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1 Background
Power Save Mode (PSM) was introduced in REL-12 and provides power savings options for devices with infrequent data transmissions. In this contribution PSM is evaluated and compared with DRX when transmitting small amounts of data. Based on this evaluation of PSM and comparison with DRX further improvements are proposed. 
First PSM and DRX are compared in section 2.1. As a result of that comparison an Extended DRX (eDRX) is proposed, i.e. DRX much longer than 40 seconds. In section 2.2 the negotiation of eDRX, as discussed in SA2, and the impact on RAN2 is discussed further. 
First a quick attempt is made to put longer DRX up to 40 seconds and eDRX into context, but the reader is also invited to read the further details in chapter 2. RAN2 already agreed to study a longer DRX up to 40 seconds. In this contribution an even longer DRX (eDRX) is proposed. But both longer DRX up to 40 seconds and eDRX are obviously longer than the legacy DRX. The exact eDRX range is for further study, but the eDRX range is expected to have impact on NAS procedures and CN handling (similar as PSM mode), and therefore it is part of the SA2 study [8], [9]. The picture below exemplifies how legacy DRX, longer DRX up to 40 seconds, and eDRX relate to each other: 
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Figure 1: Legacy DRX, longer DRX up to 40 seconds, and eDRX
RAN2 agreed to study a longer DRX up to 40 seconds. This study has the intention to see how much the legacy DRX can be "stretched" without too much impact (e.g. limit CN and NAS impact, staying within the SFN limit, and assuming the existing RAN4 measurement framework). The eDRX goes beyond that and is more comparable with PSM mode. 

In between Paging Occasions the UE is "sleeping" in DRX and in this contribution a difference is made between sleep mode (sleep time power consumption typically seen in current modem implementations) and deep sleep mode (ultra-low power consumption typically associated with PSM mode). In the performance analysis for a longer DRX up to 40 seconds a sleep mode performance was assumed [4]. But sleep mode and deep sleep mode performance is mainly a UE implementation issue, i.e. there is no direct coupling with a certain DRX length. 
2 Discussion
2.1 Comparison of PSM and DRX
Both PSM (only in Idle mode) and DRX (Idle mode, URA_PCH, CELL_PCH and CELL_FACH states) are power efficient modes for small data devices. In this section small data transmissions with PSM and DRX are compared and some observations are made. 

With both PSM and DRX uplink data transmission can be initiated at any time. With PSM downlink data transmission is only possible after the UE has performed periodic Routing Area Update and is in connected mode. In between periodic Routing Area Updates after the Active Time has expired and the UE has gone into PSM the UE is not reachable. With DRX downlink data transmission can only be initiated at Paging Occasions, i.e. in between Paging Occasions the UE is not reachable. Most of the small data traffic is expected to be in the uplink, and triggered/initiated in the uplink. However the small data device should be reachable for downlink initiated traffic. The delay that can be tolerated for downlink data is expected to determine the configured periodic RAU timer with PSM and DRX cycle length with DRX. Given the variability and unpredictability in downlink traffic patterns it is likely that this configuration is "over-dimensioned", i.e. the periodic RAU timer or DRX cycle length is configured such that the device will wake-up frequently without receiving downlink traffic. 
Small data transmissions with PSM

The Power Save Mode (PSM) was introduced in Idle mode to enable power saving when the downlink data can tolerate (very) long delays (24.008, 23.060, 23.682). The UE can request PSM with a new NAS timer Active Time timer (T3324) and the Periodic RAU timer value (T3312) to the network. The network can subsequently configure PSM in the UE, with T3324 and T3312 timer value. Timer T3324 (Active Time timer) determines the period during which the UE is still reachable and remains in GMM_CONNECTED after entering Idle mode. When this timer expires the UE may suspend all AS activities, i.e. the UE may not be reachable via paging (e.g. the radio may be switched off). Timer T3312 (periodic RAU timer) determines when the UE performs Routing Area Update again, i.e. determines when the UE wakes-up again (from a few seconds to almost two weeks (max 320 hours) and default 54 minutes), see GPRS Timer 3 in 24.008). Timer T3312 is reset and started when the UE enters Idle mode again e.g. after small data transmissions in connected mode. 
In Figure 1 below the signalling involved to wake-up and to be able to receive downlink data (i.e. to be reachable) is depicted:
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Figure 2: Signalling in PSM mode to be able to receive downlink data.

There is relatively much signalling and delay to check for downlink traffic: NAS signalling (ATTACH/RAU including potential authentication procedure), RRC connection setup/release, potential Security Mode Command, residence time in CELL_DCH without DRX, and Active Time timer expiry before going to sleep again. 
The signalling with uplink data transmission is similar to figure 2, but the UE sends a Service Request instead of Routing Area Update, and in addition a RAB is established to enable the small data transmission.
Small data transmission with DRX

Only a short overview of small data transmission with DRX is given, i.e. the reader is assumed to be familiar with the details. 
To receive data in the downlink the UE wakes-up in time for the Paging Occasion and monitors the PICH. When no PICH is detected, or when the UE is not addressed in the Paging message, the UE goes to sleep again. When the UE is addressed there is a switch to CELL_FACH or CELL_DCH to receive the downlink data. When the UE receives downlink data in Idle mode the UE needs to switch to connected mode to receive the data. When the UE receives downlink data in CELL_PCH with seamless transition to CELL_FACH, then there is no signalling prior to data reception.
When the UE is in Idle mode, and wants to transmit uplink data, then the UE has to switch to connected mode (similar as with PSM). When the UE is in connected mode DRX there is less signalling and delay. For example when the UE is in CELL_PCH with seamless transition to CELL_FACH the UE can initiate uplink data transmissions without prior signalling, i.e. initiate uplink traffic very quickly. 
Comparison of PSM and DRX
First it is noted that with small data transmission the "scene" has changed, i.e. previous focus on high bitrate, low latency and multi-carrier connections has changed to infrequent small amounts of data which are delay tolerant but have strong power consumption requirements, i.e. system design issues have changed. 

To receive downlink traffic PSM has a clear disadvantage compared to DRX because the UE has to switch to connected mode (to find out there is no downlink data to receive in most cases). 
Observation 1: Assuming a similar RAU timer and DRX cycle length PSM has a significant disadvantage compared to DRX to enable downlink data reception because with PSM the UE has to switch to connected mode to check for downlink data. 
To send uplink traffic there is not a big difference between PSM and DRX in Idle mode i.e. in both cases there is NAS signalling and the UE has to switch to connected mode to transmit the data. However when PSM is compared with DRX in Connected mode, then there is a significant difference, because with DRX in Connected mode the UE can initiated uplink data transmissions without any or with much less signalling overhead compared to PSM (dependent on the Connected mode scenario that is assumed). For example in CELL_PCH with seamless transition to CELL_FACH and in CELL_FACH there is no signalling prior to uplink data transmission. 

Observation 2: Uplink data transmission performance with PSM and DRX in Idle mode is similar (although not identical).
Observation 3: The performance of uplink data transmission with DRX in Connected mode is significantly better compared to PSM because there is less signalling overhead.

It is noted that similar analysis and observations have been made in LTE [1], [2] and GERAN [3]. 

Another aspect is the power consumption during sleep time. With a very long sleep time and infrequent data transmissions the power consumption during sleep time becomes the dominant factor determining the battery life time [4]. As explained before in this contribution a distinction between sleep mode and deep sleep mode performance is made: 
	
	Value
	Unit

	Sleep mode
	0,5
	mA 

	Deep sleep mode
	0.05 (– 0.005)
	mA 


The sleep mode performance is a power consumption level that can be observed in existing modem implementations. The deep sleep mode performance is an ultra-low power consumption typically associated with PSM mode [1], [2]. This is a performance level that may be observed in an implementation that is designed specifically for the lowest possible power consumption, and some uncertainty of the possible gains with the deep sleep mode exist (i.e. an estimated factor 10 to 100 better than sleep mode). Current modem implementations typically do not have this performance, because the "radio on time" is the dominant factor with the legacy DRX cycle values. 

There are potential power savings with deep sleep mode compared to sleep mode because:

Sleep mode: RTC clock is running, synchronization is maintained, memory is maintained, UE performs "continuous" measurements when waking up, mobility is maintained, etc.
Deep sleep mode: Coarse (less accurate) RTC clock is running, synchronization is lost, UE needs to perform measurements "from scratch" when waking up (potentially making use of stored history information to improve measurement delays, however the UE may have moved), mobility is not maintained, RAN4 measurement requirements do not apply/exist, etc.
The deep sleep mode comes with a cost, i.e. it takes longer time to wake-up compared to sleep mode. It will take longer time to restore memories, longer time to regain synchronization, and longer time to perform measurements and make sure that the UE is camped on the best cell (i.e. measurements of previous wake-up period cannot be re-used, and the UE may have moved to another cell, frequency or RAT), margin for time uncertainty of coarse clock (e.g. UE has to be ready at paging occasion, i.e. some margin to wake-up may be needed). But with a long sleep time the lower power consumption level pays off. 
Based on the above observations it is proposed to study an Extended DRX (eDRX) in both Idle and Connected mode that enables similar sleeping time periods as with PSM and allows the UE to go into deep sleep mode:
Proposal 1: RAN2 to study Extended DRX in Idle and Connected mode that enables similar sleeping periods as with PSM and allows the UE to go into deep sleep mode.  
2.2 Extended DRX (eDRX) in other working groups

In section 2.1 it was proposed to study an eDRX in RAN2. In this section it is pointed out that eDRX is also discussed in other working groups: an extended DRX is also being proposed and discussed in GERAN [5], [6], LTE [7], and SA2 [8], [9]. 
The study in SA2 addresses the impact on NAS and CN, and evaluates the higher layer signalling (e.g. NAS signalling) for the configuration and negotiation of eDRX. In the small data study item description RAN2 is also encouraged to liaise with the SA2 study. 
For example it is discussed in SA2 to use NAS signalling for eDRX negotiation in Idle mode [10].  In the ATTACH/TAU Request the UE supporting eDRX, may indicate a preferred eDRX value to the CN. The CN decides the eDRX value to be used, taking into account the UE proposed value, the DRX supported by RAN and CN policies etc. Subsequently the eDRX to be used (configured eDRX) is signaled in the GMM Accept message to the UE. Finally the eDRX is signaled in the Paging message from SGSN to RNC. The UE applies the configured eDRX in the cells that indicates support eDRX (broadcasted in system information):
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Figure 3: eDRX signalling example in Idle mode.

No agreements have been reached in SA2, and the signalling presented above is one example. But it would be good that RAN2 considers the SA2 proposals for eDRX signalling:

Proposal 2: Consider the SA2 proposals and agreements for eDRX signalling and evaluate the RAN2 impact.

The configuration of an eDRX in connected mode requires further study. 
3 Summary

RAN2 is kindly asked to discuss the power saving enhancements for small data devices: 

Proposal 1: RAN2 to study Extended DRX in Idle and Connected mode that enables similar sleeping periods as with PSM and allows the UE to go into deep sleep mode.  

Proposal 2: Consider the SA2 proposals and agreements for eDRX signalling and evaluate the RAN2 impact.
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