3GPP TSG RAN WG2 #88
R2-144976
San Francisco, US, 17 - 21 November, 2014

Agenda Item:
11.2 Study on Small data transmission enhancements for UMTS
Source: 
Ericsson
Title:  
Device power saving enhancements
Document for:
Discussion and Decision

1 Background
The study item description for Small data transmission enhancements for UMTS [1] identifies extended DTX/DRX cycles as a potential enhancement for "small data" devices:
From the identified requirements, the study should then consider potential technical solutions, for example:

- Device power saving enhancements (for example extended DTX/DRX cycles**) (RAN1, RAN2)

** The study on DTX/DRX cycles should consider the findings in 3GPP TR 23.887. If necessary, RAN WGs should liaise with SA WGs.
In this chapter two power saving enhancements are discussed:

· Longer DRX cycle 
· Measurements with long DRX
First the findings in TR 23.887 "MTC and other data application enhancements" and the new SA2 study item "Feasibility study on Extended DRX cycle for Power Consumption Optimization" are shortly discussed. Next the feasibility of longer DRX and associated measurements are discussed. 

2 Discussion
2.1 Findings TR 23.887

Part of the study on "MTC and other data application enhancements" (TR 23.887) focussed on UE Power Consumption Optimizations (UEPCOP) [2]. An extended DRX in both Idle and Connected mode were evaluated. It was pointed out that an extended DRX implies increased latency for Mobile Terminated (MT) traffic, with a potential impact on application and higher layer protocols. However the impact of increased latency on applications, transport protocols, network buffering, NAS protocol timers, etc depends on the RAN/GERAN solution, i.e. the impact on these aspects cannot be evaluated properly when the RAN/GERAN solution is not clear (e.g. maximum DRX cycle length). 

2.2 SA2 study item
SA2 has agreed a new "Feasibility study on Extended DRX cycle for Power Consumption Optimization" [3] with the overall objective:
Objective of this study item is to study extending DRX cycle in idle and connected mode for GERAN, UTRAN and E-UTRAN, in order to satisfy

-
Prevention of battery drain by substantial power reduction in scenarios where mobile terminated data has a delay tolerance in the order of minutes up to an hour.

The study build further on the work done for UEPCOP in 23.887 and considers both CN and UE impact (e.g. NAS-protocol extensions to enable extended DRX cycles, paging retransmission strategy, impact on SMS and MT data).
The SA2 study item objectives clearly overlap, but also align, with the extended DRX evaluation in RAN2. It is expected that RAN2 focusses on the RAN2 aspects, i.e. detailed solutions and feasibility of longer DRX in UMTS, including signalling aspects and power saving gains. SA2 will have a broader focus, including all RATs, higher layer and end-to-end aspects, and is not expected to study RAN2 details. However the outcome of both studies should be considered to evaluate the feasibility of longer DRX in UMTS. 

2.3 Longer DRX in UMTS
2.3.1 Motivation for longer DRX

For "small data" devices the power consumption is critical, and may even determine the device's lifetime, due to the relative high cost involved in exchanging the battery. And even for devices with an external power source low power consumption may be desirable to save energy. 

Power consumption for low-activity devices is closely related to their activity factor. Signalling reductions / optimizations can reduce the amount of radio on-time for a device and help to reduce power consumption. But for devices with infrequent transmissions, the main activity is the waking up between DRX cycles to monitor paging and perform mobility measurements. Increasing the length of DRX cycle has a direct benefit on battery lifetime. For devices with limited mobility, the measurement requirements could potentially be relaxed to further reduce power consumption.
2.3.2 Existing DRX options in UMTS
A short summary of the existing DRX options for UMTS is provided below:
· Idle mode (SIB1):

· 10.3.3.6 CN domain specific DRX cycle length coefficient”
· DRX cycle:

640 ms - 5,12s  

(k=6-9, 2^k*10ms)
· URA_PCH and CELL_PCH (dedicated signalling):

· 10.3.3.49 UTRAN DRX cycle length coefficient
· DRX cycle:

80 ms - 5,12s  

(k=3-9, 2^k*10ms)
· CELL_FACH with HS-DSCH DRX operation (SIB5):
· DRX cycle:

40  - 320 ms 


· Rx burst:

10 – 160 ms



· CELL_FACH with HS-DSCH DRX operation with second DRX cycle (SIB22):

· 1st DRX cycle:
20  - 640 ms 



· 1st Rx burst:

4 – 8 ms
· 2nd DRX cycle:
40 ms – 5.12 s

· 2nd Rx burst:
10 – 20 ms

The maximum DRX cycle length in Idle, PCH and FACH state is currently 5.12 seconds. There is a PS and CS specific DRX cycle length coefficient, and the UE shall use the shorter one of them if both are used (TS 25.304). In Idle mode and CELL_FACH state the DRX is configured in system information (and thus common for UEs in the cell), but in CELL_PCH and URA_PCH the DRX cycle length is configured by means of dedicated signalling. Typical values observed in networks in Idle mode and PCH states are 640 ms, 1.28 and 2.56 seconds. Sometimes the configured Idle mode DRX for PS is longer compared to CS, and sometimes the configured DRX in connected mode is shorter than in Idle. 
In Idle and PCH state the UE monitors its paging indicator in the PICH frame with SFN [0..4095] given by the Paging Occasion. The Paging Occasions are determined by the IMSI of the UE and the DRX cycle length (TS 25.304). In case the DRX cycle would exceed the maximum SFN, there could be ambiguity when the UE is listening to paging. A longer DRX cycle could potentially exceed the maximum SFN, but further study for such solutions is needed. 
Idle and CELL_PCH/URA_PCH are considered potential dormant states for "small data" devices. When the device has some data to send the device switches to CELL_FACH or CELL_DCH for data transmission. For power savings, not only a longer DRX cycle, but also the "overhead" associated with sending small amount of data should be considered. This overhead includes going in and out of DRX (incl. timer expiry), radio wake-up and ramp-down, measurements, etc. The study should not focus only on longer DRX but also consider potential optimizations for the "overhead" to send small amount of data. 

2.3.3 PSM vs longer DRX

The Power Save Mode (PSM) was introduced in REL-12 to enable power saving when the UE 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 then configure PSM in the UE, with T3324 and T3312 timer value. The first timer T3324 determines the period during which the UE is still reachable and remains in EMC_CONNECTED. 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). The second timer T3312 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, see GPRS Timer 3 in 24.008).
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There is a relative high overhead to send small amounts of data with PSM, e.g. timer expiry, NAS signalling, synchronization, measurements, etc. When a small amount of data needs to be send more often, the relative overhead of PSM makes this method less efficient than longer DRX. PSM is power efficient when there is low data activity (i.e. frequency) and very low requirements on MT transmission delays. A periodic routing area update timer can be negotiated to meet MT transmission delays. But in case the MT delay is short (e.g. hour or less), the signalling overhead for routing area update is significant and influencing the overall power saving. In such cases DRX may be more efficient [4]. 
When the UE is in long DRX, and is moving around, the UE stays synchronized with the network and tries to re-select to the "strongest" cells continuously by means of measurements during the wake-up periods. When the UE is in PSM and wakes-up after a long time then the UE may no longer be synchronized with the network, and may have to perform measurements "from scratch" because the UE has moved to a completely different location than when it was doing measurements before. 
2.3.4 Longer DRX

When the data inter-arrival times are "short" (or when the latency requirement is "strong") then there is a certain threshold when longer DRX is more efficient than PSM (due to the differences in "overhead"). However the DRX cannot be extended "indefinitely", i.e. due to accuracy of the "sleep clock" (Real Time Clock (RTC), e.g. 32 kHz) the UE may have lost synchronization when waking up after a very long time. Furthermore, to support mobility the UE needs to perform measurements with some regularity to be able to re-select to the strongest cell while in DRX. The power saving gains of the DRX would be lost if the UE would need to wake-up just to perform measurements. 
The study intends to investigate the feasibility of a longer DRX in HSPA. To limit the impact of longer DRX on both UE and NW, but also to limit the potential impact on NAS procedure, application and CN, a longer DRX up to 40 seconds (which is within the limit of the SFN) should be investigated first. However the study is not necessarily restricted to this limit:

Proposal 1: Study the feasibility of longer DRX cycles of up to 40 seconds in Idle and PCH states. 

It is expected that longer DRX cycles of up to 40 seconds can provide significant power saving gains: 
	
	DRX length (seconds)
	Factor

	Legacy DRX
	5.12
	

	e-DRX
	10.24
	2x

	e-DRX
	20.48
	4x

	e-DRX
	40.96
	8x


The feasibility study for longer DRX should also include signalling aspects (e.g. configuration of longer DRX), the impact of having UEs with different DRX cycle lengths, the impact of a large number of devices in longer DRX, and the impact of system information reading when in long DRX. 
2.3.5 Measurements in long DRX
The feasibility of a longer DRX cannot be evaluated without considering the measurement requirements as well. The time spend on measurements when in DRX is significant from a power consumption perspective. Furthermore with a longer DRX, and a small data device only sending infrequent and small amounts of data, these measurement times may become even more significant. From a power saving perspective, the UE should not be required to perform more frequent measurements than the DRX cycle length, i.e. preferably the UE should only be required to measure when waking up to send or receive data/paging. 
The RAN4 measurement requirements in Idle and PCH state are identical, and the measurement requirements scale with the DRX cycle length (TS 25.133). Potentially the RAN4 measurement framework in Idle and PCH state can be extended to include a DRX cycle length up to 40 second, however further analysis is required.

RAN2 should take into account the measurements when studying the feasibility of a longer DRX cycle: 

Proposal 2: The feasibility for a longer DRX and the potential power savings should also include the UE measurements. 

Other measurement schemes can be evaluated as well, e.g. assuming that the UE is stationary and evaluate more relaxed requirements for such UEs, which may allow even longer DRX cycles (or less measurement time). Or evaluate measurement schemes that do not scale with the DRX cycle length, where the UE comes out of a longer DRX (similar as with PSM) and may have to perform measurements "from scratch". 

2.3.6 In and out of DRX
Considering the power savings with longer DRX all the "overhead" associated with sending small amounts of data needs to be considered. Ideally the radio should only be on when the UE is actually transmitting or receiving data. However this ideal is in practice not achievable, however an attempt can be made to find a reasonable trade-off when the UE is sending small amounts of data. The overhead with going into and out of DRX is expected to have a significant impact for small data devices. 
Typically the UE goes out of DRX when UL transmission is triggered (at any time), or when DL data / Paging is received during a wake-up period. Then either the UE is switched to a CELL_FACH or CELL_DCH for data transmission and reception (or the UE autonomously moves to CELL_FACH). 
Typically the UE goes back into DRX when a timer expires after the end of data transmissions. This may not be the most efficient method, and also more optimized timer values for small data devices may be needed. Potentially the small data device could indicate when it has not more data to send, and based on that information go back to DRX immediately. Ideally the UE remains in DRX when only sending and receiving very small amounts of data. 

For UEs with small data transmission the relative overhead of going in and out of DRX significantly influences the power savings of the UE, therefore enhancements in this area should be investigated further. For going into DRX the UE could potentially indicate whether it has more data to send or whether it is done. And for going out of DRX uplink transmission delay could by reduced be avoiding a Cell Update: 

Proposal 3: Evaluate enhancements to reduce the overhead to go into and out of DRX for small data devices

3 Summary

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

Proposal 1: Study the feasibility of longer DRX up to 40 seconds in Idle and PCH states. 

Proposal 2: The feasibility for a longer DRX and the potential power savings should also include the UE measurements. 

Proposal 3: Evaluate enhancements to reduce the overhead to go into and out of DRX for small data devices
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