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1 Introduction
RAN#71 in March approved a 5G SID [1], whose initial aspect for RAN2 is to study/agree on the radio protocol architecture and procedures. Since energy efficiency is a key performance requirement of 5G from the perspectives of both eNB and UE [2], we should carefully investigate the overall 5G procedures/signalling design considering energy efficiency from the initial stage. 
This contribution aims to identify the relationship between UE energy consumption and UE inactivity timer and the possibility of UE side energy efficiency enhancement in the new RRC state, RRC CONNECTED_INACTIVE.

2 Discussion 
2.1 Legacy RRC state transition with heavy network signalling load
In legacy LTE, RRC changes its state between connected and idle. If there is no data, UE stays RRC idle state which is the most energy efficient state where the UE would switch off its transceiver except periodic paging reception. Also, the UE stays in the idle state searching for network when it is powered on or goes out of service. On the other hands, the connected state is quite energy consuming state as the UE needs to monitor link quality of serving and neighbour cells continuously, and provide status information of radio link periodically.

When a usage pattern of a user is given, the UE energy efficiency largely depends on the time duration for which the UE stays in the connected state and the idle state. The ratio of the time spent in the connected state and the idle state changes depending on a number of key radio parameters such as UE inactivity timer and paging DRX cycle. This contribution focused on the effect of UE inactivity timer to the total UE battery consumption in both of legacy and new RRC states.

Trade-off between energy efficiency and network signalling load/latency
The UE transitions to the idle state more frequently with a shorter UE inactivity timer for a given traffic pattern. This may help enhancing UE battery life. However, if a new packet arrives shortly after the UE transitions to the idle state, CN needs to page the UE with a number of CN and radio signallings, causing extra service latency to transition to the connected state. I.e., the length of UE inactivity timer has trade-off between UE energy consumption and latency/CN control signalling overhead.
We analysed the trade-off relationship between energy consumption of UE and network control signalling load with a number of UE Inactivity timer configurations. As shown in Figure 1, the traffic used in the analysis is full HD 1080p video streaming from YouTube servers, and the UE energy consumption is measured at the Galaxy S7 attached to a LTE-A network. During the video clip is played, the display of the UE is turned on, thus the energy consumption of the communication modem occupies relatively small portion of the total UE energy consumption. But there are many other traffic patterns such as keep-alive packets and background synchronization that mainly rely on communication modem while keeping power consumption of other components minimum. Therefore, the energy consumption analysis assuming YouTube streaming can be the worst case, the lower bound of real performance gain.
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Figure 1: Full HD 1080p YouTube streaming measured at Galaxy S7 attached to LTE-A network
The total observation time duration is 675 sec (10 min 15 sec) and file size is 123.990 KB. Using Wireshark program, traffic pattern is analysed as large data transmission period, small data transmission period, C-DRX and idle, and their ratios to the total observation time are 5%, 1%, 61% and 33% respectively. Base on UE Inactivity Timer {10 sec, 2 sec, 1 sec}, the duration of each period is changed. For instance, the duration of idle state is increased but C-DRX duration is decreased with shorter UE inactivity timer {2 sec, 1 sec} comparing to conventional value of 10 sec as shown in Figure 2.
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Figure 2: Time duration of UE states with inactivity timer {10 sec, 2 sec, 1 sec}. The duration of RRC idle state is increasing but C-DRX duration is decreasing with shorter UE Inactivity Timer.

As the UE stays more in the idle state, the UE can lower total power consumption with shorter user inactivity timer as shown Figure 3. For this analysis, energy consumption model similar as the one used for C-IoT/NB-IoT battery life analysis is used with average UE current levels in large data transmission period, small data transmission period, C-DRX and idle period measured at the Galaxy S7. For device total (including power consumption of display), current levels are 920 mA for Burst period (of YouTube streaming), 350 mA for C-DRX period and 230 mA for idle period. For modem only (without power consumption of other components), the current levels are 300 mA for standby state (Data Tx/Rx), 85 mA for C-DRX period, and 6.5 mA for idle period.

When only energy consumption of modem is considered, the gain of energy consumption is enhanced with 43%, 54% with shorter UE Inactivity timer {2 sec, 1 sec} comparing to the conventional 10 sec setting. If energy consumption of total UE including display with YouTube video playing, the gain of energy consumption is reduced as14%, 17% for UE Inactivity timer {2 sec, 1 sec} respectively.
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Figure 3: Gain in current consumption with shorter UE Inactivity timer {2 sec, 1 sec} for modem only and total UE.

Figure 4 shows the number of CN (S1+X2) signalling exchanged during the YouTube video streaming with the selected user inactivity timer value and UE mobility speed. For the performance analysis, we assume hexagonal cell deployment with 3 sectors. The size of TA (Tracking Area) is 19 eNBs and a paging is assumed to be sent to all the cells in the TA. It is observed that the CN signalling load is increasing with UE speed increase and UE Inactivity timer decrease.
	Total X2+S1 signaling
	Inactivity Timer (s)

	
	1
	2
	10

	UE Speed
	3 km/h
	2312 
	1649 
	175 

	
	30 km/h
	2439 
	1813 
	447 

	
	60 km/h
	2581 
	1995 
	749 

	
	90 km/h
	2723 
	2177 
	1051 
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Figure 4: The number of CN (S1+X2) signallings. The signalling overhead is increasing with UE speed increase and UE inactivity timer decrease.
The trade-off relationship between UE energy consumption and CN control signalling overhead depending on the value of UE Inactivity timer is clearly observed in previous 2 analyses. For instance, the shorter UE inactivity timer leads to earlier transition to the idle state and can reduce UE energy consumption. However, if next packet burst arrives shortly after the UE inactivity time, it causes additional signallings to page the UE.
Observation 1: With shorter inactivity timer, UE can transition to RRC idle state earlier but with a risk of increased CN control signalling.
2.2 New RRC state transition with low network signalling load
Based on RAN2#94 agreements [3], it seems likely that NR will have 3 RRC states: RRC idle, connected_active, and connected_inactive. The two NR RRC states, idle and connected_active, are similar to legacy LTE idle and connected. The NR RRC connected_inactive is a new RRC state with its origin from URA_PCH or other similar states in UMTS. 
RAN2#94 reached agreement on the characteristics of the new RAN controlled “state” as followings:

· UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state.
· The new state is able to start data transfer with low delay (as required by RAN requirements). 

The following potential characteristics of the RAN controlled “state” such as whether the CN/RAN connection is maintained, AS context stored in RAN, Network knows the UE's location within an area and UE performs mobility within that area without notifying the network, RAN can trigger paging of UEs which are in the RAN controlled inactive state and no dedicated resources are FFS. 
If the new state has similar characteristics with UMTS URA_PCH, the number of CN signallings to page a UE is expected to be reduced as the CN connection may be maintained and AS context may be stored in RAN. In this section, the CN signalling overhead changes are analysed when UE inactivity timer shorter than the conventional setting is introduced.
In this analysis, we assume the RRC state transition only between connected_active and connected_inactive, and UE does not stay in the idle state after the initial RRC connection establishment. The RRC state transition from connected_active to connected_inactive is triggered by expiry of UE inactivity timer. And reception of a paging message (caused by DL traffic of YouTube streaming) makes the UE transition from connected_inactive to connected_active. For the performance analysis, we assume the size of PA (Paging Area) for the new state is reduced to 1 eNBs. Since NR network architecture is not known yet, we assume the same one as for LTE with corresponding signalling diagrams shown in Appendix 3. 
Figure 5 shows the number of CN (S1+X2) signallings according to UE inactivity timer and UE mobility with the new RRC connected_inactive state. It is observed that the number of CN signallings increases slightly with UE speed increase and UE inactivity timer decrease. However, comparing to the signalling load in the legacy states as shown in Figure 4, the CN control signalling increase can be minimized with the new RRC state, RRC connected_inactive, even with short UE inactivity timer owing to the maintained CN connection.
	Total X2+S1 signaling
	Inactivity Timer (s)

	
	1
	2
	10

	UE 
Speed
	3 km/h
	141 
	109 
	41 

	
	30 km/h
	560 
	484 
	349 

	
	60 km/h
	993 
	876 
	677 

	
	90 km/h
	1373 
	1212 
	998 
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Figure 5: The increase of network control signalling load. The load change can be minimized with new RRC state, RRC connected_inactive.

Observation 2: If new RRC state, RRC connected_inactive is introduced, the CN control signalling increase can be minimized even with short UE inactivity timer.

The reduced UE inactivity timer may have impact on C-Plane latency. In the legacy RRC state transition from RRC idle to connected state, CN signallings can be the dominant delay component comparing to RAN control signallings for radio connection setup. If the new RRC state, RRC connected_inactive, is introduced, the latency from RRC state transition can be reduced as S1 is always connected, and thus the S1 signallings between eNB and MME including S1-AP NAS Service Request and S1-AP Initial Context Setup Request and related latency can be removed. Therefore, NR can use shorter UE Inactivity timer with lower CN control signalling load and reduced delay from RRC state transitions if connected_inactive state is introduced. 
Proposal 1: Considering the new RRC state, connected_inactive which reduces the network control signallings, NR can minimize the duration of RRC connected_active for enhanced UE energy efficiency. 

3 Conclusion

Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposal:

Observation 1: With shorter inactivity timer, UE can transition to RRC idle state earlier but with a risk of increased CN control signalling.
Observation 2: If new RRC state, RRC connected_inactive is introduced, the CN control signalling increase can be minimized even with short UE inactivity timer.

Proposal 1: Considering the new RRC state, connected_inactive which reduces the network control signallings, NR can minimize the duration of RRC connected_active for enhanced UE energy efficiency. 
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Appendix 1: environments for performance analysis
	Environment
	Considered Value

	Cell Deployment
	Hexagonal Cell Deployment with 3 sectors

	ISD
	200m

	UE mobility
	Random direction starting from the center 

	Traffic Model
	Full HD 1080p YouTube streaming measured at LTE-A at Galaxy S7

	Tracking Area
	19 eNBs

	LTE power models
	Based on [5]


Appendix 2: Interarrival time histogram with Full HD 1080p YouTube streaming measured at LTE-A at Galaxy S7
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Appendix 3: considered exemplary signal flow
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Figure A1: Set of exemplary signalling messages for the MT calls
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Figure A2: Exemplary signalling messages for the paging area change
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