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1. Introduction

A new SI “FS_MTCe_RAN” was agreed in the recent RAN plenary meeting on machine-type communications REL12 [1]. It aims to enhance the ability of the RAN to handle MTC traffic, especially to treat potential RAN impacts for the building block WIDs on Small Data and Device Triggering Enhancements (SDDTE) and UE Power Consumptions Optimizations (UEPCOP) of SA2. 
Based on current SA2 outputs in [2], several solutions are provided for MTC devices to save power when there are longer periods of inactivity. In this contribution, we analyze their effect from the RAN point of view and provide comparisons. 
Based on the comparison results, we further analyze the activities of MTC devices for low mobility use cases e.g. vendor machine, smart metering and city automation and provide solutions to save power of UE in RRC idle mode.
2. Discussion
2.1 SA2 options for power saving state
· Solutions of section 7.1.3.3 of TR 23.887
An updated ECM model is described in section 7.1.3.3, to shorten the reachable time of MTC devices in idle mode. MTC devices can be configured to change to a power saving state from the idle mode after an active timer expires. In the power saving state, all cell/RAT/PLMN selection, paging and MM procedures are stopped. All NAS timers are still take effect. 
As illustrated in Figure 1, the new ECM model takes the effect of a longer paging cycle which equals to the periodic updating timer. And the actual length or duration of the active timer determines the timer period the MTC device can be paged.
Note: In Figure 1, the ECM-CONNECTED state to accomplish the periodic updating procedure is not shown for simplicity.
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Figure 1: Effect of the new ECM model in section 7.1.3.3 of 23.877
However this solution does not as same as the longer DRX cycle and has its own benefits as below:
1) The default value of periodic updating timer in LTE is 54min. And SA2 has considered applying a longer periodic updating timer for MTC. No matter what value will be agreed for a longer DRX cycle by RAN2, it is probably still in the second level.
2) The active timer can be activated and deactivated. Then the power saving can be timely changed due to UE’s requirements or the application situation. From the SA2 point of view, it is more flexible.
3) During each period of active timer, it could include one or more paging cycles, which is enough for the UEs to detect DL data. The ECM model can work with both longer DRX cycle and normal DRX cycle.
4) For the longer DRX cycle solution, UE performs the measurement for cell/RAT/PLMN reselection. However, measurement and reselection are stopped in the ECM-DORMANT state.
While UE is in ECM-Dormant state, UE does not perform all the functions associated with RRC-Idle state and hence this can be equivalent to a “new” RRC-Idle state.  

We recommend RAN2 to discuss the UE’s RRC idle mode based on the solution in section 7.1.3.3 of TR 23.877.
Proposal 1: Discuss the more power saving RRC idle mode based on the solution in section 7.1.3.3 of TR 23.877.
2.2 Common features analysis for low mobility MTC UEs
Specific service requirement categories are defined in [3]. In this document we focus on the low mobility MTC devices which maybe widely spread and would benefit from MTC application over mobile networks, e.g. vendor machines, smart metering and city automation devices. While these types of MTC devices are quite more suitable for the new RAN dormant state, it can also be used for other devices. The features of the low mobility use cases are listed in below table. 

Table 1: Features of MTC devices in low mobility use cases
	Item
	Feature Description

	Position
	Widely spread (possible in certain area) with fixed position

	Mobility 
	No mobility or low mobility

	Data transmission method
	Most of the data transmission comes from the UL data transmission and low data rate, e.g. one time per day;

Possible of DL data transmission for configuration update

	Data transmission time
	Possible pre-configured by the operator;
Could be time-controlled for UL transmission;

	Power
	Low power consumption is required

	…
	…


2.3 Device activities analysis

Among all the features above, we can see that it does not need mobility relevant procedures for these use cases, e.g. cell update, handover and etc. And furthermore, it does not need measurement and cell reselection procedure with the same accuracy as mobile terminals. Additionally, as MTC devices transmit low amount of data in the UL probably in fixed time and delay tolerant, the devices can be inactive in most of the time when they do not have data to transmit. In this inactive period, SIB monitoring is considered not necessary, which is defined as one of the tasks for UEs in normal idle state. SIB for MTC device can be acquired just before network access (FFS). Therefore, we propose to introduce a new idle state in RRC_IDLE state to avoid these procedures to save power.

Based on above analysis, it is concluded that UE activities defined in current RRC_IDLE states [5]

 REF _Ref351969549 \r \h 
[6] can be relaxed for the discussed use cases, and therefore save unnecessary signaling processing and on battery life.
Paging monitoring is stopped as defined by SA2 in the new ECM state [2]. Similarly, there is no paging monitoring in the new RRC_IDLE state. Although loss of paging is a serious problem from the RAN perspective, we think it is SA2’s responsibility to activate the active timer for selected proper MTC devices based on UE’s preference. 
Proposal 2: Optimize the current UE activities defined in RRC_IDLE state to allow dormant MTC devices, which include the following aspects:

· No measurement and periodical cell reselection
· No mobility relevant procedure
· No SIB monitoring
· No paging monitoring
3. Solution analysis

For UEs with an activated active timer, the RRC_IDLE state and state transitions are shown in Figure 1. The RRC_CONNECTED mode for UMTS indicates the CELL_FACH or CELL_DCH.
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Figure 1: States and states transition in IDLE Mode for discussed MTC devices

Although the UE is low mobility, UE could move during the time period in the Camped dormant state. To avoid UE in a wrong cell or LA/RA/TA for a certain period of time when coming back to the Camped normally state from the Camped dormant state, it is proposed that the UE performs the necessary measurement and cell reselection before the UE initiates the periodic LAU/RAU/TAU or UL transmission. Otherwise, UE may not receive paging messages properly until the success of event-triggered LAU/RAU/TAU procedure in the Camped normally state, which will introduce extra delay for the UE to correctly receive the paging message and make the periodic LAU/RAU/TAU be as waste of time.
As illustrated in Figure 1, new tasks for RRC_IDLE mode UEs are defined as below.
3.1 Camped normally state 

When camped normally, the UE can perform the following tasks:
· Select and monitor paging channel for a time period defined by an active timer, when the timer expires it enters into the Camped dormant state for power saving; 
· Each time that an UE comes back to the Camped normally state from Camped dormant state it could.

· read SIB; 

· perform necessary measurements for the cell reselection evaluation procedure; 

· perform cell reselection procedure to select the best cell; and then
· transfer to the Connected mode for UL data transmission or periodic LAU/RAU/TAU as required
3.2 Camped dormant state 

When in the camped dormant state, the UE shall be able to perform the following tasks:
· State transfer from Camped dormant to Camped normally could be triggered by
· Periodic LAU/ RAU/TAU timer expires
· UL data transmission;

· other triggers are FFS;

· Power off from Camped dormant state for further power saving is FFS;
Propose 3: To introduce a new Camped dormant state for UEs.
5. Conclusion

Based on the analysis in this contribution, it is concluded that some existing features are not necessary for the MTC devices especially in the low mobility use cases e.g. vendor machine, smart metering and city automation, in RRC_IDLE state. The proposals are listed below. 

Proposal 1: Discuss the more power saving RRC idle mode based on the solution in section 7.1.3.3 of TR 23.877.
Proposal 2: Optimize the current UE activities defined in RRC_IDLE state to allow dormant MTC devices, which include the following aspects:

· No measurement and periodically cell reselection
· No mobility relevant procedure
· No SIB monitoring
· No paging monitoring
Proposal 3: To introduce a new Camped dormant state for UEs with an activated active timer.
We kindly ask RAN2 to discuss the problem and consider the above proposals. It is proposed that the following texts be added to TR 37.869 based on the above analysis.
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******************************** Start of Change *********************************

7.4
Power Saving State 

7.4.1
Solution 4a: New Dormant State 

NOTE:
This solution is described in TR23.887v0.9.0, section 7.1.3.3 “Power Saving State for Devices”
This solution allows the UE to move to a new power saving “Dormant State”, after an active time period starting when the UE changes to idle state. In the new state all AS functionalities stop, the UE is not reachable for DL data transmission and the UE only wakes up - going back to idle state - when it has UL data pending or when it needs to perform a tracking area update.
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Figure 7.4.1-1: New ECM state model in the UE

7.4.1.1
RAN aspects

Editor’s Note:  RAN aspects of the solution and any related RAN enhancements and evaluations should be captured here.
For UEs with an activated active timer allocated by the MME, the current UE activities defined in RRC_IDLE state can be optimized to allow dormant MTC devices, which include the following aspects:
· No measurement and periodical cell reselection
· No mobility relevant procedure
· No SIB monitoring
· No paging monitoring
The RRC_IDLE state and state transitions are shown in Figure 7.x.1.1-1. The RRC_CONNECTED mode for UMTS indicates the CELL_FACH or CELL_DCH.
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Figure 7.4.1.1-1: States and states transition in IDLE Mode for discussed MTC devices
Although the UE is low mobility, UE could move during the time period in the Camped dormant state. To avoid UE in a wrong cell or LA/RA/TA for a certain period of time when coming back to the Camped normally state from the Camped dormant state, it is proposed that the UE performs the necessary measurement and cell reselection before the UE initiates the periodic LAU/RAU/TAU or UL transmission. Otherwise, UE may not receive paging messages properly until the success of event-triggered LAU/RAU/TAU procedure in the Camped normally state, which will introduce extra delay for the UE to correctly receive the paging message and make the periodic LAU/RAU/TAU be as waste of time.

As illustrated in Figure 7.4.1.1-1, new tasks for RRC_IDLE mode UEs are defined as below.

Camped normally state 
When camped normally, the UE can perform the following tasks:

· Select and monitor paging channel for a time period defined by an active timer, when the timer expires it enters into the Camped dormant state for power saving; 
· Each time that an UE comes back to the Camped normally state from Camped dormant state it could.
· read SIB; 
· perform necessary measurements for the cell reselection evaluation procedure; 
· perform cell reselection procedure to select the best cell; and then
· transfer to the Connected mode for UL data transmission or periodic LAU/RAU/TAU as required
Camped dormant state 
When in the camped dormant state, the UE shall be able to perform the following tasks:
· State transfer from Camped dormant to Camped normally could be triggered by
· Periodic LAU/ RAU/TAU timer expires
· UL data transmission;
· other triggers are FFS;
· Power off from Camped dormant state for further power saving is FFS;
******************************** End of Change *********************************
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