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1 Introduction
For UEPCOP, there is one solution named “power saving state for devices”, as described in section 7.1.3.3 of TR 23.887. In this contribution, we will analyze the potential impacts to AS layer caused by this solution. We will also evaluate the power consumption gain that UE could achieve with this solution, and make a comparison with that of the extended DRX cycle solution.
2 Impact analysis of solution “power saving state for devices”
2.1 General description of the solution
Figure 1 is the diagram of this solution from AS perspective. 
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Figure 1: Power saving state for devices
This solution allows the UE to move to a power saving state, after an active time period starting when the UE transits to idle state. During the power saving state, the UE remains attached and also all active PDP/PDN connections remain established on UE and network side. The UE stops performing any AS (cell/RAT/PLMN selection) and NAS (MM) procedures. The UE is reachable for DL data during the time that the UE is in RRC/S1 connected state plus the active time period during which the UE is reachable for paging. The UE wakes up - going back to idle state - when it has UL data pending or when it needs to perform periodic registration (RAU and TAU) procedures.
2.2 UE modeling and AS layer impacts
The UE modeling, i.e. interaction between NAS layer and AS layer, is illustrated in Figure 2. The active timer is implemented by NAS layer, and AS layer procedures for the support of “power saving state” are driven by NAS layer. More precisely, NAS layer starts an active timer after the transition to ECM_IDLE state. After the expiry of the active timer, NAS layer deactivates AS layer. When UE needs to perform periodic TAU procedure or MO communication, NAS layer activates AS layer again. 
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Figure 2: Interaction between NAS layer and AS layer
For AS layer, once it is deactivated by NAS layer, it should stop performing any functions, i.e. paging monitoring, SIB acquisition, measurement and cell (re-) selection. Once it is activated by NAS layer again, it should perform cell selection and SIB acquisition before uplink transmission.
No new RRC state is required for the support of “power saving state”. In order to clearly specify the UE behaviors, a new sub-state “camped power saving” (or “camped dormant”) could be introduced, and the updated states and state transitions in RRC_IDLE is illustrated in Figure 3. The words and lines in red are the modifications on the current transition flow (i.e. Figure 5.2.2-1 in TS 36.304, note only part of the Figure is shown here). It could be observed that the potential impact to AS layer is minor.
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Figure 3: Updated states and state transitions in RRC_IDLE
Observation 1: For solution “power saving state”, the potential impacts to AS layer is minor.
3 Power consumption gain of solution “power saving state for devices”
In this section, we will evaluate the power consumption gain for the “power saving state” solution, and make a comparison with the gain achieved by the extended DRX cycle solution. 

3.1 Simulation assumptions and methodology
In the evaluation, we will adopt the same assumptions as that described in [3], the assumptions are also listed in Annex A.1&A.2 for the purpose of convenience. The UE power consumption for one communication session that got in [3] is reused here as one component, as listed in Annex A.3. For the “power saving state” solution, the periodic TAU timer is 54min (the default value in the current specification), and the active timer is 1min. During the period of active timer, the paging cycle is 640ms. 
For the sake of simplicity, the transmission/reception of TAU relevant NAS/AS signalings are not modeled in the simulation, but the periodic TAU timer will still start/stop when criteria are met. In addition, the measurement procedure is not modeled. The simplification on TAU procedure and measurement procedure modeling will not impact the relative scale between the “power saving state” solution and the extended DRX cycle solution in terms of power consumption gain, because anyway UE needs to perform TAU procedure and measurement procedure for both of the two solutions. Actually, with the extended DRX cycle solution, UE measurement will be more frequent comparing to that with the “power saving state” solution, because for the extended DRX cycle solution UE needs to perform measurement during each DRX cycle, however, for the “power saving state” solution, measurement is stopped in the power saving state and is only performed during the period of active timer and before the uplink transmission.
3.2 Simulation result
Figure 4 show the UE power consumption for the “power saving state” solution. The UE power consumption for the extended DRX cycle solution for the best case (i.e. no system information acquisition and cell (re-)selection before each paging occasion and uplink transmission) is also shown in the same Figure for the purpose of comparison. For the extended DRX cycle solution, the DRX cycle length of 10.24s, 40.96s and 327.68s are adopted here. It is not need to consider further longer DRX cycles, because according to the analysis in [3] no further power consumption gain could be achieved even if the DRX cycle is further increased, i.e. the power consumption gain is saturated to 56%. The packet inter-arrival time of 30min and 60min are adopted here, because those are the packet inter-arrival times with which the extended DRX cycle solution could achieve the maximum power consumption gain.
The current maximum DRX cycle length of 2.56s is the reference value, and the power consumption values for different extended DRX cycles as well for the “power saving state” solution are all relative to the reference value.
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Figure 4: UE power consumption for “power saving state” solution

It is observed that significant power consumption gain could be achieved for the “power saving state” solution, i.e. more than 90%. The power consumption gain is quite bigger than that of the extended DRX cycle solution. The reason is that UE will stop the paging monitoring once it enters into the “power saving state”. Comparing to the extended DRX cycle solution, UE has longer period of inactivity.
In the simulation, for the “power saving state” solution, we assumes a warm-up and cell synchronization time of 34ms before each paging occasion during the active time. In reality, a lower value is expected since the paging cycle during the active time is only 640ms, and more power consumption gain could be achieved. Further, if UE are configured with a longer periodic TAU timer (i.e. >54min) and a shorter active timer (i.e. < 1 min), more power consumption gain are also expected.
Observation 2: Solution “power saving state” could achieve 90% power consumption gain comparing to the baseline (i.e. DRX cycle=2.56s). The power consumption gain will be even bigger if a longer periodic TAU timer and a shorter active timer are adopted.
Observation 3: For solution “power saving state”, significant power consumption gain could be achieved comparing to that of the extended DRX cycle solution.
4 Advantages of solution “power saving state for devices”
Solution “power saving state” has several advantages compared to extended DRX cycle solution.

Comparing to the extended DRX cycle solution, UE could save more power with the “power saving state” solution due to longer period of inactivity (the quantitative analysis is in section 3). The “power saving state” solution is quite suitable for sensor type of MTC devices, because for sensors most of the traffics come from the UL direction and the traffics are highly infrequent (e.g. once per hour or even longer) and delay tolerant. Actually, the main motivation for UEPCOP is to address sensors that run on battery, for which it is a major cost to on site exchange (or charge) the batteries and the battery lifetime may even determine their lifetime.

For the extended DRX cycle solution, there is a potential robustness issue for paging reception. This is because when extended DRX cycle is configured, if UE misses the paging in one paging occasion, then it has to wait for a long time before it has chance to receive the paging again in the next paging occasion. For the “power saving state” solution, this is not an issue anymore. During each period of active timer before UE transits to the “power saving state”, several normal paging cycles could be included which are enough for UE to reliably and timely receive the paging.
With the “power saving state” solution, downlink reachability handling could be easily accomplished. The Service Capability Server (i.e. MTC server) could register its ID with HSS, for getting notified when UE becomes reachable. When the UE leave power saving state and becomes available (e.g. because of TAU), the HSS gets alerted by the MME and then informs the Service Capability Server, and the Service Capability Server can then send the downlink data to the UE. The reachable window (i.e. the active timer) is several tenth of seconds or 1min, which is long enough for the notification procedure. However, for the extended DRX cycle solution, this is not the case anymore, because UE only has a very short reachable window (i.e. one PO, 1ms). The Service Capability Server has no knowledge about when the UE is reachable and can only attempt to send downlink data to the UE, as a consequence, the Service Capability Server might not able to get any response from the UE and network resources might be unnecessarily wasted. In [2], it has been analyzed for the extended DRX solution UE might suffer from the “TCP issue”, where if the DRX cycle is extended the TCP connection establishment might be failed.
Observation 4: Comparing to the extended DRX cycle solution, solution “power saving state” has no paging robustness issue and downlink reachability issue.
5 Conclusion

In this contribution, we first analyzed the potential impacts to AS layer caused by the solution “power saving state”, and we had the following observation:
Observation 1: For solution “power saving state”, the potential impacts to AS layer is minor.
W also analyzed the UE power consumption gain brought by the solution “power saving state”, and we had the following observations:
Observation 2: Solution “power saving state” could achieve 90% power consumption gain comparing to the baseline (i.e. DRX cycle=2.56s). The power consumption gain will be even bigger if a longer periodic TAU timer and a shorter active timer are adopted.
Observation 3: For solution “power saving state”, significant power consumption gain could be achieved comparing to that of the extended DRX cycle solution.

Further, we observed that solution “power saving state” has several advantages comparing to the extended DRX cycle solution, and we had the following observation:
Observation 4: Comparing to the extended DRX cycle solution, solution “power saving state” has no paging robustness issue and downlink reachability issue.
In summary, solution “Power saving state” is a promising solution for UEPCOP, which could provide significant power consumption gain with minor system impacts. RAN2 is kindly asked to discuss and agree on the following proposals:

Proposal 1: Adopt solution “Power saving state for devices” as one UEPCOP solution.

Proposal 2: Capture the analysis in this contribution into TR 37.869.
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7 Annex A
A.1 Power consumption model
A simplified UE power consumption model is illustrated as below. 
Table 1: UE power consumption model parameters
	Parameter
	Value
	Comments
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	1 unit/ms
	Power consumed for RX. For simplicity, it applies during both 
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	1-4 unit/ms
	Power consumed for TX, which is transmit power relevant.

The value is 1 unit/ms when transmit power is 0dBm and below, and is 4 unit/ms when transmit power is 23dBm. Linearly scaled with transmit power in between 1mW and 10^2.3mW.
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	0.01 unit/ms
	Power consumed during sleep mode, including power consumed for low accuracy clock and memory maintaining, leakage current (e.g. caused by power management unit), etc.
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	34 ms
	Time for UE preparation, which consists of the warm-up time, cell search and synchronization time. Here, the minimum requirement for UE SCell activation for Rel-10 CA is referred (assuming the SCell can be successfully detected on the first attempt).
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	1 or 2 ms

	Time that UE is on duty. For idle mode, the value is 1ms (one paging occasion). For connected mode, it is assumed that the value is configured as 2ms (onDurationTimer).
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	0 ms
	Time for UE shutdown. Here, it is omitted because generally the value is less than 0.5ms.


A.2 Traffic model
Table 2: Traffic model

	Parameters
	Value

	Packet size (UL packet and DL response, UDP)
	1K bytes

	Interval between UL packet and DL response
	800ms

	Packet inter arrival time
	30min, 60min


A.3 UE power consumption for one communication session
Table 3: UE power consumption for one communication session
	RRC inactivity timer
	Power usage type
	Number of sub-frames

	1s
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	50.44
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	1834.80

	
	Total consumed power: 403.15 unit

	
	Total consumed time: 2093.51 ms
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