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Introduction

In the RAN2#101bis meeting [1], the following agreements about the timing of DRX timers have been achieved:

	=> We attempt to put everything in the normative procedure text

=> drx-InactivityTimer is started after the PDCCH reception, i.e. The MAC entity monitors PDCCH for X ms from the symbol n+1 if last symbol of the PDCCH occasion that starts the timer is symbol n.

=> ra-ContentionResolutionTimer is started at the symbol after the last symbol of the msg3 transmission, i.e. The MAC entity monitors PDCCH for X ms from the symbol n+1 if the last symbol of the msg3 transmission is n

=> it is proposed to change the unit for ra-ContentionResolutionTimer from subframe to ms to avoid confusion that it starts at a subframe boundary

=> drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is started at the symbol n+1 if the last symbol of PUCCH transmission and PUSCH transmission is symbol n

=> drx-RetransmissionTimerDL and drx-RetransmissionTimerUL is started at symbol n+1 if drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL expiry if symbol n

=> to be captured in a CR for next meeting (Nokia)


In this contribution, we will discuss the possible problem about the timing of DRX timers when the numerology of uplink BWP and downlink BWP of serving cell are different.
Discussion
In the latest TS 38.321, the starting of DRX timer is described as in the first symbol after the related trigger event. For the starting of the drx-HARQ-RTT-TimerUL, the trigger event refers to the end of the first repetition of the corresponding PUSCH transmission. Next, we will take this timer as example to analysis the possible problem when the numerology of uplink BWP and downlink BWP are different.

Case 1:The trigger event occurs at a slot boundary

As shown in Fig.1, the “in the first symbol” described for the timing of drx-HARQ-RTT-TimerUL is clear. UE will start this timer in fixed manner no matter whether the numerology of uplink BWP and downlink BWP of serving cell are same or not.
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Fig.1 The end of first repetition of the corresponding PUSCH transmission occurs at slot boundary
Case2: The trigger event occurs at a symbol boundary rather than a slot boundary

In NR, mini-slot scheduling method is introduced to reduce transmission delay for URLLC. Thus, it is possible that the first repetition of the corresponding PUSCH transmission will end at a symbol boundary rather than a slot boundary, as shown in Fig.2.

Based on the specification, the UE shall start the drx-HARQ-RTT-TimerUL in the first symbol after the end of the the first repetition of the corresponding PUSCH transmission. However, “the first symbol” may be not clear. As shown in Fig.2, “the first symbol” can be the first symbol of UL subframe/carrier or the first symbol of DL subframe/carrier, which means that the UE may consider the symbol 6 as the first symbol or the symbol 7 as the first symbol corresponding to the downlink BWP. Under this case, the network and the UE may cannot keep common understanding about UE’s DRX state, which may result that the scheduling information cannot be receive by the UE.
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Fig.2 The end of first repetition of the corresponding PUSCH transmission occurs at symbol boundary
Observation 1: “The first symbol” described for the timing of DRX timer in 38.321 may be ambiguous because it is not clear about the UL subframe/carrier or DL subframe/carrier, for the case that the numerology of uplink BWP and the downlink BWP of serving cell are different.

Based on above analysis, UE’s behavior of starting DRX timer (e.g., the drx-HARQ-RTT-TimerUL) may be uncertain under different cases. In order to avoid ambiguity, the “in the first symbol” described for the timing of DRX timer in 38.321 shall be clarified.
Proposal 1: The “in the first symbol” described for the timing of DRX timer in 38.321 shall be clarified.

By checking the discussion process about the timing of DRX timer, the intention is to start the timer at the time point which its corresponding trigger event occurs like LTE. While for NR, it becomes more complicated with different numerologies. When UL/DL BWP with different numerology, it raises the question that which symbol boundary to align to.
Proposal 2: Change “ in the first symbol after the end” described for the timing of DRX timer in 38.321 to “at the ending boundary ”.

3. Conclusion

In this contribution, we discuss the issue about the starting of DRX timers and had the following observations and proposal:

Observation 1: “The first symbol” described for the timing of DRX timer in 38.321 may be ambiguous because it is not clear about the UL subframe/carrier or DL subframe/carrier, for the case that the numerology of uplink BWP and the downlink BWP of serving cell are different.

Proposal 1: The “in the first symbol” described for the timing of DRX timer in 38.321 shall be clarified.

Proposal 2: Change “ in the first symbol after the end” described for the timing of DRX timer in 38.321 to “at the ending boundary ”.
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