transmitted with first HARQ transmissions in HS-SCCH-less operation, the relationships between HS-SCCH and HS-SICH can not be used any more. A possible method is that the HS-SICH used to transmit the HARQ acknowledgements is configured by linking it to the pre-defined HS-PDSCH resources.
In the meantime, close-loop power control of HS-SICH can not base on the HS-SCCH on which the TPC commands for HS-SICH are carried because there is no HS-SCCH transmission with the first HARQ transmissions. A possible method is to carry the TPC commands for HS-SICH lose-loop power control on the linked HS-PDSCH.
For uplink VoIP traffic, it was not specified and optimized on how to support VoIP traffic in current E-DCH specifications. In E-DCH in 1.28Mcps TDD, the non-scheduled transmission is very suitable for the first HARQ transmissions of VoIP traffic because the related resources are pre-define in a way similar to DPCH so that there is not any control channel overhead, and the scheduled transmission can be used for the HARQ retransmission of VoIP traffic. Typically, the non-scheduled transmission for the first HARQ transmissions is performed in one sub-frame every 20ms, the scheduled transmission can just be performed for HARQ retransmission in other three sub-frames. In this way the QoS of uplink VoIP traffic can be guaranteed. So we propose:
Proposal 3: introduce HS-SCCH-less operation for downlink VoIP traffic, and utilize non-scheduled E-DCH transmission for the first HARQ transmission and scheduled E-DCH transmission for HARQ retransmission for uplink VoIP traffic .
2.4 Enhancement of CELL_DCH state 
In order to keep backward-compatible and introduce the above technology state in CPC, it is necessary to enhance the behavior of UE in CELL_DCH state. Based on the assigned resources, supporting service and the state of the transmitter and receiver of UE, we can define three different work modes in CELL_DCH state from the point view of UE which is illustrated in figure 2-1. The detail descriptions of the states are: 
· Active mode 1: regular HSDPA/E-DCH transmission which is backward-compatible with current  HSDPA/E-DCH transmission;
· Active mode 2: enhanced and optimized to support VoIP traffic transmission;
· Connected mode: reduced transmission of non-scheduled E-DCH (DTX) and/or reduced HSDPA transmission (DRX). 
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Figure 2-1

3 Conclusion
In this document, we provided and analyzed some possible solutions to each aspect of the scope of CPC in 1.28Mcps TDD. And we suggest that RAN1 approve to start the corresponding work item for further study at the next RAN plenary meeting.
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