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1      Introduction

In the last RAN2 meeting i.e. RAN2#82 as part of the discussion on UEPCOP under the study item titled “RAN aspects of MTC and other mobile data applications Communications enhancements”, the chairman noted the following: “..Understand difference between dormant state and infinitely long DRX cycle..”. As per the SA2#98 meeting in July 2013, they recommended to proceed further with extended DRX cycles and ‘power saving state’ solutions as found in [2]. 
In this paper we provide further evaluation of these two solutions to be considered in RAN2 to proceed forward in finalizing solutions for UE power consumption optimizations. In section 2.1, we discuss further open aspects for the proposed power saving state or dormant state solution and extended DRX in idle mode aspects and provide quantitative/qualitative comparative analysis. The categories based on applicability are also discussed in section 2.2.
2      Discussion

In this section we provide analysis of the extended DRX in idle mode and ‘dormant’ state solutions [2] to gain further insights into the applicability and consequences in RAN related specifications if either solution is adopted to reduce UE Power Consumption. 

Extended DRX in idle mode vs. ‘Dormant’ power saving state
2.1.1 Extended DRX in idle mode Solution Flavours
The different solution options that are considered for UE power consumption savings as already covered in the email discussion [82#13] include: Extended DRX in idle/connected mode with DRX cycle <10.24 sec, Extended DRX cycle in idle/connected mode with DRX cycle >10.24 sec, and ‘new power saving state/dormant state’. In this section, we analyse the different solution flavours that could be considered for extended DRX in idle mode and the new power saving state and their corresponding applicability. This study item [1] is intended to cover aspects for “both machine-type and non-machine-type devices and applications”; therefore, we need to allow for optimizations in other mobile data applications as well. 
In the existing idle mode procedure, traditionally, the following activities drain UE power consumption:

Paging detection, system information acquisition (as necessary), periodic TAU procedure and cell selection/reselection related measurements: serving cell measurement and evaluation (S criterion), intra-frequency cell measurement and evaluation, inter-frequency/RAT cell measurement and evaluation.
The operation and impacts of extended DRX cycle in idle mode are well understood With the 3 options listed below, the notion that the UE wakes up to listen to paging at specific interval during RRC idle mode is maintained (UE is reachable).
2.1.1.1 Option A: Extended DRX with minimal specification change (<10.24sec)
In this case, extended DRX in idle mode may be considered with minimal changes to RAN specifications as per the following: 
· Paging cycle negotiation: Longer paging DRX cycle within 10.24sec with the eNB advertising a different increased ‘default extended paging cycle’ so that the DRX negotiation rule remains unchanged.
· Serving cell measurement possibly at every paging occasion (as per existing specification).
· Cell reselection procedures may not be invoked as per [4] if stationary device, where serving cell criterion is met and if mobile device, some changes may be necessary e.g. align eNBs’ support of extended DRX.
· Only specific UEs should be allowed into extended DRX mode especially to avoid MT-Access delay for time-sensitive data => Applicability: time tolerant, low mobility, non-MTC and MTC devices
2.1.1.2 Option B: Extended DRX with moderate specification changes (>10.24sec)
In this case, extended DRX in idle mode may be considered with moderate changes to RAN specifications as per the following: 

· Paging cycle negotiation: Longer paging cycle > 10.24sec introduced as a multiplication factor possibly without significant changes to SFN or with extension of SFN with possible changes to the DRX negotiation rule. 
· Serving cell measurement possibly at every paging occasion (depending on the length of the DRX cycle) or changes to [10] will be necessary for ensuring that the UE is in ‘Camped normally’ state. 
· Cell reselection procedures may not be invoked as per [4] if stationary device, where serving cell criterion is met and if mobile device, further changes/option C below may be necessary.

· Only specific UEs should be allowed into this mode especially to avoid MT-Access delay for time-sensitive data => Applicability: time tolerant, low mobility, MTC devices 
2.1.1.3 Option C: Extended DRX with AS optimizations 
If there are no mechanisms defined to differentiate the low mobility requirement that leads to no measurements for cell reselection (not assuming cell edge or load balancing conditions), the existing RRC idle mode may be explicitly modified to lower power consumption. In this option, either the existing idle mode states (Camped normally/Camped on any cell/Any cell selection) may be modified such that each state is differentiated with Access Stratum (AS) Sleep/OFF/disabled and AS active/ON modes or a new much simplified state (e.g. Camped with AS OFF) may be defined in addition to the already defined states (this alternative is shown in figure 1 below).
· AS sleep/OFF/disabled state may be defined as a sub-state within the existing RRC idle mode (e.g. RRC idle sub-state). In this AS sleep state, the triggers to perform cell reselection are disabled.
· After the UE is moved into RRC idle by the network, upon expiry of a pre-negotiated timer, the UE enters in this AS sleep/OFF mode as shown in figure 1. The UE then wakes up in time to listen to the paging channel in its next paging occasion (and may need to perform cell synchronization and/or cell reselection). 
· RRCConnectionRelease may be modified to send UEs into RRC Idle with AS Sleep/OFF state directly. 

· It is similar to the proposed power saving state [3] in terms of the RRC NULL state with deactivated AS..
· Only specific UEs should be allowed to enter this state to avoid MT-Access delay for time-sensitive data => Applicability: extreme time tolerant, MTC devices 
The UE AS sleep state in RRC Idle mode refers to the following:

· AS does not support the processes: PLMN selection, Cell selection, Cell reselection, Location registration, support for manual CSG selection.
Proposal 1: It is proposed to consider option C “Extended DRX with AS Optimizations” as a viable flavour of extended DRX and add its description (based on section 2.1.1.3) and figure 1 to RAN TR [3]. 
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Figure 1. Option C: RRC Idle with Active Stratum optimization to save power (note: modifications indicated in red. Rest of the blocks are part of the diagram described in section 5.2.2 of [4])
2.1.2 Dormant or Power saving state

In this section, we provide comparison of the proposed power saving state in [3] to extended DRX in idle mode. We refer to this solution as power saving state and dormant state interchangeably. In the RRC idle state, the UE runs a low power clock and turns off most of the RF components; since the timers have to be maintained, the dormant state may be similar, except additional power saving is attained through removal of paging and cell selection/reselection activities for a defined period of time with limited active time during which the UE is actually in idle mode. Dormant power saving state may be a viable option if the network can control the behaviour of the UE based on HSS information regarding the UE’s usage model (very infrequent, extreme delay for MT access can be tolerated etc.). The best way forward to ensure that the related specifications are modified in a less complex manner is to create a new state within RRC (that which corresponds to the ‘NULL’ state as described in [2]) such that the activities that are part of the RRC idle mode today are removed. The following are some of the aspects to be considered regarding the power saving state without a new RRC state: 
· Convoluted specification if it is integrated within existing RRC Idle state as idle mode is associated with periodic paging based reachability
· Complex UE implementation within idle mode process 
· Complex UE idle mode power model if a new state is not introduced.

Additionally, in the dormant power saving state, there is a transitional active time defined during which the UE is in regular RRC Idle mode. During this time in idle mode when the UE is actually reachable, the paging DRX cycle and corresponding measurement activity needs to be further discussed. This dormant power saving state is mapped to the "EMM-REGISTERED.NO-CELL-AVAILABLE" (as per [2]). As per this MME state definition in [6], cell reselection and PLMN selection procedures shall have to be performed by the UE; therefore further evaluation or a new mapping may need to be considered in EMM side. 
Based on the above reasons, a new RRC state (as described in figure 2 below) with extreme power saving capability may be considered in conjunction with the proposed EMM states (Primarily defined for and verified by the network to be used for MT with extremely delay tolerant access, potentially stationary and with data frequency at least 54min. as per the typical periodic TAU update timer). 
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Figure 2. Proposed RRC power saving state corresponding to power saving state with EMM model
In summary, this proposed RRC state for the power saving state solution described by SA2 in [2] are:

· Timer driven to enter the new RRC mode (e.g. RRC Power Saving or RRC Dormant state) from RRC Idle mode or potentially directly through RRCConnectionRelease or similar message to enter the new RRC mode from RRC Connected mode to enhance power savings.  

· No paging supported in this new power saving mode (otherwise it would be like option C above).
· Using proposed EMM states
Proposal 2: RAN2 to consider having a new RRC power saving state and add its updated description (based on section 2.1.2) and figure 2 in RAN TR [3].
Proposal 3: RAN2 to agree in sending LS to SA2 to provide clarification in the mapping of EMM states for the new power saving state.
2.1.3 Simulation

In this section we discuss the analysis of the extended DRX in idle mode and the dormant state in further details based on the proposed power consumption model and a given traffic model considering the best/worst case scenarios. The following aspects are investigated in this section:
· If only cell sync (using 15-34ms) is done prior to paging, then what is the power consumption gain?

· What is the effect on power consumption due to different inter-arrival times and time taken to prepare and send data?

· How does extended DRX cycle in idle mode compare to dormant state? 

For the simulation, periodic MO small data traffic is assumed (similar methodology could be applied for MT data). The small data traffic pattern consists of 20ms of active duration and different time of inter-arrival times (IATs of 30s, 90s, 5min, 30min and 1h are chosen). The data trace is calculated over a duration of a year. For simplicity, after small data is transmitted immediate transition from Connected to Idle is assumed (equivalent to setting RRC inactivity timer to 0). Details about the traffic model, power consumption model and assumptions are described in Appendix 1, Tables 1 and 2 (based on the email discussion [82#13]). In our simulation, we refer to TPrepare_PO  to the time that UE might have to wake up before each paging occasion (e.g. to synchronize or to read the SIB and do cell reselection) and TPrepare_Data, to the time that UE might spent connecting to the network to send the data.
· If only cell sync (using 15-34ms) is done prior to paging vs. cell detection and reading of the SIB (using 300ms), then what is the power consumption gain?

The impacts of having to wake up before every paging occasion to synchronize or to read the SIB and perform cell reselection are evaluated and the results are shown in figure 3. The assumptions for this simulation are: a small data traffic trace (with 20ms of data activity and IAT of 5min.), TPrepare_PO of 15ms and 34ms (for synchronization) and 300ms (for SIB reading and cell detection), TPrepare_Data of 50ms and different extended DRX Cycles (as described in Appendix 1 Table 2). The relative power consumption to a reference point is provided in the figures. The reference point is marked with a circle in the figure 3 and corresponds to the power consumption due to the DRX Cycle of 2.56s and TPrepare_PO of 15ms.
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Figure 3. Effect of different TPrepare_PO before PO on relative power consumption
In figure 3, we observe that the increase of TPrepare_PO, affects more negatively to shorter extended DRX Cycles (as the power consumption increases). For example, for extended DRX Cycles of 2.56s, 10.24s and 81.90s, if TPrepare_PO is set to 15ms the relative power consumption is 1, 0.71 and 0.62 respectively and if TPrepare_PO is set to 300ms the relative power consumption is 7.80, 2.36, 0.80 which shows a significant increase in power consumption for DRX Cycle of 2.56s and 10.24s as expected. For a given extended DRX cycle, e.g. 5.12s, we observe an increase of 30% if we compare the relative power consumed while using TPrepare_PO of 34ms and 300ms. 
Observation 1: For a (mobile) UE having to perform cell reselection/SIB reading every PO, extending DRX cycle up to 10.24sec is not sufficient to reduce power consumption.  
There are a number of cases wherein the UE does not need to perform cell reselection/SIB reading in every PO (e.g. for stationary UE or when UE is waiting on paging notification for a change in SIB). In such cases, the UE could wake up directly for the PO and the TPrepare_PO could be the minimum (e.g.15ms or 34ms) activity time necessary to include synchronization and other factors like clock drift. If we take the worst case of synchronization (TPrepare_PO of 34ms in figure 3) for extended DRX Cycles of 10.24sec and 81.92sec, the power saving gain vs. its 2.56sec case would be a relative 0.62 and 0.8 respectively. By extending DRX cycle up to 81.92sec only an extra reduction of 18% in power consumption is observed vs. the 62% that is obtained by extending the DRX Cycle up to 10.24s.
 Observation 2: If the UE needs to only synchronize in every PO (e.g. in case of stationary UEs), extended DRX cycles<10.24sec show reduction above 60% in UE power consumption. 
Proposal 4: RAN2 to agree that extending DRX Cycle up to 10.24s has a significant benefit in UE power saving if UE does not wake up for SIB reading and cell reselection in every paging occasion.
· What is the effect on power consumption due to different inter-arrival times and time taken to prepare and send data?
In this analysis, we assume that the UE is stationary and only has to perform cell synchronization before each PO (wake up 34ms before PO). The goal is to understand the impact of having different times of preparation before sending the small data in relation to the IAT. This time (referred as TPrepare_Data) is set as shown in table 2 in appendix. Additionally different IATs of traffic are considered (as indicated in table 2 in Appendix 1).

In figure 4, the relative power consumption for different IATs and different times of preparation to send data are assumed. The reference point for each IAT is assumed to be the power consumed with DRX Cycle of 2.56s and TPrepare_Data of 50ms. We can observe that when the TPrepare_Data is assumed to be a low value of 50ms, the overall power consumption for all assumed IATs is similar as expected. When the TPrepare_Data increases to 200ms then IAT plays a role in that infrequent IAT data has overall better relative power consumption than frequent IAT. For example, for IAT of 30sec and 90sec, we observe that the overall power consumption increase by 36% and 13% due to the difference in the TPrepare_Data. In addition, for all of these cases, we continue observing that the maximum power saving gain is mainly obtain in DRX Cycles below 10.24s.
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Figure 4. Effect of different TPrepare_Data on relative power consumption 
Observation 3: As expected, UE power consumption increases if it takes longer to establish data path for sending small data with lower IAT (similar to the case with smartphones sending status update type of messages with periodicity of about RRC inactivity timer). .
· How does extended DRX cycle in idle mode compare to the power saving state? 

The main aspect to compare the power saving of having different extended DRX Cycles vs Dormant State. is the factor that in dormant state the UE would  not be reachable for longer times while reducing the power consumed by the UE while waking up in each PO for extended DRX Cycle.

[image: image5.emf]0.03(%)

0.68(%)

0.04 (%)


Figure 5. Active time (%) during idle (for the different DRX Cycles) and power saving state
For a simple comparison, in 1 year, when the UE is in extended DRX with cycle of 5.12s and spends 34ms to check paging/cell synchronization at every PO (assuming stationary condition), the UE is thus active  for about 60 hours in total and spending idle mode power during the rest of the time. Assuming the same scenario, in dormant state the UE would become connected every 54minutes for the periodic TAU and go back into idle if there is no UL/DL data (this procedure is assumed to take 50ms). The UE remains for in idle for one minute with a DRX cycle of 2.56s before moving into dormant. The results show that UE spends less than 1hour in active time due to the periodic TAU updates. The time/power spent in sending/receiving data is assumed to be comparable in both cases given such inter-arrival times. 

Under the same assumptions as explained in the example above, the active times during idle mode with the different DRX Cycles and during dormant are shown in figure 5. It can be seen in figure 5 that dormant state is equivalent to a very long extended DRX cycle (81.92s). Hence if the device can be in unreachable state for a long period of time due to infrequent data (similar to the requirement 7.2.13 in [9] wherein the device is assumed to detached from the network after data communication), dormant state with corresponding state in RRC layer may be utilized. 

Proposal 5: The new power saving state with a corresponding RRC state is recommended for devices with pre-configured long inter-arrival times that can be in unreachable state for a certain period of time (e.g. in order of TAU periodic timer).
Applicability Categories
As per section 7.2 in [9], the different specific service requirements/MTC features that are relevant to make a decision for UE power consumption optimizations include low mobility (MTC devices that do not move, move infrequently, or move only within a certain region), time tolerant, mobile originated only, infrequent mobile terminated (intended for use with mobile originated only) and infrequent transmission. These features are considered to be visible to the network operator that will adjust the mobility management procedures for the UE accordingly. We think that further these features may be made visible through the following possibilities:
· UE radio access capabilities

· Device properties update

· OMA DM configuration

· HSS configuration of pre-defined UE category

· RRC based establishment cause (very dynamic)
Generally, a given solution is fully evaluated, supported and agreed upon before considerations are made about including the support of the solution in one of the forms above. However, in the case of extended DRX cycle solution or the new power saving state solution, we need to determine whether a specific device category (e.g. MTC) with certain specific features (e.g. MO only, low mobility) can be identified along with the evaluation as the solutions highly depend on this support (e.g. ‘dormant’ state solution applicable for MO only or infrequent communication due to its unreachability aspect).
Proposal 6: RAN2 to discuss and agree on the specific use case requirements that may be distinguished for the purpose of UE power saving. 
3      Conclusions and proposals
In this contribution we provide further analysis and potential way forward of the selected  UEPCOP solutions and propose to discuss the following:
Observation 1: For a (mobile) UE having to perform cell reselection/SIB reading every PO, extending DRX cycle up to 10.24sec is not sufficient to reduce power consumption.
Observation 2: If the UE needs to only synchronize in every PO (e.g. in case of stationary UEs), extended DRX cycles<10.24sec show reduction above 60% in UE power consumption.
Observation 3: As expected, UE power consumption increases if it takes longer to establish data path for sending small data with lower IAT (similar to the case with smartphones sending status update type of messages with periodicity of about RRC inactivity timer).
Proposal 1: It is proposed to consider option C “Extended DRX with AS Optimizations” as a viable flavour of extended DRX and add its description (based on section 2.1.1.3) and figure 1 to RAN TR [3]. 

Proposal 2: RAN2 to consider having a new RRC power saving state and add its updated description (based on section 2.1.2) and figure 2 in RAN TR [3].
Proposal 3: RAN2 to agree in sending LS to SA2 to provide clarification in the mapping of EMM states for the new power saving state.
Proposal 4: RAN2 to agree that extending DRX Cycle up to 10.24s has a significant benefit in UE power saving if UE does not wake up for SIB reading and cell reselection in every paging occasion.
Proposal 5: The new power saving state with a corresponding RRC state is recommended for devices with pre-configured long inter-arrival times that can be in unreachable state for a certain period of time (e.g. in order of TAU periodic timer)
Proposal 6: RAN2 to discuss and agree on the specific use case requirements that may be distinguished for the purpose of UE power saving. 
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Annex 1: Simulation Parameters
Table 1: UE power consumption model parameters based on email discussion [82#13]
	Parameter
	Value
	Comments

	PRx
	1 unit/ms
	Power consumed for reception (assumed during TPrepare_PO and TPO)

	PTx
	2 unit/ms
	Power consumed for transmission (assumed during TPrepare_Data and data activity periods)

	PSleep
	0.01 unit/ms
	Power consumed during idle sleep mode (assumed during TSleep)

	TSI
	200 ms
	Time for System Information reading

	TCell-Detection
	100 ms
	Time for System Information reading

	TPrepare_PO
	15, 34, 300 ms
	Time for UE preparation before receiving paging occasion (PO). Considering 15ms and 34ms for cell synchronization and 300ms for TSI and TCell-Detection 

	TPrepare_Data
	50, 200  ms
	Time for UE preparation before transmission of data. 

	TPO
	1 ms
	Time that UE is listening to the paging occasion

	TSleep
	varies
	Time the UE is in idle sleep (this time mainly depends on TExtended_DRX, TPO, TPrepare_PO, TPrepare_Data )

	TShutdown
	0 ms
	Time for UE shutdown


Table 2: Other Parameters
	Parameter
	Duration

	Extended DRX Cycle Time (TExtended_DRX)
	5.12s, 10.24s 20.48s, 40.96s, 81.92s 163.84s and 327.68s

	RRC Inactivity Timer
	0 ms

	Small Data Traffic Activity for periodic IAT
	20 ms

	Periodic IAT
	30s, 90s, 5min, 30min and 1h
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