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1	Introduction
When DRX is enabled for critical service, e.g. VoNR, there may exist some problems. One of the problems is described below and some analysis is given accordingly.
2	Discussion
2.1 Problem description
The original intention of DRX mechanism is to reduce UE power consumption, especially for the traffic with periodic characteristics, for example, VoLTE /VoNR. So DRX is enabled for VoLTE in our real network in some regions. But with the current DRX design in [1], there may be some problems.
If the UE transmits a BSR at the end of on Duration, it may have to wait and would not receive the UL grant for new transmission until the next on Duration. Because the current specification does not specify the corresponding gNB behaviour, so out of power saving some manufacturers' gNB may decide not to schedule the UE when the UE enters sleep period. For the UE, it may have to wait for tens of milliseconds across the whole sleep period, which would cause jitter of voice and degrade the user experience. Worse still, the gNB may forget to schedule the UE on the next on Duration due to the wrong eNB implementation. This ridiculous thing has ever happened in our LTE network. And the result is, UE has to discard the PDCP PDUs since PDCP discard timer expires but the UE still have no UL grant. 


Figure 1  illustration of the possible problem

In our understanding for some critical services like VoNR, quality of user experience is much important than UE power saving. That is, the already produced critical services’ data should be transmitted as quickly as possible to guarantee the jitter performance. Correspondingly gNB should timely schedule the UE when it receives a BSR containing those services’ buffer status.
Proposal 1:  The gNB should timely schedule a UE that transmits a critical service related BSR no matter what the UE DRX status is.
2.2 Possible solutions
To realize fast scheduling for critical services like VoNR, it is necessary to clearly define a time period during which a UL grant for new transmission could be expected by the UE and during which the gNB is requested to response. In our understanding two kinds of timer could be considered:
1. Start a timer immediately after the BSR transmission
When the timer is running, UE continuously monitors PDCCH to find whether a new transmission grant exists. The timer could be the existing drx-InactivityTimer, or a newly introduced timer.
· Option 1A: introduce a new timer, like drx-InactivityTimer 
· Option 1B: reuse the drx-InactivityTimer


Figure 2  illustration of option 1A&1B

2. A certain time later after the BSR transmission, start a timer
During the certain time period, UE is not required to monitor PDCCH. But when the timer starts, UE should continuously monitor PDCCH to find whether a new transmission grant exists. The procedure is just like drx-RetransmissionTimerUL and drx-HARQ-RTT-TimerUL and we think the two existing timer could be reused.
· Option 2: reuse drx-RetransmissionTimerUL and drx-HARQ-RTT-TimerUL 
According to the DRX operation specified in [1], if the UE transmits a MAC PDU (containing a BSR), it would start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after the first repetition of the corresponding PUSCH transmission, where drx-HARQ-RTT-TimerUL is defined as the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity. If drx-HARQ-RTT-TimerUL expires, the drx-RetransmissionTimerUL would be started where drx-RetransmissionTimerUL is defined as the maximum duration until a grant for UL retransmission is received.
However with the current definition of drx-RetransmissionTimerUL, the UE could only stop the timer when a retransmission grant is received. But from procedure point of view, it is unreasonable to keep drx-RetransmissionTimerUL running when a UL grant for new transmission is received by the UE. Because indicating a new transmission grant on the same HARQ process means that the previous transmitted MAC PDU has been successfully decoded by the gNB, and there is no need for UE to keep waiting for a retransmission grant on this HARQ process. If UL grant for new transmission is expected during drx-RetransmissionTimerUL, the definition of drx-RetransmissionTimerUL may need to be revised. Since there is some relationship between drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL, the definition of drx-HARQ-RTT-TimerUL may also need revising.
Observation 1. If UL grant for new transmission is expected during drx-RetransmissionTimerUL, the definitions of drx-RetransmissionTimerUL and drx-HARQ-RTT-TimerUL may need to be revised. 
The definition of drx-RetransmissionTimerUL can be revised as: the maximum duration until a grant for UL retransmission or new transmission is received. And the definition of drx-HARQ-RTT-TimerUL could be: the minimum duration before a UL HARQ retransmission grant or new transmission grant is expected by the MAC entity. 


Figure 2  illustration of option 2

Table 1   Comparison among these options
	
	Option 1A: 
introduce a new timer, like drx-InactivityTimer
	Option 1B: 
reuse the drx-InactivityTimer
	Option 2: 
reuse drx-RetransmissionTimerUL and drx-HARQ-RTT-TimerUL 

	Impacts on the existing specification 
	No impacts 
	Add a new function on drx-InactivityTimer 
	Definition of drx-RetransmissionTimerUL and drx-HARQ-RTT-TimerUL need to be revised 

	Impacts on UE behaviour
	No impacts on the existing UE behaviour 
	Behaviours related to drx-InactivityTimer is influenced 
	Behaviours related to HARQ retransmission would be influenced 

	[bookmark: OLE_LINK1]Impacts on gNB behaviour
	gNB is requested to response UE with a UL grant for new transmission.
gNB behavior is predictable
	gNB is requested to response UE with a UL grant for new transmission.
gNB behavior is predictable
	gNB is requested to response UE with a UL grant for new transmission.
gNB behavior is predictable

	Latency performance
	UE is able to receive new transmission grant timely 
	UE is able to receive new transmission grant timely
	Depends on the value of drx-HARQ-RTT-TimerUL

	Can it only apply to some BSR? E.g. VoNR relate BSR only?
	YES 

	YES 
	NO 
If it is enabled, all BSR would follow the same operation: gNB has to schedule the UE even if the UE is requesting resources for WEB services.



From the comprehensive comparison, it is obvious that starting a new timer or reusing the existing drx-InactivityTimer is much better than redefining drx-RetransmissionTimerUL and drx-HARQ-RTT-TimerUL.
Proposal 2:  Start a new timer or drx-InactivityTimer immediately after the critical service related BSR transmission.
3	Conclusion
In summary, our considerations and recommendations are list below:
Proposal 1:  The gNB should timely schedule a UE that transmits a critical service related BSR no matter what the UE DRX status is.
Proposal 2:  Start a new timer or drx-InactivityTimer immediately after the critical service related BSR transmission.
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