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1. Introduction

The UL:DL=2:4 configuration in LCR TDD system is deployed in large scale. One problem with this configuration is that the potential maximum E-PUCH peak rate for a single user is difficult to reach due to the limitation that only the rectangular resource is allowed to be allocated to the E-PUCH by an E-AGCH control channel at a time and the fact is that the DPCH, E-RUCCH and HS-SICH that would occupy one uplink time slot even if only one of them is scheduled with 2 or 4 OVSF-16 codes and the rest 12 or 14 OVSF-16 codes resource can not be allocated to the E-PUCH as it requires rectangular resource. This contribution analyzes the E-PUCH peak rate decrease issue and proposes a scheme to the problem.
2. Problems
In current TD-SCDMA, the timing between the HS-SCCH and the according HS-PDSCH is fixed and the timing between the HS-PDSCH and HS-SICH, in which the ACK/NACK signaling for the HS-PDSCH and CQI in UE are fed back after HS-PDSCH is decoded at UE, is also fixed. Usually only one OVSF-16 spreading code is enough for carrying the CQI and ACK/NACK for in HS-SICH, however, two OVSF-16 codes are allocated to carry the HS-SICH for when the system midamble number Kcell is set to 8. In current deployed TD-SCDMA system Kcell=8 is adopted and the uplink and downlink configuration of UL:DL=2:4 is typically employed with 2 uplink time slots as depicted in the figure 1. 
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Figure 1: Channels allocation in UL time slots in the typical TD-SCDMA DL:UL=4:2 configuration
When only a few users are activated in a cell, the E-RUCCH channel used for uplink scheduling request is usually activated at relatively low frequency. The frames for DPCH channels in uplink time slots are usually multiplexing among several users. When the small number of users is activated in a cell and HS-PDSCH is scheduled in a continuous manner for one user or several users, it is likely that only HS-SICH is transmitted in the TS1 in some subframes, if at the same time there are some users need HSUPA services and this will bring problems:
For HSUPA user, the E-PUCH resources allocated to the user in different time slot must be the same with regarding to the E-AGCH control channel, which means the same OVSF spreading codes across the uplink time slots allocated to the user are rectangular. For the UL:DL=2:4 configuration case, if the HS-PDSCH is scheduled in every subframe, the HS-SICH feedback will occupy one uplink time slot, (for one DPCH and E-RUCH channel, 2 OVSF-16 codes are allocated to these channels in the midamble number K=8 case), then only one time slot can be used for the E-PUCH transmission. As a result, two problems pop up here:

1. The peak rate of E-PUCH is determined by the usage of one of the two uplink slots for the HS-SICH, DPCH and E-RCCH and the E-PUCH transmission. 
2. If there is only one or two HS-SICH channels in one uplink TS e.g. TS1, the rest of 14 or 12 OVSF-16 code resources in TS1 which can not be allocated for the E-PUCH transmission are wasted as the resource allocated for the E-PUCH is rectangular. 

One potential scheme for resolving the problems can be adjusting the timing between the HS-SICH and HS-SCCH, such that the HS-SICHs for the HS-PDSCH’s ACK/NACK feedback in the consecutive sub-frames are deferred and stuffed in one uplink time slot and save more uplink time slots for E-PUCH transmission in one or two sub-frames as depicted in the following figure 2. 
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Figure 2: Deferred HS-SICH transmission 

The DPCH is configured by high layer and is not suitable to be reconfigured/shifted from one Subframe (SF) to another suframe frequently, the timing between HS-SCCH and HS-SICH, and the timing between the E-RUCCH and F-PACH can be adjusted or deferred such that E-RUCCH, DPCH and HS-SICH is able to be stuck into one uplink time slot, in another word we can bund multiple HS-HICHs and the E-RUCCH by implementation into one UL Time Slot and save uplink time slots in one or two more subframes for E-PUCH transmission for increasing the peak rate for single user and avoiding the OVSF resource waste. 
3. Proposal
In this contribution, we analyze the problem encountered by the UL:DL=2:4 configuration in LCR TDD. We propose to consider an adaptive timing between the HS-SICH and HS-SCCH/HS-PDSCH or HS-SICH bundling for increasing single user peak rate and reducing the uplink resource waste in UL:DL=2:4. 
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