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Introduction

In RAN2#101bis meeting [2], 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 issue about the timing of DRX timers when the numerology of uplink BWP and downlink BWP of a serving cell are different.
Discussion
In the latest TS 38.321as quoted below, the starting of the DRX timer (e.g drx-HARQ-RTT-TimerUL) does consider that whether the the numerology of downlink BWP and uplink BWP of serving cell are same or not.

	When DRX is configured, the MAC entity shall:
1>
if a MAC PDU is received in a configured downlink assignment:
2>
start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
2>
stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>
if a MAC PDU is transmitted in a configured uplink grant:
2>
start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
2>
stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>
if a drx-HARQ-RTT-TimerDL expires:
2>
if the data of the corresponding HARQ process was not successfully decoded:
3>
start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.

1>
if a drx-HARQ-RTT-TimerUL expires:
2>
start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.


Next, we will take the drx-HARQ-RTT-TimerUL as example to analyze the starting of DRX timer. Assumed that the numerology of uplink BWP that performed the PUSCH transmission and downlink BWP are same, where the uplink BWP and downlink BWP belong to the same serving cell. As shown in Fig.1, UE will start the timer at symbol x+9 after the end of PUSCH transmission at symbol x+8.
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Fig.1 the numerology of BWP that transmitted the PUSCH and the BWP that received the TB are same

Observation 1: According to the latest 38.321, the timing of DRX timer is clear, for the case that the numerology of uplink BWP and the downlink BWP of serving cell are same.

According to the latest 38.331, the case that the numerology of uplink BWP and the downlink BWP belonging to the same serving cell is configured differently is possible. As shown in Fig.2, the first repetition of the corresponding PUSCH transmission is finished at symbol x+15, which corresponds to the middle of symbol x+8 of the downlink BWP. 

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” is not clear because “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 x+8 as the first symbol or the symbol x+9 as the first symbol. 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 numerology of BWP that transmitted the PUSCH and the BWP that received the TB are different
Observation 2: “The first symbol” described for the timing of DRX timer in 38.321 is 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.
We think that the timing of DRX timer should be specified without ambiguity. There are two options as following:

-Option 1: the DRX timer only be allowed to start at symbol boundary. For example, the UE shall start the drx-HARQ-RTT-TimerUL at the symb x+9 corresponding to downlink BWP in Fig.2.
-Option 2: the DRX timer should be started immediately. For example, the UE shall start the drx-HARQ-RTT-TimerUL at the symb x+8 corresponding to downlink BWP in Fig.2.
During the drx-HARQ-RTT-TimerUL or drx-HARQ-RTT-TimerDL running, the MAC entity will not receive the scheduling information for a DL assignment or a UL HARQ retransmission grant for HARQ retransmission. If the UE delay to start the timer (e.g. start at symbol x+9 corresponding to downlink BWP in the Fig.2), extra delay will occur correspondingly. For the DRX timer which the MAC entity shall be active time (e.g drx-inactiveTimer, drx-RetransmissionTimerDL), UE shall start the timer immediately to monitoring the possible scheduling. In addition, as RAN2 has agreed that The UE is not required to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the timer start or expires in the middle of a PDCCH monitoring occasion), starting a DRX timer in the middle of symbol will not result in extra impact.
Proposal 1: Change “the first symbol” described for the timing of DRX timer in 38.321 to “immediately”.
3. Conclusion

In this contribution, we discuss the issue about the starting of DRX timers and had the following observations and proposal:
Observation 1: According to the latest 38.321, the timing of DRX timer is clear, for the case that the numerology of uplink BWP and the downlink BWP of serving cell are same.

Observation 2: “The first symbol” described for the timing of DRX timer in 38.321 is 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: Change “the first symbol” described for the timing of DRX timer in 38.321 to “immediately”.
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