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Discussion and decision
1 Introduction

The Rel-13 RAN enhancements for extended DRX in LTE WI [1][2] is created to "provide RAN specifications for extending the DRX cycle in scenarios where mobile terminated data has a delay tolerance in the order of minutes to an hour". This eDRX WI aims to continue UE power consumptions optimizations (UEPCOP) work started within Rel-12 RAN aspects of Machine-Type and other Mobile Data Applications Communications Enhancements WI (MTCe) [3]-[5]. This contribution includes simulation results to evaluate the power consumption savings of extending DRX in idle mode (I-eDRX) and to help identify the desired range to increase the paging DRX cycle. On the other hand, this contribution also provides recommendations on the applicability of I-eDRX in comparison to Rel-12 power saving mode (PSM) solution in order to guarantee specific mobile terminated (MT) reachability delays without unnecessarily increasing UE power consumption as well as signaling.
2 Discussion
The WID [1] explains the main use cases targeted by the extended DRX solution, "UEs that only need to wake-up infrequently (e.g. every few or tens of minutes) for MT data". The traffic scenarios used for the simulation are defined based on that i.e. MT traffic with Inter-Arrival Time (IAT) of 1h, 3h and 6h. The details of the simulation parameters and the UE power consumption model [6] assumed are explained in Annex A.
I-eDRX: power consumption reduction and value range 
The relative power consumption is shown in Figure 1 for the maximum legacy paging DRX cycle of 2.56s and potential I-eDRX values, chosen from 10.24sec up to 327.68sec. While using I-eDRX, it is assumed that UE might have to wake up certain time before each paging occasion (referred as TPrepare_PO) to account for potential time spent being active due to synchronizing efforts, system information acquisition or cell re-selection activities. Figure 1 uses the relative power consumption numbers of 3GPP-1 model, which is explained in Annex A and assumes 0.01 unit/ms as the relative power consumed by the UE during the idle sleep period (within DRX and eDRX cycles).
The left graph in Figure 1 simulates a no/low mobility use case, assuming a TPrepare_PO of 34ms, and shows that increasing the paging DRX cycle to e.g. 10.24sec and 81.92sec provide a reduction in relative power consumption of around 10% and 30% compared to DRX cycle of 2.56sec; however a substantial difference in power consumed is not observed after certain DRX cycle, e.g. 81.92sec. 
The right graph in Figure 1 simulates a mobile use case, assuming a TPrepare_PO of 200ms, and shows that extending paging DRX cycle only up to 10.24sec or 20.48sec is not sufficient to reduce power consumption, as the relative power consumption increases almost by 85% compared to that with DRX cycle of 2.56sec. This is due to the active time that the UE spends before each PO e.g. to synchronize, read system information and/or perform cell re-selection. Therefore using I-eDRX cycle with higher values is desired, e.g. 24% reduction is observed with 163.84sec.
Observation 1: The I-eDRX cycle needs to be increased above 20.48s to reduce UE power consumption assuming that UE might wake before each PO e.g. to synchronize or read the system information and/or perform cell reselection. 

Observation 2: Extended DRX cycle in idle, I-eDRX, provides reasonable power consumption gains until a certain length of I-eDRX cycle, after which it saturates.
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Figure 1. Relative power consumption for I-eDRX using 3GPP-1 power model

(simulation details in Annex A)
The Rel-12 and Rel-13 low complexity (LC) UEs, i.e. category 0 and category M respectively, aim to reduce, if possible, the complexity, cost and power consumption. These devices are characterized, among other aspects, by having a single antenna, reduced maximum TBS allowed and, in the specific case of Rel-13 LC UE, by also working in narrowband 1.4MHz regions within the whole system bandwidth. Considering these new UE categories and inputs provided by some companies during Rel-12 power consumption discussions [6], different relative power consumption values are also assumed for the sleep period of the I-eDRX: 0.01, 0.001 and 0.0001 unit/ms (which are referred in this contribution as 3GPP-1, 3GPP-2 and 3GPP-2 power model respectively). 
Figure 2 shows the relative power consumption reduction percentage (%) of using each I-eDRX in comparison to the legacy maximum DRX cycle of 2.56s. If the relative power consumption during the sleep period, PSleep, of DRX cycle of 2.56sec and I-eDRX is assumed to be the same 0.01 value (3GPP-1 power model), the observed relative power consumption reduction is around 32%. However if the devices, using I-eDRX, could reduce their relative sleep power consumption further e.g. PSleep, to 0.001 or 0.0001 (as per 3GPP-2 or 3GPP-3 power model), the observed relative power consumption reduction is around 90% to 96%.
Observation 3: The power consumption value assumed for the sleep periods of I-eDRX (e.g. 0.01 vs 0.001 vs 0.0001) impacts the overall power consumption benefit of extending DRX cycle length (e.g. 32% vs 90% vs 96%).

Observation 4: I-eDRX cycle still needs to be increased above 20.48s for more aggressive power models in order to reduce the overall UE power consumption and compensate for the time that the UE wakes before each PO (similarly to observation 1).
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Figure 2. Relative power consumption reduction percentage for I-eDRX in comparison to maximum DRX cycle of 2.56s using 3GPP-1, 3GPP-2 and 3GPP-3 power models for IAT 1h (simulation details in Annex A)
The Rel-13 eDRX WID [1] stated that the extended DRX cycle values would be determined in conjunction with SA2/CT. On the other hand, during Rel-12 related discussion, CT1 indicated in their LS [7] to SA2, as per below that there is foreseen CN impact if DRX is extended above 20sec but it could be handled. 
"In idle mode it can be expected that missed paging requests and paging retransmissions will increase when DRX is extended beyond a certain value. The paging retransmission timer is network dependent and there is no value range standardized. Network functions can be dependent on a certain UE response time, and if DRX is extended supervision timers can be exceeded and further action is triggered (e.g. recovery from failure, retransmission). Under CT1 remit paging via Gs/SGs is such function where the current standard specifies a maximum (S)Gs paging request supervision timer of 20s. It can thus be expected that a DRX cycle extension beyond 20s will require additional updates to CT1 specifications."
"If maximum DRX cycles in idle mode are extended beyond what is mentioned above there can be impact on CT1 specification, and if timer separation handling is required additional updates are needed."
Proposal 1: RAN2 to agree on extending DRX cycle in idle above 20.48sec. If so, send an LS to CT1 and SA2.
Power consumption comparison of I-eDRX and PSM

Another important motivation [1]

 REF _Ref418960922 \r \h 
[2] to specify I-eDRX is to define a solution that helps in reducing power consumption while meeting the UE reachability aspect for unscheduled MT data with some requirement on delay tolerance.
"A more flexible approach that addresses the scenarios not suitable for PSM such as the one described above is to enhance DRX operation. Unlike PSM, DRX makes the UE reachable during pre-defined occasions without resulting in unnecessary signalling."
To address this aspect, Figure 3 shows the relative power consumption for DRX of 2.56sec, eDRX and PSM. Different periodic TAU timers are assumed for PSM to guarantee certain MT reachability delays from 2 minutes to 60 minutes. It can be observed that the relative power consumption, while using PSM and assuring a reachability below 15min, is higher than the one using DRX cycle of 2.56sec (i.e. as shown for the PSM cases of 2min and 5min and indicated by the ‘A’ in Figure 3). In addition, while using PSM and assuring a reachability below 30min, the relative power consumption is still higher than the one using extended DRX cycle (i.e. as shown for the PSM case of 15min marked between A and B in Figure 3).
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Figure 3. Relative power consumption of I-eDRX, with TPrepare_PO of 34ms, and PSM using 3GPP-1 power model (simulation details explained in Annex A).
Observation 5: Power consumption using PSM increases in comparison to DRX and eDRX when reachability delays of up to 30 min for MT data need to be guaranteed.
Proposal 2 RAN2 to agree that PSM should only be used with periodic TAUs at least above 30minutes. If so, inform SA2 and discuss if RAN/SA specification needs to reflect this aspect (e.g. adding a clarification note).
3 Conclusion
Observation 1: The I-eDRX cycle needs to be increased above 20.48s to reduce UE power consumption assuming that UE might wake before each PO e.g. to synchronize or read the system information and/or perform cell reselection. 

Observation 2: Extended DRX cycle in idle, I-eDRX, provides reasonable power consumption gains until a certain length of I-eDRX cycle, after which it saturates.
Observation 3: The power consumption value assumed for the sleep periods of I-eDRX (e.g. 0.01 vs 0.001 vs 0.0001) impacts the overall power consumption benefit of extending DRX cycle length (e.g. 32% vs 90% vs 96%).

Observation 4: I-eDRX cycle still needs to be increased above 20.48s for more aggressive power models in order to reduce the overall UE power consumption and compensate for the time that the UE wakes before each PO (similarly to observation 1).

Proposal 1: RAN2 to agree on extending DRX cycle in idle above 20.48sec. If so, send an LS to CT1 and SA2.
Observation 5: Power consumption using PSM increases in comparison to DRX and eDRX when reachability delays of up to 30 min for MT data need to be guaranteed.
Proposal 2 RAN2 to agree that PSM should only be used with periodic TAUs at least above 30minutes. If so, inform SA2 and discuss if RAN/SA specification needs to reflect this aspect (e.g. adding a clarification note).
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5 Annex A
Simulation parameters and assumptions:
Table 1: UE power consumption model parameters based on Rel-12 email discussion [82#13] [6]
	Parameter
	Value
	Comments

	PSleep
	0.01 unit/ms

0.001 unit/ms

0.0001 unit/ms
	Power consumed during idle sleep mode (assumed during TSleep); depending on the PSleep value used. For I-eDRX, additional PSleep values are considered 0.01, 0.001 and 0.0001 which are referred by the power model names of 3GPP-1, 3GPP-2 or 3GPP-3 respectively.

	PTx, PTx/Rx
	4 unit/ms
	Power consumed for data/signaling transmission 

	PRx
	1 unit/ms
	Power consumed during the reception (during activity periods)

	Pmeas
	0.5 unit/ms
	Power consumed for frequency measurements

	TPrepare_PO
	34, 200 ms
	Time for UE preparation before receiving paging occasion (PO) e.g. 34ms for cell synchronization and 200ms for TSI and TCell-Detection 

	TPrepare_Data
	varies from 50 to 220 ms
	Time for UE establish the RRC connection before transmiting the data. 

	TMeasu
	20 ms 
	once every DRX and eDRX cycle


Table 2: Other simulation parameters
	
	Parameter
	Duration

	Connected mode
	DRX configuration
	disable

	
	RRC Inactivity Timer
	2.5sec

	Data traffic
	data active time
	400ms

	
	Periodic IAT between active data periods
	1h, 3h and 6h

	Idle mode
	Paging DRX Cycle (TDRX)
	2.56s and 1.28s (for PSM scenario)

	
	Paging extended DRX Cycle, I-eDRX (TI-eDRX)
	10.24s 20.48s, 40.96s, 81.92s 163.84s and 327.68s 

	
	Active timer (for PSM scenario)
	10.24sec

	PSM
	Periodic TAU timer, T3412 (for PSM scenario) 
	2min, 5min, 15min, 30min and 60min


