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Abstract of the contribution: Evaluates and compares UE power consumption reduction for different solutions in the case of infrequent transmission of data.

Introduction

One of the main use cases is infrequent to highly infrequent transmission/reception of data, particularly small data. Some devices can be targeted to last a very long time without battery replacement or charging (e.g. up to 5-10 years on two AA batteries).

Current cellular modems take advantages of the DRX operation for power saving. The DRX operations are typically classified into RRC_IDLE DRX or RRC_CONNECTED DRX states, which are referred to as I-DRX and C-DRX in the rest of the document. Regardless of the RRC states, the modem current drawn during DRX operation is broadly classified into active and sleep current. The active state refers to the DRX ON duration and associated warm-up and shut-down period. The sleep state refers to the DRX OFF duration, during which the modem only keeps power management IC, clock, retention memory and other critical modem functionality running. The ratio between active state current and sleep current for typical LTE/UMTS operation is on the order of 100 to 1. The DRX duration ranges from 10’s of ms to 5 sec. 

One of the main sources for power consumption reduction is the intervals where the UE is not receiving nor transmitting any data. In essence, it would be desirable to have an extremely low power consumption when the UE is not transmitting/receiving data, even less than the sleep. If the MTC device does not need to perform any Rx or Tx operation for a large period of time, some of the constraints on power optimizations imposed by a sleep with relatively short DRX cycle, like keeping tight synchronization, extensive context in memory, etc. can be relaxed and that allows room for further power reduction in the UE. With relaxed constraints, a reduction from sleep current of an order of magnitude or more is feasible with implementation optimizations.
We will call this ultra low power state “deep sleep mode” , throughout the contribution. An example of active, sleep and deep sleep states is depicted in Figure 1:
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Figure 1: Ultra low power state when the UE is not active

In TR 23.887, SA2 has introduced several techniques to reduce the power consumption of a UE, with particular focus on MTC devices, that when compared to each other, they all benefit from reducing power consumption when UE is not transmitting/receiving.  Namely:

· Extending DRX cycle:

· For Connected mode (C-DRX): 7.1.3.6 - Solution: Long DRX cycles in connected mode, 7.1.3.2 - Solution: Extending DRX using UE Assistance Information (connected mode part)
· For Idle mode (I-DRX): 7.1.3.1
- Extended DRX in idle mode, 7.1.3.2 - Solution: Extending DRX using UE Assistance Information (idle mode part)
· Detaching/Re-attaching: 7.1.3.4 - Solution: Attach/detach
· New NAS state: Dormant State: 7.1.3.3
 - Solution: Power Saving State for Devices
NOTE: There are other SA2 proposals for UEPCOP that are not considered in this document.

This paper provides  a comparison of those mechanisms, assuming that all of them achieve the bulk of power reduction by turning the UE radio off while moving to a state of extremely low power consumption (when data transmission is not necessary).
Approaches to introduce deep sleep mode
In this section we discuss further the notion of deep sleep mode for large DRX cycles, and compare the estimated power consumption of that approach with dormant state and detach/attach procedures.

Option 1: Extended IDLE DRX cycle with deep sleep mode
This applies to 7.1.3.1 - Extended DRX in idle mode and 7.1.3.2 - Solution: Extending DRX using UE Assistance Information (idle mode part).

The idea is to extend the IDLE DRX cycle to allow the UE to sleep longer, and moving to a deep sleep mode (being an optimized implementation handling of SLEEP MODE). The longer DRX cycle allows the UE to maintain only a subset of the context in memory and loose synchronization for extended periods of time. The UE warms up and re-synchronizes with the network before moving to ACTIVE mode:

Pros:

· UE is always pageable within a certain delay controlled by IDLE DRX cycle (compared to Dormant or detach/attach)
· UE context does not need to be kept in RAN (compared to C-DRX).
· Minimal NAS impact.
Cons:

· Service request overhead associated with idle-to-connected transition (compared to C-DRX).

· Dimensioning in CN to maintain a certain number of UE contexts (compared to detaching)

Option 2: Extended Connected DRX cycle

This applies to 7.1.3.1 - Extended DRX in idle mode, 7.1.3.2 - Solution: Extending DRX using UE Assistance Information (idle mode part)

The idea is to extend the DRX cycle in connected mode, and move to a deep sleep state between active states of DRX cycle. The longer DRX cycle allows the UE to maintain only a subset of the context in memory and loose synchronization for extended periods of time. The UE warms up and re-synchronizes with the network before moving to ACTIVE mode, while keeping the connected state.
This approach saves the power consumed during idle-to-connected transition. 
However, it does have the drawback from power consumption point of view that it needs to perform measurement reports. However, measurement report frequency can be decreased if the RAN knows that UE has low mobility.
Pros:

· No power consumption overhead due to idle-to-connected transition.
· UE always reachable for mobile terminated data within a DRX cycle.
Cons:
· It may be more suitable for static or nomadic devices, as mobility/ handovers may increase signalling and power consumption, and further, if DRX cycle is long, it can cause handover failures.

· Dimensioning of RAN to support several MTC devices in connected mode (compared to I-DRX).
Option 3: Dormant State

As described in  7.1.3.3 - Solution: Power Saving State for Devices.
Pros:

· Since the UE is not waking up to listen to any paging (IDLE DRX) or possible downlink data (C-DRX), it has the most potential for power saving in case of MO traffic only and highly infrequent data transmission. 
Cons:
· Considerable NAS impact by adding new state / signalling.
· UE unreachable for paging for extended periods.
· UE may transit through a current consuming state (sleep/Idle) before moving to Dormant State, if required to wait for the network to send any MT trigger that was pending in the CN.

Option 4: Detach/Attach approach

The UE detaches when it has no data to transmit/receive, it re-attaches when it needs to move to active. This can be done over the top (UE detaches/reattaches based on application needs) or with network assistance as described in the various flavors of 7.1.3.4 - Solution: Attach/detach.
Pros:

· For over-the-top solution:  no network impact.
· No need to keep UE context in core network while UE is detached.
Cons:
· UE unreachable while detached (mostly suited for mobile originated only)
· Power consumed for transition to connected mode is larger due to longer delay of attach procedure.
3
Power consumption comparison
In this section we compare the estimated power consumption of the four solutions under different scenarios. All scenarios assume short and infrequent bursts of data traffic.
In all cases the following assumptions are considered:

· Only MO data.

· TAU not considered (assume UE moves to RRC connected before TAU timer expires)

· For C-DRX:

· Handovers not considered

· Measurement reports not considered

· Dormant:

· Case 1: Dormant with 1 minute active after UL transmission, to wait for potential device trigger.

· Case 2: UE moves to dormant immediately after transmission (no window for trigger). This is called Dormant MO only.
· Attach/Detach:

· Power could be improved by using DRX within attach procedure, worst case scenario considered (no DRX) in this contribution.

· For C-DRX and I-DRX:

· Two DRX cycles are considered, 2 minutes and 5 minutes.

· The UE performs periodic transmissions.

The estimation assumes the delays and times described in the following table.
Table 1: Time values assumptions
	Time
	Description
	Value (ms)

	TRx_IDRX
	Time to listen to paging channel
	2

	TWU_IDRX
	Time to warm up from deep sleep state to active in idle DRX
	40

	TON_IDRX
	Time UE is in Rx mode when in IDLE DRX
	TWU_IDRX+TRx_IDRX

	TRx_CDRX
	Time to listen if DL data scheduled
	2

	TWU_CDRX
	Time to warm up from optimized sleep state to active in C-DRX
	40

	TON_CDRX
	Time UE is in Rx when in C-DRX
	TWU_CDRX+TRx_CDRX

	T​SR
	Service Request delay
	100

	Tattach
	Attach procedure delay
	1000

	TRRC_rel
	RRC release procedure delay
	50

	T​detach
	Detach delay
	50


NOTE: 
While the values provided in this contribution refer to a LTE device and procedures, similar concept and conclusions can be applied to UMTS/HSPA as well.

Further considerations on power consumption estimations and characteristics:

1. 
For dormant state, the intervals at which the MTC device listens to any possible MT data are mandated by the MO activity (or by TAU expiration). In other words, not considering mandated periodic TAU procedures, then the longer the MTC device has not UL data pending, the longer the time the UE is unreachable for MT data. That means that dormant state is not suitable for MT data but for highly infrequent MO data. UE reachability for MT data could be regulated via setting small periodic TAU timer, but that would make dormant state solution quite inefficient due to unnecessary TAU procedures. The same argument applies to detach/attach solutions.

2. 
Extended DRX cycle is indeed suitable for MT data, regulated by the length of DRX cycle. On the other hand, it is not possible in general to know the exact times an application will generate data for UL transmission. For that reason, even when the periodicity of the UE increases in the tables below, the DRX cycle is kept at a certain value (lower than the transmission periodicity). Results are shown for 2min, 5min and 15min. 

3.
It is clear that at some point, given that extended DRX cycle is kept fixed, when the periodicity of transmission increases (longer inactivity), the power consumption for being reachable within a DRX cycle will become noticeable. On the other hand, it is also important to note that dormant and attach/detach solutions have the drawback of poor availability for MT data. One goal of the comparison tables below is, in fact, to show how much is the impact on UE battery using the extended DRX solution while keeping a certain MT data availability. 

Transmission model 1: Small data, UL only

The UE transmits periodically a short amount of data:

· This amount of data can be sent within 2ms.

· No response from MTC server is expected.

Table 2: Average Relative power consumption comparison - Model 1
	Period
	C-DRX (2m)
	C-DRX (5m)
	I-DRX (2m)
	I-DRX (5m)
	Dormant (1m active)
	Attach/Detach
	 Dormant MO only

	15 min
	1 (Reference)
	0.65
	1.70
	1.32
	2.92
	6.31
	1.07

	30 min
	0.91
	0.53
	1.26
	0.88
	1.54
	3.25
	0.61

	3h
	0.82
	0.44
	0.89
	0.51
	0.40
	0.70
	0.40

	12h
	0.82
	0.44
	0.82
	0.46
	0.23
	0.30
	0.19

	12h
	
	(C-DRX = 15min)

0.28
	
	(I-DRX = 15min)
0.28
	
	
	


NOTE: The power consumption values are all relative to the left-most (1st column) up-most (1st row) value

Transmission model 2: Short TCP connection with MTC server

The UE periodically connects to MTC server for data exchange:

· UE is active transmitting and receiving for 2s.

Table 3: Average Relative power consumption comparison - Model 2
	Period
	C-DRX (2m)
	C-DRX (5m)
	I-DRX (2m)
	I-DRX (5m)
	Dormant (1m active)
	Attach/Detach
	 Dormant MO only

	30 min
	1
(Reference)
	0.90
	1.09
	0.99
	1.17
	1.61
	0.93

	1h
	0.61
	0.50
	0.65
	0.55
	0.60
	0.83
	0.49

	3h
	0.34
	0.24
	0.36
	0.26
	0.23
	0.31
	0.19

	12h
	0.25
	0.15
	0.25
	0.15
	0.09
	0.11
	0.082

	12h
	
	(15min)

0.10
	
	(15min)

0.11
	
	
	


NOTE: The power consumption values are all relative to the left-most (1st column) up-most (1st row) value
Discussion
From the comparisons above, the following observations can be made:

· For devices that transmit data with a frequency of a few hours, the performance of extended DRX cycle of a few minutes and dormant state are comparable. Detach/attach technique suffers from the power consumed during attach procedure, each time a transmission is needed.

· For extremely long periods of data inactivity, dormant state has better performance. The power consumption reduction of extended DRX techniques is smaller than the dormant state technique mainly because the UE maintains a short reachability period for MT data. In fact, the longer the inactivity period for MO data, the longer the UE becomes unreachable for MT data when using both dormant state and detach. 
· The longer the period of inactivity the more comparable detach/attach and dormant state become.
· Connected mode DRX has better performance than Idle mode DRX in general. Note though that the estimations are mainly for static devices, i.e., handovers or other mobility procedures were not considered.

Due to the observations above, we can conclude that the techniques extending DRX cycle (while using UE battery optimizations) have an advantage towards the others, as they provide power consumption savings that are better than other techniques for slightly infrequent transmissions, and good performance for very infrequent transmission, while keeping the UE reachable within a DRX cycle for MT data. Therefore, extended C-DRX and extended I-DRX can cover efficiently a large number of use cases, including the limited use case where dormant state and detach/attach solutions could be beneficial, which is highly infrequent MO data, and extremely large tolerance to MT data delays.
Between C-DRX and I-DRX, C-DRX provides the best performance for static devices, but may be less suitable for mobile devices or more resource consuming for the RAN. Considering the common benefits of the two extended DRX solutions (i.e. minimal impact on specs and CN/NAS), it is proposed to adopt both, providing the flexibility to utilize one or the other based on need (e.g. extended C-DRX for static devices, extended I-DRX for mobile devices or for very long inactivity)
Conclusion: For the case of MTC devices that require infrequent transmission/reception of data and long battery life, we propose the adoption of both extended C-DRX and extended I-DRX. 
NOTE: 
While the quantitative comparison above refers to a LTE device and procedures, similar conclusions can be drawn for UMTS/HSPA.

4
Proposed text to 23.887

7.1.4
Overall Evaluation 

The techniques extending DRX cycle (while using UE battery optimizations) have an advantage towards the others, as they provide power consumption savings that are better than other techniques for slightly infrequent transmissions, and good performance for very infrequent transmission, while keeping the UE reachable within a DRX cycle for MT data. Therefore, extending DRX in idle mode and connected mode can cover efficiently a large number of use cases, including the limited use case where dormant state and detach/attach solutions could be beneficial, which is highly infrequent MO data, and extremely large tolerance to MT data delays.

Between Connected DRX  and Idle DRX, Connected DRX provides the best performance for static devices, but may be less suitable for mobile devices or more resource consuming for the RAN. Considering the common benefits of the two extended DRX solutions, it is benefitial to adopt both solutions, providing the flexibility to utilize one or the other based on need (e.g. extended Connected-DRX for static devices, extended Idle-DRX for mobile devices or for very long inactivity).
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