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1 Introduction
In last meeting, RAN2 kicked off the discussion on the UE power saving. For the possible DRX enhancements, RAN2 only have time to discuss the DRX procedure related to the power saving signal/channel. In this paper, we discuss the other possible DRX enhancement for UE power saving that is independent of the power saving signal/channel.
2 Discussion
2.1 UE assistance on C-DRX configuration
In both LTE and NR, it is up to network to configure the DRX parameters for the UE. Only in the following two cases the UE is allowed to report its suggestion on DRX configuration to the network.

· Case 1: To solve the in-device coexistence problem as illustrated in [3], the TDM solution may be needed. One way to provide the TDM patterns is via the DRX mechanism. So in order to help the network to configure appropriate DRX parameters, the UE needs to provide the DRX parameters to match the TDM patterns it desired.

· Case 2: In order to increase the robustness of the PUSCH transmission for coverage enhancement, air interface delay budget can be relaxed. Such relaxation may be achieved when a UE in good coverage indicates a preference for decreasing the DRX cycle length to the eNB to reduce the local air interface delay. 

It can be observed that in the above two cases where the UE can provide DRX parameters to the network, neither of the motivation is for UE power saving. Except the above two cases, generally the network would decide the DRX parameters based on the QCI/5QI of the services ongoing by itself. This of course can guarantee the service performance for the UE, however, it can’t match the UE’s preference all the time. In some cases the UE may desire lower power consumption or the UE has opportunity to reduce it power consumption while the network has no idea about it. For example, when the UE’s screen is power off after some time if there is no user interaction and at the same time there is no latency critical applications running. Another example is the when there is no more data in higher layers in the UE. 

Observation: There are the cases where the UE has opportunity to reduce the power consumption but the network has no idea about it.
In such cases, for UE power saving, it is desirable that a longer DRX cycles could be configured. Moreover it is obvious that only UE knows the appropriate DRX cycle values in such cases. Thus if such cases happen the UE should be allowed to report assistance information to help the network to adjust its DRX configuration. Actually in LTE, a tool has been specified to enable the UE to report its preference on low power consumption, i.e. via the 1bit powerPrefIndication. However in our view, that 1 bit information couldn't provide enough information for the network to decide what configuration the UE really want to adjust and thus it is unrealistic for the UE to get response from the network. So instead of inheriting such 1bit information in NR for UE power saving, we prefer to let the UE to report more explicit configurations it is desired as the assistance information to the network. This can be realized by reporting the UE’s desired DRX parameters or by indicating the UE preference on how to adjust the DRX parameters, e.g., the preference in increasing the DRX cycle length.  

Proposal 1: The UE is allowed to report its desired DRX parameters or indicate its preference on DRX parameters adjustment. 
2.2 Dynamic selection of C-DRX configuration
Currently, the specification only support that the network configures a single set of DRX parameters for the RRC-Connected UE. The concern on this limitation is a single set of DRX parameters may not be sufficient to reduce power consumption while satisfying latency requirement of different applications/services. One proposed mechanism to address this issue during the recent RAN1 meeting is to configure several sets of DRX parameters by RRC signalling, and the network can indicate the UE to switch the parameters among these sets of parameters via L1/L2 signalling. Actually, this mechanism has been discussed in Rel-15 when RAN2 works on the DRX framework for NR. At that time it is not clear about how much benefit could be achieved from multiple set of DRX parameters with fast reconfiguration. Thus RAN2 finally decide to adopt the single DRX configuration mechanism like in LTE. 
In our view, although relying on the NW to select one set of C-DRX configuration from several sets C-DRX configurations couldn’t provide the desired gain, the mechanism could be useful if it is combined with the UE assistance information for C-DRX configuration. Specifically, the NW can configure several sets of C-DRX configurations for the UE, and the UE can suggest one set of C-DRX configuration that is mostly match its traffic characteristics and its status (e.g., whether the screen is power off or power on) from power saving point of view to the NW. In this case, the NW can adjust the C-DRX configuration for the UE more effectively. 
Proposal 2: RAN2 to study the benefit of UE assisted C-DRX configurations selection from multiple sets of C-DRX configurations.
2.3 Optimization on the selection of C-DRX cycle
C-DRX is an important power saving mechanism. There is a trade-off between performance and UE battery consumption. With longer DRX cycle, more power can be saved at the cost of increasing the possibility of data delay. The current C-DRX mechanism shows a preference on using Short DRX Cycle. According to TS 38.321 [4], there are limited scenarios where Long DRX Cycle is applied:

1) Short DRX Cycle is not configured;

2) drx-ShortCycleTimer expires;

3) Long DRX Command MAC CE is received.

In order to achieve a better balance between performance and UE battery consumption. More study is needed to optimize the selection of C-DRX cycle based on traffic characteristics. The Short DRX Cycle has to consider the shortest waiting time requirement of all the traffics. Even though there is no this traffic at this time, UE still use short DRX cycle, leading to a waste of power. In order to save UE power, Long DRX Cycle should be used more often, especially in the case of not foreseeing any data transmission with strict delay requirments. Long DRX Command MAC CE is an explicit way of indicating UE to enter Long DRX Cycle, however, it is difficult for network to adapt the C-DRX cycle dynamically to the varied traffics with different delay requirement, and it leads to signalling overhead as well. Thus, other implicit indications can also be considered to assist the selection of C-DRX cycle in order to save power effectively.
Proposal 3: RAN2 to study the enhancement of C-DRX with respect to the conditions for switching to Long DRX Cycle.
2.4 Enhancement on DRX MAC CE
The MAC CE based GTS signal has already been supported in Rel-15, i.e. the DRX command MAC CE/Long DRX command MAC CE. According to the MAC specification, these MAC CEs can indicate the UE to stop the OnDurationTimer and InactivityTimer. 
In the current specification, DRX Command MAC CE and Long DRX Command MAC CE are accompanied by the switch of DRX cycle. However, for the purpose of power saving, only stop drx-onDurationTimer and drx-InactivityTimer without triggering the switch of the DRX cycle is expected. In the following, we discuss two cases in details.

· Case of no impacts on the Short DRX cycle

According to the current specification, if the short DRX cycle is used and the gNB wants to switch the UE to the sleep state, the gNB can transmit the DRX Command MAC CE. Meanwhile, the drxShortCycleTimer should be started or restarted once the DRX Command MAC CE is received and the duration of the short DRX cycle will be lengthened. However, entering the long DRX cycle as soon as possible is expected in perspective of power saving. Hence, it is benefical that drx-onDurationTimer and drx-InactivityTimer can be stopped and the short DRX cycle is still used with no impact on the drxShortCycleTimer.
	1>
if drx-InactivityTimer expires or a DRX Command MAC CE is received:

2>
if the Short DRX cycle is configured:

3>
start or restart drx-ShortCycleTimer in the first symbol after the expiry of drx-InactivityTimer or in the first symbol after the end of DRX Command MAC CE reception;

3>
use the Short DRX Cycle.

2>
else:

3>
use the Long DRX cycle.


· Case of no impacts on the Long DRX cycle

Similarly, if the long DRX cycle is used, stopping the drx-onDurationTimer and drx-InactivityTimer and still using long DRX cycle is expected to support. If the gNB transmits the DRX Command MAC CE, the timers can be stopped but the long DRX cycle can be used continually only when the short DRX cycle is not configured. The cases are restricted. Besides, regarding the long DRX Command MAC CE, it is not clear whether the gNB can transmit it since only “stop drx-ShortCycleTimer” is captured in the spec instead of “stop drx-ShortCycleTimer, if running”. It seems like that the gNB only transmits the long DRX Command MAC CE when the short DRX cycle is being used and the drx-ShortCycleTimer is running. If the understanding mentioned above is correct, stopping the drx-onDurationTimer and drx-InactivityTimer and still using long DRX cycle is not supported, which is a useful case for power saving. So, we think RAN2 should at least make a clarification on whether the Long DRX Command MAC CE can be used to indicate the UE to stop the on duration timer and inactivity timer while keep using the long DRX cycle.

	1>
if a Long DRX Command MAC CE is received:

2>
stop drx-ShortCycleTimer;
2>
use the Long DRX cycle.


Proposal 4: RAN2 to study whether any enhancement or clarification is needed for the UE’s behaviour after receiving the DRX Command MAC CE/Long DRX Command MAC CE.
Considering different traffic patterns, sometimes the network can predict that there is no data scheduling in a short time or in a longer time. Currently, the DRX Command MAC CE/Long DRX Command MAC CE can be used to indicate the UE to stop the On duration timer and inactivity timer in the current DRX cycle (only this DRX cycle). However, if there is still no data scheduling in the next n(≥1) DRX cycle, the UE will wake up at the beginning of the On Duration time, and for UE power saving the network may send the DRX Command MAC CE/Long DRX Command MAC CE again to indicate UE to go to sleep. It is obvious that it leads to power waste and signalling overhead.  For such case, it is beneficial that the DRX Command MAC CE/Long DRX Command MAC CE can indicate the UE to skip more than one DRX cycle. Of course, to achieve this, enhancement to these MAC CEs is needed.

Proposal 5: RAN2 to discuss whether and how to use the MAC CE to indicate UE to skip the on duration of multiple DRX cycles.
2.5 Dynamic adaptation on DRX timers
In certain cases, the DRX configuration may not fit the traffic pattern, then there would occur occasions that the UE performs unnecessary PDCCH monitoring when there is actually no transmission afterwards. Apart from the typical mechanism about multiple DRX configurations which is already under discussion in RAN1’s previous meetings, another potential way to achieve adaptation can be adjusting the operation on DRX timers dynamically on the basis of UE traffic for reducing unnecessary active time. 
Take the drx-InactivityTimer which accounts for a large part of DRX active time as an example. According to the current specifications, when a UE is in active time, the UE will definitely start or re-start inactivity timer when PDCCH indicates a new data transmission, i.e. grant DCI for new transmission implicitly indicates the restarting of drx-InactivityTimer. However, if it is the last transmission or if the current remaining active time is sufficient for subsequent transmissions, then it can be beneficial to avoid restarting the drx-InactivityTimer such that the UE can go back to sleep sooner with less or no additional PDCCH-only monitoring. According to the evaluation results in [2], power saving gain of 6.7% ~ 37.5% can be achieved by this scheme.

As for the signalling to realize this mechanism, explicit DCI is a straightforward way for providing UE an indication not to restart the drx-InactivityTimer. Besides, MAC CE can also be designed or enhanced for indication.
Proposal 6: RAN2 to study the dynamic control on the restarting of drx-InactivityTimer.
3 Conclusion

In this paper we discuss the DRX enhancement for UE power saving that is independent of the power saving signal/channel. The proposals are listed as below.



   
Proposal 1: The UE is allowed to report its desired DRX parameters via the current UE Assistance Information procedure for the purpose of power saving.
Proposal 2: RAN2 to study the benefit of UE assisted C-DRX configurations selection from multiple sets of C-DRX configurations.
Proposal 3: RAN2 to study the enhancement of C-DRX with respect to the conditions for switching to Long DRX Cycle.
Proposal 4: RAN2 to study whether any enhancement or clarification is needed for the UE’s behaviour after receiving the DRX Command MAC CE/Long DRX Command MAC CE.
Proposal 5: RAN2 to discuss whether and how to use the MAC CE to indicate UE to skip the on duration of multiple DRX cycles.
Proposal 6: RAN2 to study the dynamic control on the restarting of drx-InactivityTimer.
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