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1 Introduction
The energy efficiency is a key performance requirement of NR from the perspectives of both gNB and UE [1], we should carefully investigate the overall NR procedures/signalling design considering energy efficiency from the initial stage. 
In addition to the RAN NR requirements [1], the NGMN 5G white paper [2] and TR 22.891 (SMARTER) [3] have claimed that energy efficiency (bit/J) of 5G needs to be enhanced by 1000s times in the next 10 years. To fulfil 5G energy efficiency requirement, even if triple spectral efficacy and 25 times bandwidth increase are assumed, further improvement of energy efficiency is needed. Although energy efficiency has been an important KPI in conventional cellular systems, features being considered for 5G RAT (e.g. enhanced Tx/Rx beamforming) present new challenges in providing enhanced level of energy efficiency [4].

This contribution discusses the needs of UE Assistance Information which has impacts on energy efficiency and what needs to be improved using further information from UE side.
2 Discussion 
In general, shorter inactivity-timer supposed to be more energy efficient for UE. However, there is trade-off relationship between UE energy consumption and control signalling overhead/latency depending on the value of inactivity-timer. For instance, the shorter inactivity-timer leads to early transition to IDLE state and can reduce UE energy consumption. However, after UE transitions to RRC IDLE state, if a new traffic is arrived shortly after; it causes heavy CN control signalling overhead which causes packet delay and extra UE energy consumption for transition to connected state.  In a nutshell, with short inactivity timer, UE can transit to RRC IDLE state earlier but with a risk of increased CN control signalling.
In legacy LTE, for the RRC connection procedure, CN signalling was the dominant delay component comparing to RAN control singling. Owing to INACTIVE state in NR or Light RRC connection in LTE release 14, which keeps the UE context even in RRC LC/INACTIVE and maintains S1 connection, CN control signalling overhead between eNB and MME including S1-AP NAS Service Request and S1-AP Initial Context Setup Request and related latency can be eliminated. And thus early RRC release (suspend, operating short UE inactivity timer) can be more beneficial comparing to legacy LTE [5]. 

However, the number of RRC state transitions between INACTIVE and ACTIVE can be reduced but still can cause some control signalling and latency. Therefore, network needs to be informed of the UE’s information in advance including power saving preference and the required latency.
UE Assistance Information in LTE
The purpose of UE Assistance Information is to inform network of the UE’s power saving preference. Upon configuring the UE to provide power preference indications or not E-UTRAN may consider that the UE does not prefer a configuration primarily optimized for power saving until the UE explicitly indicates otherwise. If the UE prefers a configuration primarily optimised for power saving, and then set Power Preference Indication to lowPowerConsumption. Otherwise, set Power Preference Indication to normal.
A UE capable of providing power preference indications in RRC_CONNECTED may initiate the procedure in several cases including upon being configured to provide power preference indications and upon change of power preference. For instance, a case that current power preference is different from the one indicated in the last transmission of the UE Assistance Information message and timer T340 is not running can be possible. T340 is a Timer important to prohibit too frequent report of Power Preference Indication. The T340 timer is started upon transmitting UE Assistance Information message with Power Preference Indication set to normal and reset upon initiating the connection re-establishment procedure. 
Proposal 1: To enhance energy efficiency, UE Assistance Information with Power Preference Indication in LTE can be used as a baseline for NR.
Legacy UE assistance information can initiate RRC state transition triggered by UE. However, it is an optional feature and UE just reports 1 bit configured lowPowerConsumption or normal. This report is highly depending on the UE implementation set by upper layer and thus network is blind and just results are shown. As NW understands the UE feedback more, it is likely to adapt RRC state transition and/or C-DRX parameter configurations for energy efficiency.
Further Information from UE side
User device has been developed to be more intelligent, and is not just a phone but as a computing device as laptop with AP/OS using lots of applications. To distinguish the required latency from UE perspective, UE can report additional information from UE side.
As exemplary inputs from UE side are as below; 

· UE residual battery status : which can be decided based on whether remaining battery level is higher or lower than pre-defined threshold. 

· Device status i.e., device IDLE or device ACTIVE (not RRC or core network perspective): if UE is in device IDLE, the generated data must be a keep-alive traffic which does not affect UE latency requirement directly.
· Power saving status in OS not in modem: if UE is using power saving mode in OS, then the generated data must be a keep-alive traffic which does not affect UE latency requirement directly.
Proposal 2: RAN2 needs to discuss the further information from UE for energy efficiency enhancement in NR.
3 Conclusion

Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposal:
Proposal 1: To enhance energy efficiency, UE Assistance Information with Power Preference Indication in LTE can be used as a baseline for NR.

Proposal 2: RAN2 needs to discuss the further information from UE for energy efficiency enhancement in NR.
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Example TP (ASN.1 and procedures)
UEAssistanceInformation message
-- ASN1START

UEAssistanceInformation-r11 ::=



SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {




ueAssistanceInformation-r11


UEAssistanceInformation-r11-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UEAssistanceInformation-r11-IEs ::=

SEQUENCE {


powerPrefIndication-r11



ENUMERATED
{normal, lowPowerConsumption}
OPTIONAL,

lateNonCriticalExtension


OCTET STRING








OPTIONAL,


nonCriticalExtension



UEAssistanceInformation-v1430-IEs


OPTIONAL

}

	UEAssistanceInformation field descriptions

	powerPrefIndication

Value lowPowerConsumption indicates the UE prefers a configuration that is primarily optimised for power saving. Otherwise the value is set to normal.


<Contents are omitted>
OtherConfig information element
-- ASN1START

OtherConfig ::= SEQUENCE
{


powerPrefIndicationConfig
SetupRelease {PowerPrefIndicationConfig}
OPTIONAL,
-- Need M
...
}

PowerPrefIndicationConfig ::= 



powerPrefIndicationTimer

ENUMERATED {s0, s0dot5, s1, s2, s5, s10, s20, 












s30, s60, s90, s120, s300, s600, spare3, 












spare2, spare1}


}

	OtherConfig field descriptions

	powerPrefIndicationTimer

Prohibit timer for Power Preference Indication reporting. Value in seconds. Value s0 means prohibit timer is set to 0 second, value s0dot5 means prohibit timer is set to 0.5 second, value s1 means prohibit timer is set to 1 second and so on.


<Contents are omitted>

7.1.1
Timers (Informative)

	Timer
	Start
	Stop
	At expiry

	T304
	Reception of RRCReconfiguration message including reconfigurationWithSync
	Successful completion of random access on the corresponding  SpCell

For T304 of SCG, upon SCG release
	For T304 of SCG, inform network about the reconfiguration with sync failure by initiating the SCG failure information procedure as specified in 5.7.3.



	T310


	Upon detecting physical layer problems for the SpCell i.e. upon receiving N310 consecutive out-of-sync indications from lower layers.
	Upon receiving N311 consecutive in-sync indications from lower layers for the SpCell, upon receiving RRCReconfiguration with reconfigurationWithSync for that cell group, and upon initiating the connection re-establishment procedure.

Upon SCG release, if the T310 is kept in SCG.


	If the T310 is kept in MCG: If security is not activated: go to RRC_IDLE else: initiate the connection re-establishment procedure. 

If the T310 is kept in SCG, Inform E-UTRAN/NR about the SCG radio link failure by initiating the SCG failure information procedure as specified in 5.7.3.

	T311


	Upon initiating the RRC connection re-establishment procedure
	Selection of a suitable NR cell or a cell using another RAT.
	Enter RRC_IDLE

	T340


	Upon transmitting UEAssistanceInformation message with powerPrefIndication set to normal
	Upon initiating the connection re-establishment procedure
	No action.


<Contents are omitted>

5.3.5.9
Other configuration

Editor’s Note: Targeted for completion in June 2018.
1>
if the received otherConfig includes the powerPrefIndicationConfig:

2>
if powerPrefIndicationConfig is set to setup:

3>
consider itself to be configured to provide power preference indications;

2>
else:

3>
consider itself not to be configured to provide power preference indications; 

<Contents are omitted>

5.6.10
UE Assistance Information

1>
if configured to provide power preference indications:

2>
if the UE did not transmit a UEAssistanceInformation message with powerPrefIndication since it was configured to provide power preference indications; or

2>
if the current power preference is different from the one indicated in the last transmission of the UEAssistanceInformation message and timer T340 is not running:

3>
initiate transmission of the UEAssistanceInformation message;
1

