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1.
Introduction

In Malta, it was agreed that multi-level DRX operation is used in CELL_PCH. This document proposes a solution for multi-level DRX operation.
2.
Discussion on DRX Operation in CELL_PCH
The figure 1 shows one possible option of UE DRX operation based on [1] in the case a UE enters CELL_PCH from CELL_FACH. According to the current agreements, a shorter DRX cycle than the current DRX cycle is applied to the UE in CELL_PCH immediately after entering CELL_PCH from CELL_FACH. Downlink DCCH/DTCH transmission on HS-DSCH in CELL_PCH does not trigger state transition to CELL_FACH as shown in figure 1. We assume that after inactivity timer of downlink data transmission in CELL_PCH is expired, UTRAN and UE implicitly decide to use the long DRX cycle. 
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Figure 1. Proposed DRX operation after state transition from CELL_FACH to CELL_PCH
As a UE uses a short DRX cycle in case of state transition from CELL_FACH to CELL_PCH, the UE in CELL_PCH could use the short DRX cycle e.g. 80 ms in case that the UE receives data transmission on HS-DSCH in CELL_PCH as shown in figure 2. Whenever DCCH/DTCH on HS-DSCH is received, the UE in CELL_PCH starts an inactivity timer. Then, when the timer is expired, the UE goes back to the long DRX cycle. 
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Figure 2. Example of DRX Operation after state transition from CELL_PCH to CELL_FACH
We think that if several HS-DSCH transmissions in a certain time are expected, UTRAN would move the UE in CELL_PCH to CELL_FACH. Thus, mapping DCCH/DTCH on HS-DSCH in CELL_PCH would be used only for the case that there is a few HS-DSCH transmissions in CELL_PCH. In that sense, we think that the inactivity timer needs not to have a large value. 
One problem of DRX operation shown in figure 2 could be that when the UE in CELL_PCH misses DCCH/DTCH on HS-DSCH, UTRAN will perform short DRX and UE will perform long DRX. Due to this misalignment, when UTRAN transmits a packet on HS-DSCH in the short DRX, UE performing long DRX would miss the packet.
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Figure 3. Example of short and long DRX operation in CELL_PCH
When RLC AMD PDU is transmitted on HS-DSCH in CELL_PCH, we can solve the problem. As shown in figure 3, UE triggers short DRX after sending RLC ACK/NACK to AMD PDU and UTRAN triggers short DRX after receiving the RLC ACK/NACK. Thus, if UE in CELL_PCH misses the RLC AMD PDU on HS-DSCH, UE and UTRAN will continue performing long DRX due to the fact that there is no RLC ACK/NACK. 

On the other hand, if UE in CELL_PCH correctly receives the RLC AMD PDU on HS-DSCH, sends RLC ACK/NACK to UTRAN, but UTRAN does not receive RLC ACK/NACK, UE will perform short DRX but UTRAN will perform long DRX. Thus, even if UTRAN sends data on HS-DSCH in a long DRX cycle, UE can receive the data on HS-DSCH because the short DRX cycle is a division of the long DRX cycle. Then, UE will perform long DRX after the inactivity timer is expired.

Proposal 1: When UE moves from CELL_FACH to CELL_PCH, UE performs short DRX and then after the inactivity timer is expired, the UE performs long DRX.
Proposal 2: When UE in CELL_PCH receives DCCH/DTCH on HS-DSCH, UE performs short DRX. In case of RLC AM, RLC ACK/NACK can be used for confirmation of transition to short DRX.
5.
Conclusion

In this document, we propose that 
1. When UE moves from CELL_FACH to CELL_PCH, UE performs short DRX and then after the inactivity timer is expired, the UE performs long DRX.

2. When UE in CELL_PCH receives DCCH/DTCH on HS-DSCH, UE performs short DRX. 

If RLC AM is configured in case of proposal 2, RLC ACK/NACK can be used for confirmation of transition to short DRX. In this case, in UE side, when UE in CELL_PCH receives RLC AMD PDU on HS-DSCH and sends RLC ACK, UE performs short DRX. In UTRAN side, when UTRAN receives RLC ACK to RLC AMD PDU on HS-DSCH in CELL_PCH, UTRAN performs long DRX.
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