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1
Introduction

ET (early termination) Gap is one sub-feature in early termination design, which is studied in TR 25.702 “Study on Dedicated Channel (DCH) enhancements for UMTS”. With non-ideal FET-AI (frame early termination – ack indicator) feedback, it is hard to be guaranteed that NodeB and UE both enter “ET Gap”. This contribution addresses what would happen if NodeB and UE do not enter “ET Gap” together.
2
ET Gap
2.1
What is ET Gap
ET Gap is a sub-feature of early termination (ET) design. Figure 2.1.1 is an ET example without “ET Gap”. FET-AI feedback mask is assumed in Slot#[11:2:27] both in DL and UL. In the example, NodeB receives ACK for DL data right before Slot#15 and stops data transmission after Slot#15. UE receives ACK for UL data right before Slot#19 and stops data transmission after Slot#19. DL DPCCH and UL DPCCH are still transmitted even DL data and UL data are no more transmitted after Slot#19. 
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Figure 2.1.1 – ET example without “ET Gap”
From evaluation, it is found that system capacity can be further improved if DPCCH transmission is also terminated. Little performance loss is observed due to the discontinuous power control procedure during ET Gap. However, the power saving due to DTX of DPCCH brings significant capacity improvement. The capacity improvement is larger in UL since there are Pilot and TPC/FET-AI field in UL DPCCH. In addition, ET Gap also improves UE battery life saving since UE can enter DTX/DRX mode during ET Gap. Figure 2.1.2 shows an ET example with “ET Gap”. From NodeB’s point of view, NodeB receives ACK for DL data just before Slot#15 and stops data transmission after Slot#15. NodeB decodes UL data successfully and sends ACK in Slot#19. Just before Slot#20, NodeB knows that DL data and UL data are both early terminated, and therefore NodeB enters ET Gap after Slot#20, which means NodeB also stops DPCCH transmission until the warming up slot. From UE’s point of view, UE decodes DL data successfully and sends ACK in Slot#13. UE receives ACK for UL data just before Slot#19 and stops data transmission after Slot#19. Meanwhile, UE knows that DL data and UL data are both early terminated, and therefore UE enters ET Gap after Slot#19, which means UE also stops DPCCH transmission until the warming up slot.
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Figure 2.1.2 – ET example with “ET Gap”

2.2
ET Gap with Non-ideal FET-AI Feedback
With ideal FET-AI feedback, there is no side effect to degrade system performance. However, abnormal power control might happen if FET-AI feedback is not ideal. Figure 2.2.1 is modified from Figure 2.1.2, ACK miss detectin happens in UE side just before Slot#19. UE transmits UL data and decodes TPC/FET-AI continually. However, NodeB does not transmit TPC/FET-AI any more. Until UE decodes a lucky ACK just before Slot#25, UE enters ET Gap. During Slot#19~Slot#24, power control is randomly up or down, and the abnormal power control behavior might degrade system performance. In this case, the miss detection introduces not only extra power waste but also abnormal power control.
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Figure 2.2.1 – ET example with abnormal TPC due to FET-AI miss detection

Figure 2.2.2 is another example and is also modified from Figure 2.1.2. NACK false alarm happens in UE side just before Slot#15. UE enters UE ET Gap and stops UL transmission. Since there is no extra UL data transmission, NodeB fails to decode UL data in this TTI. However, NodeB does not transmit TPC/FET-AI any more. Until UE decodes a lucky ACK just before Slot#25, UE enters ET Gap. During Slot#19~Slot#24, power control is randomly up or down, and the abnormal power control behavior might degrade system performance. In this case, the miss detection introduces not only extra power waste but also abnormal power control.
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Figure 2.2.2 – ET example with abnormal TPC due to FET-AI miss detection

3
Conclusions
Abnormal power control behavior due to asynchronous entering ET Gap between NodeB and UE might degrade the system performance. The effect of abnormal power control should be considered into simulation for practical performance evaluation. Alternatively, solutions to prevent abnormal power control should be investigated. 
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