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Introduction
In the SID of UE power saving in NR [1], objective 3 depends on RAN2 discussion:
	1) Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  


This contribution discusses the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE or RRC_INACTIVE mode.
Discussion
1.1. Current mechanism
In current specification, UE transits from RRC_CONNECTED to RRC_IDLE or RRC_INACTIVE mode upon reception of RRCRelease message. The transition will be performed “delay 60ms from the moment the RRCRelease message was received or optionally when lower layers indicate that the receipt of the RRCRelease message has been successfully acknowledged, whichever is earlier”.
In order to avoid the RRCRelease message is lost, which leads to UE staying in RRC_CONNECTED mode, the timer DataInactivityTimer is used. Upon the expiry of DataInactivityTimer, UE will be triggered to transit from RRC_CONNECTED mode to RRC_IDLE mode. The value range of the DataInactivityTimer is from 1s to 180s.
DataInactivityTimer ::=         ENUMERATED {s1, s2, s3, s5, s7, s10, s15, s20, s40, s50, s60, s80, s100, s120, s150, s180}
For the case that the UE enters RRC_IDLE triggered by the expiry of DataInactivityTimer, during the timer running, there is no data transmission between the UE and network, while the UE continues to monitor the PDCCH and perform measurements of RRC_CONNECTED mode. The power consumption during the period is useless.
The longer the DataInactivityTimer is set, the more the power is consumed. However, if a short value is set for the DataInactivityTimer, new data may arrive immediately when the UE goes to RRC_IDLE upon the expiry of the timer, as shown in the figure 1. For this case, the RRC setup procedure should be triggered to transit the UE from RRC_IDLE to RRC_CONNECTED mode for the new arrival data. Hence additional transmission latency and signaling consumption are introduced. 
Observation 1: The DataInactivityTimer is a compromise of the power consumption and the latency of data transmission. If the timer is set too long, more UE power will be consumed. And if the timer is set too short, RRC state transitions will be triggered for data transmission.


Figure 1 short value set for DataInactivityTimer
Considering the useless power consumption, enhanced solution for state transition from RRC_CONNECTED to RRC_IDLE or RRC_INACTIVE mode can be considered.
Proposal 1: Transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode should be enhanced to be more efficient.
1.2. Enhanced solutions
UE assistance information based mechanism
In [3][4][5][6][7], UE assistance information based mechanism is proposed. Upon UE gets the knowledge of uplink transmission is completed, the UE will send release request message or release indication message to assistant network make decision to release UE.  If the network decides to release the UE upon reception of the release request message, the network will send RRCRelease message to the UE. This option could reduce the time for UE in connected mode to reduce power consumption, if the network decides to release the UE, after it receives the UE assistant information. 
Observation 2: UE assistance information to request network to release the UE could reduce the time for UE in connected mode, if the network decides to release the UE.
Even if the option of UE assistance information can reduce the time for UE in connected mode, the UE still needs to wait for the RRCRelease message from the network. However, considering the bad channel quality case, in which the RRCRelease message is lost, the UE has to keep in normal RRC_CONNECTED state until the expiry of DataInactivityTimer if configured. In that case, there is no benefit from the solution.


Figure 2 power consumption for bad link case
Another problem is how the UE estimates the traffic transmission is completed. The criterion is difficult to define which may lead in signaling transmission frequently to resume and release the connection. For this case, there is no benefit from the solution either. On the contrary, latency and signaling overhead will be increased.


Figure 3 latency and signaling overhead for spare traffic pattern
Observation 3: For bad link case and spare traffic pattern, the gain would be less for UE assistance information based solution, and meanwhile, it may increase more latency and signaling overhead. Also it is difficult to define the criterion for UE to estimate when to request RRC release.
Considering the UE assistance information based mechanism can’t work well on bad link and spare traffic pattern, other solution should be studied.
 Timer based transition with power saving scheme
In the current specification, before the reception of RRCRelease or when the DataInactivityTimer is running, the UE stays in normal RRC_CONNECTED mode with PDCCH monitor and measurement performing without data transmission. In order to reduce the power consumption, the UE behavior with power saving signal/channel can be performed in which the UE will keep in RRC_CONNECTED with lower power consumption, comparing with the normal RRC_CONNECTED mode. In RAN2#105 meeting, it is agreed the power saving signal/channel scheme is considered jointly with DRX. The detail of UE’s behavior can be performed based on the procedure in [2].
Some preliminary principles of power saving signal/channel usage with DRX operation are captured in Section 5.1.4 (Adaptation to DRX operation) of TR38.840 [8] along with associated power saving gains in the range of 8%-50%. They are summarized as:
	The power saving scheme of power saving signal/channel triggering UE adaptation to DRX operation is to configure the power saving signal/channel before or at the beginning of the DRX ON duration to trigger UE waking up only when there is DL data arrival. UE is not required to wake up at the DRX ON at least for PDCCH monitoring, if the power saving signal is not detected. The go-to-sleep signaling is used as the indication allowing UE going back to sleep state after completion of PDSCH reception during the DRX ON period to further reduce the UE power consumption.


Before the UE goes to RRC_IDLE or RRC_INACTIVE from RRC_CONNECTED, the UE can work based on power saving scheme.
Observation 4: In order to reduce power consumption, UE can work based on power saving scheme (a scheme which has already been included in power saving WI) before UE goes to RRC_IDLE/ RRC_INACTIVE.
In order to control the transition automatically based on the traffic pattern (e.g. there is no data exchange in a time), additional timer can be introduced. When UE works in normal CONNECTED without power saving scheme, and if there is no data exchange in a time (T1), the UE can work based on the power saving scheme. Then upon the DataInactivityTimer is expiry (if the DataInactivityTimer is configured) or upon the reception of RRCRelease, the UE transits to RRC_IDLE/RRC_INACTIVE.
Taking transition to RRC_IDLE as example, the following figure shows the state transition procedure and the comparison of power consumption of state transition to RRC_IDLE between the enhanced solution and current solution combined with the configuration of DataInactivityTimer:


Figure 4 Comparison of power consumption between enhanced solution and current solution
As the figure 4 shows, the more dark of state colour is, the more power is consumed. Compared with the current solution that UE stays in normal RRC_CONNECTED state before UE goes to RRC_IDLE (the current solution), the timer based transition with power saving scheme (the enhanced solution) will reduce the useless power consumption.
Observation 5: Timer based transition with power saving scheme (before UE goes to RRC_IDLE/RRC_INACTIVE) can reduce power consumption.
Comparison
For the bad channel quality case, there is no benefit from the UE assistance information based solution, but the solution of timer based transition with power saving scheme can reduce the power consumption obviously.


Figure 5 Comparison of power consumption between two enhanced solutions for bad link case
For the sparse traffic pattern case, there is no benefit from the UE assistance based solution either, which may increase latency and signaling overhead. But the solution of timer based transition with power saving scheme can work in this scenario with the power saving and without signaling overhead, e.g. set a longer DataInactivityTimer and shorter T1 for the spare traffic pattern. 


Figure 6 Comparison of power consumption between two enhanced solutions for spare traffic pattern
Observation 6: For bad link case and spare traffic pattern cases, the timer based transition with power saving scheme will bring more benefits.
Table 1 comparison between two options
	
	Pros
	Cons

	Timer based transition with power saving scheme
	· No additional Signaling 
· Reduce power consumption before UE goes to idle/ inactive
	· Introduce additional timer

	UE assistance info to request  release mechanism
	· Reduce the time for NW to make the decision of release UE
	· Signaling overhead
· Latency
· Can’t work for bad link case
· Difficult to define the criterion for UE to estimate when to request NW to release


Proposal 2: RAN2 is asked to study the timer based transition with power saving scheme to enhance the transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode.
Conclusion
In this contribution, we propose:
Observation 1: The DataInactivityTimer is a compromise of the power consumption and the latency of data transmission. If the timer is set too long, more UE power will be consumed. And if the timer is set too short, RRC state transitions will be triggered for data transmission.
Observation 2: UE assistance information to request network to release the UE could reduce the time for UE in connected mode, if the network decides to release the UE.
Observation 3: For bad link case and spare traffic pattern, the gain would be less for UE assistance information based solution, and meanwhile, it may increase more latency and signaling overhead. Also it is difficult to define the criterion for UE to estimate when to request RRC release.
Observation 4: In order to reduce power consumption, UE can work based on power saving scheme (a scheme which has already been included in power saving WI) before UE goes to RRC_IDLE/ RRC_INACTIVE.
Observation 5: Timer based transition with power saving scheme (before UE goes to RRC_IDLE/RRC_INACTIVE) can reduce power consumption.
Observation 6: For bad link case and spare traffic pattern cases, the timer based transition with power saving scheme will bring more benefits.
Proposal 1: Transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode should be enhanced to be more efficient.
[bookmark: _GoBack]Proposal 2: RAN2 is asked to study the timer based transition with power saving scheme to enhance the transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode.
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