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1 Introduction
This Text Proposal (TP) contains the remaining RAN2 parts and RAN2 conclusions to be captured in TR 25.705 (v1.1.0) for the Small Data study item.

2 Text Proposal

<Start of Text Proposal>
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6.2
Signalling optimizations for small-data transmission

6.2.1
Signalling optimization on physical layer

6.2.1.1
Solutions of layer 1 signalling optimization

Currently E-DPCCH is transmitted along with E-DPDCH and is used to carry the related control information for E-DPDCH, which consists of E-TFCI, RSN and happy bit as shown in Figure 14.
Considering the characteristic of small data transmission, it would be feasible for NodeB to deduce the control information for E-DPDCH control information by using the scheduler information or other method. By doing this, E-DPCCH could be transmitted with reduced power or even be totally muted. In the scenario with massive small data transmission UEs, the uplink interference contribution due to control channels could be reduced a lot in the total RoT budget, which could improve the uplink capacity to increase the supported UEs in a cell.
As an initial consideration, two potential methods are introduced and discussed as following.
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Figure 14: Information structure for E-DPCCH
Solution 1: Reduced control information field conveyed on DPCCH
The first consideration for signalling optimization is shown in Figure 14, in which the control information field is reduced and conveyed by DPCCH without E-DPCCH transmission.
Considering small data transmission usually has small packet size, the legacy E-TFCI field in this scenario may be redundant and could be reduced. Also, it is known that for HARQ combining the performance is very similar for the chase combining mode and incremental redundancy for very low data rate service. Hence, it would be possible to remove the RSN field in the uplink. Furthermore, considering the data rate of small data transmission is relatively low and the UE with small data transmission usually does not need to request a higher grant by using a physical layer signalling, the happy bit can also be considered to be removed. Base on the above analysis, the control information for small data transmission could be reduced to the E-TFCI field only. 

Hence it’s feasible to remove E-DPCCH totally and just convey the reduced E-TFCI filed on other channels. As shown in Figure 15, one straight forward way is to carry the E-TFCI bits on DPCCH through replacing the TFCI and FBI fields by E-TFCI bits. Because the transmitted control information and transmitted channel number are both reduced, the overhead due to uplink control channels is also reduced. This is especially beneficial for the scenarios of massive UEs with small data transmission.


[image: image2.emf]Pilot TFCI FBI TPC

Legacy 

DPCCH

Pilot TPC

New 

DPCCH

E-TFCI


Figure 15: Information structure for DPCCH
Solution 2: E-DPCCH less 
E-DPCCH less is another way for signalling optimization, in which the E-DPCCH channel can be muted in the first E-DPDCH transmission. 

In current E-DCH operation, the used E-TFC equals to the maximum E-TFCI allowed by SG in case neither buffer nor power limitation exists for uplink transmission. In that case the Node B could deduce the E-TFCI from the SG, and there is no need to send the indication of E-TFCI in E-DPCCH. As analyzed in the solution 1, for small data transmissions the RSN and happy bit also could be removed in the uplink transmission. Hence, in the case of neither buffer nor power limited scenarios, the E-DPCCH can be muted totally in the initial HARQ transmission.
6.2.2
Signalling optimization on L2/L3 layer

6.2.2.1
Seamless URA_PCH state transition to CELL_FACH and Extended RNTI
These topics are jointly studied with the study on Downlink enhancements for UMTS [x] and this study on small data transmission enhancements for UMTS. The purpose is to reduce the signalling and delay for the transition from URA_PCH to CELL_FACH by removing the need for a Cell Update before data transmission, and to support mass deployment of Small Data Transmission devices. The solutions studied are captured in section 5.2.4 and section 5.4 in [x].

6.3
Support of massive number of devices

<Text omitted>
6.4
Device power saving enhancements

Power consumption is critical for small data devices and it may even determine the device's lifetime, due to the relative high cost involved in exchanging the battery. But even for devices with an external power source low power consumption may be desirable to save energy. 
Currently, the maximum DRX cycle length in Idle, PCH and FACH state is 5.12 seconds. For devices supporting small data transmission, the power consumption is quite critical and current DRX scheme is not sufficient to achieve significant power saving, thus the following mechanisms are further studied:

Long DRX Cycle up to 40.96 seconds.
6.4.1
Long DRX Cycle up to 40.96 seconds

In this solution, the maximum DRX cycle, decided by UE side or network side, is prolonged to 40.96 seconds for small data transmission devices to save more power.
6.4.1.1
Performance evaluation

In the current spec, the maximum DRX cycle length in Idle mode, CELL_PCH, URA_PCH and CELL_FACH (with second DRX) is 5.12 seconds. In this section the power savings with a long DRX up to 40.96 seconds is evaluated, assuming that the UE will follow the legacy mechanism, i.e. the system information will be updated timely and UE will wake up for at least 10ms to monitor signal from network side in every DRX cycle. 

The main modem activities in DRX are depicted in Figure 15: 
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Figure 15: DRX activities. 
It takes some time for the UE to wake-up before it can start monitoring the PICH for incoming pages and system information modification change. During PICH monitoring the UE can perform intra-frequency measurements. In case the UE needs to perform inter-frequency or inter-RAT measurements then an additional radio on time is needed for that. Subsequently the UE can go to sleep mode again (i.e. ramp-down the radio).

Based on the power saving model in Annex A the power consumption in the different phases (ramp-up/down, PICH monitoring, inter-frequency measurements and sleep mode) and the battery lifetime can be calculated: 

	DRX cycle  (msec)
	Ramp-up/do (mA)
	PICH frame (mA)
	Inter-freq   (mA)
	Sleep         (mA)
	Total          (mA)
	Life time (weeks)
	Life time   (year)

	320
	1,5625
	1,5625
	0,4688
	0,4328
	4,0266
	3,7
	0,07

	640
	0,7813
	0,7813
	0,2344
	0,4664
	2,2633
	6,6
	0,13

	1280
	0,3906
	0,3906
	0,1172
	0,4832
	1,3816
	10,8
	0,21

	2560
	0,1953
	0,1953
	0,0586
	0,4916
	0,9408
	15,8
	0,30

	5120
	0,0977
	0,0977
	0,0293
	0,4958
	0,7204
	20,7
	0,40

	10240
	0,0488
	0,0488
	0,0146
	0,4979
	0,6102
	24,4
	0,47

	20480
	0,0244
	0,0244
	0,0073
	0,4990
	0,5551
	26,8
	0,52

	40960
	0,0122
	0,0122
	0,0037
	0,4995
	0,5276
	28,2
	0,54


Furthermore the relative power consumption figures (of the total power consumption) can be calculated:  

	DRX cycle  (msec)
	Ramp-up (%)
	PICH frame (%)
	Inter-freq (%)
	Sleep (%)

	320
	39%
	39%
	12%
	11%

	640
	35%
	35%
	10%
	21%

	1280
	28%
	28%
	8%
	35%

	2560
	21%
	21%
	6%
	52%

	5120
	14%
	14%
	4%
	69%

	10240
	8%
	8%
	2%
	82%

	20480
	4%
	4%
	1%
	90%

	40960
	2%
	2%
	1%
	95%


Based on this simple power consumption model, and the understanding of the power consumption components when in DRX, the following observations can be made:

Observation 1: With a long DRX up to 40.96 seconds the power consumption during sleep time becomes the dominating factor of the power consumption, i.e. determines the battery lifetime. 

Observation 2: With a long DRX up to 40.96 seconds the battery lifetime is increased 40% compared to the power consumption with the maximum legacy DRX of 5 seconds. 

Observation 3: A battery life time in the order of years is not achievable unless the UE can go down to an ultra-low power consumption level (deep sleep mode).

Observation 4: With a long DRX up to 40.96 seconds the power consumption for inter-frequency or iRAT measurements becomes small (relative to the sleep power consumption).

To obtain an impression of the impact of traffic on the power consumption, the Small Data traffic figures (see Table 1 chapter 5), together with estimates of the duration to transmit 100 bytes of data have been used. In this case it was assumed that the UE is in CELL_PCH with seamless transition to CELL_FACH. It was assumed that the UE requires 100 ms in CELL_FACH to transmit to the data, and subsequently is switched back into CELL_PCH (DRX) after 2 seconds: 

	Traffic intensity
	Tx duration (mA)
	Return DRX (mA)
	Total transmit (mA)
	Total transmit (%)

	Every minute
	0,1667
	1,6667
	1,8333
	348%

	Every hour
	0,0028
	0,0278
	0,0306
	6%

	Every day
	0,0001
	0,0012
	0,0013
	0%

	Every month
	0,0000
	0,0000
	0,0000
	0%


From these figures it can be observed that the small data traffic has no significant impact on the power consumption, unless it is more frequently sent than every hour. In case the traffic intensity is every minute, the traffic is likely to drain the battery. 
Observation 5a: When small data traffic is sent every minute or more frequently the impact of traffic is significant on the battery life time. 

Observation 5b: When small data traffic is sent less frequently than every hour the impact of traffic on the battery life time is small.
6.4.1.2
Impact on legacy and new UEs

With the introduction of long DRX up to 40.96s, the behaviour for legacy UE may be impacted, especially due to system information update. This section provides an analysis on such impacts focussing on two aspects: update the system information through paging and when waking up from long DRX cycle.

· Update the system information through paging
The RNC should inform the devices with long DRX cycle the modification time of system information through paging or BCCH specific H-RNTI.

Thus, the legacy UEs will be required to receive the paging message in every cycle till the RNC stops sending system information modification in the cell, which will lead to additional power consumption for legacy UEs.

In case HS in CELL_FACH is used, the UE is required to monitor the BCCH specific HRNTI to receive paging for system information change. When the BCCH specific HRNTI is scheduled the UE is not able to receive dedicated or common HRNTI, i.e. downlink data transfer is prohibited. Downlink data transfer is thus prohibited for at least the duration of the long DRX cycle length in case there is a system information change. Normal paging in CELL_FACH uses PAGING TYPE 2 message. 

· Update the system information when waking up from long DRX cycle

Devices with long DRX cycle can check whether the system information has been modified through reading MIB upon waking up from long DRX cycle. In this case, the devices will consume additional power, compared to legacy UEs (i.e. when waking up from legacy DRX, the UE is not required to check the MIB). The maximum time for obtaining MIB is 80ms; since the MIB scheduling is known by the UE, the UE may still go to sleep when waiting for the MIB to be scheduled. 
In summary, with a long DRX up to 40.96 seconds there is either an impact on legacy UEs (due to additional paging message reading) or on UEs in long DRX (due to additional MIB reading).

6.4.1.y Possible solutions for long DRX up to 40.96s
6.4.1.y.1 General descriptions

The network could configure a second PICH dedicated for the UEs supporting long DRX cycle. Considering that the long DRX cycle shall be used for idle and for connected mode, second PICH might be configured via SIB message.

For paging occasion calculation, the existing formula could be reused. The calculation formula is as follows:

Paging Occasion = {(IMSI div K) mod (DRX cycle length div PBP)} * PBP + n * DRX cycle length + Frame Offset


Where n = 0,1,2… as long as SFN is below its maximum value.
For the legacy UE, it will keep monitoring the legacy PICH on the paging occasion.

For the UE supporting long DRX cycle, it will monitor the second PICH on the paging occasion calculated with the above formula, and the DRX cycle length shall be extended to 40.96 s. The determination of the long DRX cycle is given in Figure x.
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Figure x Procedure of long DRX cycle determination

First, the UE and the SGSN negotiate the long DRX value in NAS through the ATTACH/RAU procedure. The UE can indicate a preferred long DRX parameter, the SGSN replies with the configured DRX cycle length. The negotiation between the UE and the SGSN need not consider whether the extended long DRX is supported by the RAN. The DRX periods are common for idle and connected mode.

The SGSN will inform the RAN about the negotiated long DRX value if the long DRX is supported by the RAN, via either the paging message or other RANAP procedure.

The RAN will indicate the long DRX info either via the system information message or dedicated signalling. If the long DRX is supported, as per legacy mechanism, the UE will calculate the paging occasion but just using the negotiated long DRX cycle length. If not, the UE will use legacy DRX cycle length instead. 
6.4.1.y.2 Impact on current functionality

In this solution, a second PICH channel dedicated for the small data transmission device is configured, which can avoid the impact to legacy UEs and improve the cell capacity.
As the DRX cycle length shall be extended to 40.96s, the DRX cycle length related configuration IE will be extended. According to the current specification, the notification of system information modification will be broadcast for the entire DRX cycle length. In order to support the long DRX cycle, the notification cycle will be extended to 40.96s.  
Moreover, the NAS protocol should be extended to support the long DRX value negotiation between the UE and the SGSN. 
6.4.1.y.3 Performance evaluation

In this solution, the UE will be informed SIB modification through paging and it will not obtain MIB when the UE wakes up. The model is depicted in the figure 1 below.
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Figure x: model of Reuse legacy scheme

Based on the model in the Annex1, the evaluation results are presented in the table 1 below.
	DRX cycle  (msec)
	Ramp-up/do (mA)
	PICH frame (mA)
	Inter-fre

(mA)
	Sleep

(mA)
	Total

(mA)
	Life time

(year)

	1280
	0.3906
	0.3906
	0.1172
	0,4832
	1,3816
	0.21

	2560
	0.1953
	0.1953
	0.0586
	0,4916
	0,9408
	0.30

	5120
	0.0977
	0.0977
	0.0293
	0.4958
	0.7204
	0.40

	10240
	0.0488
	0.0488
	0.0146
	0.4978
	0.61
	0.47

	20480
	0.0244
	0.0244
	0.0073
	0.4987
	0.5548
	0.51

	40960
	0.0122
	0.0122
	0.0037
	0.4992
	0.5273
	0.54

	Theoretical
	0
	0
	0
	0.5
	0.5
	0.57


Table x: performance evaluation of DRX without MIB reading

6.4.1.y.4 Solution comparison

Except the solution in chapter 6.4.x.1, there is another solution that the deep sleep mode is used. The model of the solution is depicted in figure below:
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In the solution, the DRX cycle length is set to 1.28s and there will be 4 DRX cycles after the expiration of the timer. Based on the calculation above, the power consumption of one DRX cycle will be 1.4mA, which include power consumption on sleep mode, PICH monitoring, Ramp up/down and measurement.

Based on the model in the Annex, the following table presents the evaluation results of the Timer based solution, where the power consumption of deep sleep is 0.2 mA (smart phone).
	Cycle  (msec)
	Timer (msec)
	Ramp-up/do (mA)
	DRX (mA)
	MIB reading (mA)
	Deep Sleep

(mA)
	Total

(mA)
	Life time

(year)

	5120
	0
	0
	1.4
	0
	0
	1.4
	0.2

	10240
	5120
	0.3809
	0.7
	0.1953
	0.0962
	1.3715
	0.21

	20480
	15360
	0.1904
	0.35
	0.0977
	0.1481
	0.7862
	0.36

	40960
	35840
	0.0952
	0.175
	0.0488
	0.174
	0.493
	0.58

	Theoretical
	0
	0
	0
	0
	0.2
	0.2
	1.4


Table xx: performance evaluation of Deep Sleep mode & Obtaining SIBs

6.4.1.y.5 Conclusion

According to the performance evaluation, it can be seen that deep sleep mode has nearly no power saving gains compared with using the sleep mode, where the DRX cycle length is smaller than 40.96s.
6.4.x Extended DRX Cycle beyond 40.96 seconds
6.4.x.1 Event based
6.4.x.1.1 General

In this solution the UE is alternating in either a sleep period (Tsleep) or a DRX period (TDRX) when the UE is not receiving or transmitting data. When the sleep timer expires the UE starts the DRX timer and starts listening according to the legacy DRX cycles (TDRX = paging window): 
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When the UE is in the Sleep period (e.g. deep sleep mode) the UE is not reachable. In the DRX period (paging window) the UE listens to the legacy Paging Occasions to enable reception of DL data: 
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As an example TDRX is started when the UE enters Idle mode (or PCH state), however other events can be evaluated when to start the timers (e.g. NAS procedures). 

6.4.x.1.2 NAS signalling

The DRX and Sleep periods are negotiated via NAS signalling for Idle and Connected mode. The UE can indicate a preferred TDRX and Tsleep period. The SGSN replies with the configured TDRX and Tsleep period. In this example the Sleep and DRX periods are common for Idle mode and PCH state: 
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6.4.x.1.3 DL data in Idle mode

The SGSN buffers DL data until the DRX period (paging window) of the device starts and the device can be paged. The eDRX handling in Idle mode is transparent for the RAN:
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When the Iu connection is established the SGSN informs the RAN about the negotiated eDRX parameters. The RAB assignment request is used as an example, but other options may exist as well (e.g. common ID). The RAN may then configure eDRX (i.e. DRX and Sleep period) in PCH state via dedicated RRC signalling. Only when the RAN has configured eDRX parameters via dedicated signalling eDRX in PCH state is used (eDRX in Idle mode is used when the UE and CN have negotiated eDRX parameters). The RAN may also configure a longer CELL UPDATE or URA UPDATE timer to prevent interruption of the sleep period (i.e. a dedicated timer overriding the timer broadcasted in system information).
6.4.x.1.4 DL data in PCH state

When downlink data arrives in the SGSN for the UE in connected mode, the SGSN forwards the data to the RNC (similar as in legacy). The RNC stores the downlink data until the DRX period (paging window) of the UE starts, and the UE can be paged. Potentially the SGSN can be informed when the UE is reachable, however this is FFS:  
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6.4.x.1.5 UL data

The device may initiate uplink data at any point in time in Idle mode and PCH state. Uplink data transmissions are independent from the eDRX configuration. Below the uplink data transmission in case of Idle mode is depicted:
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6.4.x.1.6 UE measurements

When the device is sleeping the device is in a very low power consumption mode (e.g. deep sleep) to obtain the best possible battery lifetime and should then not be required to perform measurements. When the device is in the DRX period (paging window) the device is monitoring the legacy DRX and is able to perform measurements according to the legacy DRX measurement requirements. 

6.4.x.1.7 eDRX performance

The power consumption model that is used to evaluate a DRX up to 40 seconds (SFN based) can also be used to evaluate an extended DRX (eDRX) beyond 40 seconds (event based). However some additional aspects with an event based eDRX need to be considered. 

It is assumed that the UE is in a deep sleep mode during the Sleep period, and a deep sleep mode implies a longer wake-up time (150 ms instead of 14 ms). During the DRX period (paging window), when the UE is monitoring the legacy DRX (4 x 1,28 sec DRX cycle), an average power consumption of 1,4 mA. The power consumption figures in Annex A are used. 
The figure below gives an overview of the different phases before the UE is able to monitor PICH, when waking up from deep sleep mode, and going into the DRX period (paging window) monitoring the legacy Paging Occasions (PO): 
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The following figure below gives a high level overview of the estimated durations of the different phases (deep sleep, wake-up, DRX) and the associated power consumption levels. Of course these figures are estimates, however they should give a rough indication where the power is spent. Roughly speaking, the UE spends most time in deep sleep, then active time, and is only a relatively short time in the wake-up phase. The deep sleep power consumption is significantly better than the legacy DRX power consumption. The wake-up time is relatively short, but also has a relatively high power consumption: 
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Power consumption when monitoring paging only

With the power consumption model the power consumption in the different phases (deep sleep, wake-up, DRX) and the battery lifetime can be calculated for different sleep time durations: 
	Sleep time (min)
	Wake-up (mA)
	DRX (mA)
	Deep sleep (mA)
	Total (mA)
	Life time (year)

	10 sec
	0,25
	0,47
	0,03
	0,75
	0,38

	30 sec
	0,11
	0,20
	0,04
	0,35
	0,81

	1
	0,06
	0,11
	0,05
	0,21
	1,34

	2
	0,03
	0,06
	0,05
	0,14
	2,12

	5
	0,01
	0,02
	0,05
	0,08
	3,37

	10
	0,01
	0,01
	0,05
	0,07
	4,23

	30
	0,00
	0,00
	0,05
	0,06
	5,12

	45
	0,00
	0,00
	0,05
	0,05
	5,31

	60
	0,00
	0,00
	0,05
	0,05
	5,40


The battery lifetime approaches the battery lifetime associated with a deep sleep power consumption ~5 years (0,05 mA == 5,72 years) only when the UE is sleeping for a long time (e.g. 30 minutes or more). The associated sleep mode battery life time is ~0,5 year (0,5 mA == 0,57 year). Please note that with a very short sleep time (e.g. 10 sec) the deep sleep mode does not pay off (0,38 year < 0,57 years) due to the relatively long wake-up time from deep sleep and the associated additional power consumption for this longer wake-up time. This is also the reason why deep sleep mode is not used for the legacy DRX. 
To obtain an easier overview where the power is spent, the relative power consumption figures are listed below (i.e. the percentage of the total power consumed in wake-up, DRX and deep sleep): 

	eDRX cycle  (min)
	Wake-up (%)
	DRX (%)
	Deep sleep (%)
	Total (%)

	10 sec
	33%
	63%
	4%
	100%

	30 sec
	30%
	58%
	12%
	100%

	1
	27%
	52%
	22%
	100%

	2
	22%
	42%
	35%
	100%

	5
	14%
	28%
	58%
	100%

	10
	9%
	18%
	73%
	100%

	30
	4%
	7%
	89%
	100%

	45
	3%
	5%
	93%
	100%

	60
	2%
	4%
	94%
	100%


Based on this simple power consumption model, and the understanding of the power consumption components in eDRX, the following observations for eDRX can be made:

Observation 1: The eDRX performance is a combination of the sleep mode and deep sleep mode performance dependent on the configuration. 

Observation 2: Deep sleep mode performance and associated battery life time is only obtained with long sleep time durations (e.g. beyond 30 minutes)

Observation 3: The wake-up power consumption from deep sleep is significant for shorter sleeping times (e.g. shorter than 30 minutes).

When the UE is in sleep mode (0,5 mA) the UE can wake up more quickly (14 msec), than if the UE is in deep sleep mode (0,05 mA), i.e. it takes 150 msec (factor 10) to wake up. In deep sleep mode the UE has switched off all processes and does not retain memories and context, but only a low power clock is running. In such state the UE needs to boot again, and restore all memories and load context, which is similar to a power-on scenario. The values used in this analysis are reference values, and the actual values dependent on the UE implementation. But any UE implementation has to consider a trade-off between power consumption when sleeping and wake-up time: 
Observation 4: There is a trade-off between the power savings when sleeping and the extra power needed for a longer wake-up time.

Power consumption when sending data

To obtain an impression of the impact of traffic on the power consumption in eDRX, the small data traffic figures (TS 25.705), together with an estimated duration to transmit 100 bytes of data have been used. In this case it was assumed that the UE is in CELL_PCH with seamless transition to CELL_FACH:
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Figure 3: Small Data transmission in DRX

It is assumed that the UE requires 100 ms in CELL_FACH to transmit the data (Tx (50 mA) + Rx (50 mA)), and subsequently is switched back into CELL_PCH when a fast dormancy request from the UE is received. It is assumed that the UE is configured with a sleep duration of 30 minutes (0,06 mA, see above). First the percentage of time in Tx + RX, wake-up and eDRX is calculated, next the associated power consumption figures are calculated:

	Traffic intensity
	Tx + Rx (%)
	Wake-up (%)
	eDRX 30 min (%)
	Total (%)
	

	every minute
	0,1667%
	0,2500%
	99,58%
	100,00%
	

	every hour
	0,0028%
	0,0042%
	99,99%
	100,00%
	

	every day
	0,0001%
	0,0002%
	100,00%
	100,00%
	

	every month
	0,0000%
	0,0000%
	100,00%
	100,00%
	

	
	
	
	
	
	

	
	
	
	
	
	

	Traffic intensity
	Tx + Rx (mA)
	Wake-up (mA)
	eDRX 30 min (mA)
	Total (mA)
	Life time (year)

	every minute
	0,1667
	0,0625
	0,0557
	0,2848
	1,00

	every hour
	0,0028
	0,0010
	0,0559
	0,0597
	4,79

	every day
	0,0001
	0,0000
	0,0559
	0,0561
	5,10

	every month
	0,0000
	0,0000
	0,0559
	0,0559
	5,12


From these figure it can be observed that the small data traffic has no significant impact on the power consumption, unless it is more frequently send than every hour. In case the traffic intensity is every minute, the traffic is likely to drain the battery. 

Observation 5a: When small data traffic is sent every hour or more frequent the impact of traffic is significant on the battery life time. 

Observation 5b: When small data traffic is sent less frequently than every day the impact of traffic on the battery life time is small. 

6.4.x.2 Hyper SFN based
One solution to prolong the DRX cycle beyond 40.96 seconds is to extend current SFN size limits, for example introducing the concept of hyper-SFN (H-SFN), as summarized in the following paragraphs.
6.4.x.2.1 Hyper SFN and extended DRX

A new H-SFN can be defined as a cycle of 4096 radio frames, from SFN0 to SFN4095. Figure 1 illustrates the Hyper SFN structure and its relation with the SFN, assuming a total of 64 H-SFNs in the example.
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Figure 1: Hyper SFN and relation to the regular SFN in UTRA

Similar to the SFN, the H-SFN should be broadcast in system information (e.g. in SI message), via new signalling IE/bits, with no impact on legacy or non-eDRX UEs (still using the legacy SFN). For example, an H-SFN of 4-6 bits (16-64 values) would provide an extended time range of approximately 11-44 minutes.

Broadcasting the H-SFN allows the eDRX UEs to maintain synchronization to the serving cell even if its clock drifts. It also allows configuration of efficient eDRX paging resources (as further explained in a later section).

6.4.x.2.2 Configuration of eDRX cycle 

Once H-SFN is defined, it is possible to extend the value of the DRX cycle. With regard to the configuration of the extended DRX, it is suggested that the eDRX cycle (T_eDRX) for the UE is configurable by NAS, and assumed to be the same in all cells of a given paging/registration area.

6.4.x.2.3 Managing Paging resources for eDRX UEs

Based on the extended H-SFN mechanism, it is possible to configure paging resources that occur with periodicity longer than 40.92s. Similarly to legacy paging, an eDRX UE can identify its paging resource based on T_eDRX (configured by NAS) and its IMSI (in USIM).

In particular, it is possible to define a paging hyper-frame (PH), being the H-SFN that contains the eDRX UE’s paging message. The PH is computed based on the T_eDRX value and the UE’s IMSI. Within its PH, the UE locates its paging resource in a paging frame (PF) which in turn contains the UE’s paging occasion (PO). The configuration of UE-specific PH also allows an efficient paging load distribution, as it enables grouping of UEs in different PHs.

To reduce the probability of page misses in eDRX (which could result in several minutes of delay in page response time), the network can configure a number (N) of PFs for a UE. The PFs are spaced by a normal DRX cycle and contain repetitions of the paging message for the UE. If the UE finds that its first PF after deep sleep has a poor channel quality, it can monitor the next PF within at most a few seconds of delay, thus ensuring minimal impact to the page response.

Regarding Idle mode mobility (controlled via cell selection/re-selection), when a UE moves to a different cell, it is desirable that the paging delay does not get significantly impacted due e.g. to large SFN mismatches between cells. Such impacts are considered negligible, assuming that cells within a paging area can be loosely H-SFN aligned within each other (can be up to few/ten seconds). For example, this could be achieved by each cell locally starting its H-SFN counter at a particular time of the day (e.g. from the first SFN0 at midnight). 
As said earlier, it is assumed that UE’s PH remains invariable among cells, being derived from the configured eDRX NAS parameters and the UE’s IMSI.

6.4.x.3 DRX combinations
This section discusses different combinations of DRX (legacy, long, extended) which can be evaluated further during the work item phase. 
6.4.x.3.1 Baseline DRX configuration


[image: image17.emf](up to 5.12 seconds)

PO PO PO

A)


Figure 1: Baseline DRX configuration (assuming UE is only registered to PS domain)

Option A) above is offered by the legacy configuration option for Idle and Connected mode UEs. A UE in such a mode will monitor the Paging Occasion (PO) every Discontinuous Reception (DRX) cycle (configurable up to 5.12 seconds). The PO monitoring is governed by the equation below: 

Paging Occasion=
{(IMSI div K) mod (DRX cycle length div PBP)} * PBP + n * DRX cycle length + Frame Offset
For FDD, PBP (Paging Block Periodicity) =1, and Frame Offset =0
So the Paging occasion equation for FDD is:

Paging Occasion = {(IMSI div K) mod DRX Cycle Length} + (n * DRX Cycle Length)
Long (up to 40.96 seconds) and extended DRX (longer than 40.96 seconds and less than 60 min) mechanisms offer a flexible sleep period to improve battery life usage under different data transfer scenarios. The next section presents different options showing combinations of long and extended DRX cycle.
6.4.x.3.2 Options for long and extended DRX configuration 
A simple extension of A) would be the following configuration B).
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Figure 2: Only longer DRX (up to 40.96 seconds)

The configuration in Figure 2 is simple. A UE is configured with a longer DRX cycle (up to 40.96 seconds). During this period the UE monitors the PO using the legacy equation described in section 2.1. The advantage of such a configuration is that the UE battery life is positively impacted because of a higher sleep to on ratio and the PO monitoring is the same as legacy UEs. 

An application to configure option B) would be for smartphone UEs that have infrequent/periodic keepalive type of data to send in the uplink. However, in practice this may be only offered for UEs which do not rely on transport protocols like TCP or in cases where the transport layer could tolerate higher keepalive times (say beyond 20 seconds). For such sensitive applications an appropriate value commensurate to the tolerable delay may be configured to offer a good balance between battery saving potential and desired keepalive times.

Option B) could be applied for RRC_IDLE mode UEs with higher values (for e.g. even up to 30-40 seconds) while in RRC_CONNECTED mode typically the values would be shorter (for e.g. less than 20 seconds or so).

Option B) could be extended to cover UE(s) which exhibit fixed transaction time (for e.g. their data transmission times are predictable). This is Option C) illustrated below.
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Figure 3: Combination of legacy DRX and direct extended DRX

In Figure 3, a UE configured as such would first execute N1 repetitions of a legacy DRX cycle (up to 5.12 seconds). Once complete, the UE enters into an extended DRX cycle, during which it is unreachable by the network. This option is similar to PSM. The main difference being that the UE is reachable with the legacy DRX cycle in N1 legacy DRX repetitions thus allowing for network paging. This option allows for an efficient sleep mechanism without compromising on missing a paging occasion due to possible reselection between cells.

Option C) suffers from the same constraint as Option B) as regards to possible timeout of application layers as mentioned in an earlier paragraph. Also this option could be applied equally to RRC_IDLE and RRC_CONNECTED mode. However, for large values of extended DRX period operating in RRC_IDLE is more suited.  

Instead of executing extended DRX, a UE could be configured to execute the long DRX after N1 repetitions of legacy DRX. This is summarized in Option D) below.
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Figure 4: Combination of legacy DRX and long DRX
In Figure 4, a UE configured as such would first execute N1 repetitions of a legacy DRX cycle (up to 5.12 seconds). Once complete, the UE enters into the long DRX cycle. Such a mechanism allows UEs with variable transaction times still to benefit from battery life savings. However compared to Option C) a UE might not be able to gain significantly from battery savings because it is not having an extended DRX operation. Option D) could be more favorable to applications that require shorter keepalive times in RRC_CONNECTED mode. Similar to Option C), larger values of the long DRX are more suited for RRC_IDLE operation with more nimble network monitoring compared to Option C). 

In some scenario, it might be advantageous to allow the UE to slowly drift between long and extended DRX. One reason to do that is to allow flexibility for the network to reach the UE in case some applications have a higher spread of transaction times which exhibit a high degree of variance.



Figure 5: Combination of legacy DRX, long and extended DRX


In Figure 5, a UE configured as such would first execute N1 repetitions of a legacy DRX cycle (up to 5.12 seconds). Once complete, the UE enters into a long DRX cycle where is executes N2 repetitions of the configured period. Once this time period elapses, a UE would drift into the extended DRX cycle where it potentially stays for several 10’s of minutes. Such a mechanism allows UEs with variance in transaction times still to benefit from battery life savings and also ensure reachability from the network before drifting into potentially higher values of the extended DRX (as an example say roughly  for 30 minutes or so).

Option E) adds a higher degree of complexity because the UE and the network will have to keep track of the phase. This option is most suitable for RRC_IDLE.

6.4.x.4 Impact of MIB reading on battery life time

The impact of MIB reading is evaluated assuming that on average the UE is required to be “awake” an additional 40 ms (MIB repetition interval of 80 ms) with an Rx power consumption of 50 mA during that time. Using the same power consumption model in Annex A the battery life time for a UE in eDRX with MIB reading (assuming deep sleep mode = 0,05 mA) can be calculated: 

	Sleep time (min)
	Life time without MIB reading (year)
	Life time with       MIB reading (year)
	Reduction due to MIB reading

	0,2
	0,38
	0,35
	-7,9%

	0,5
	0,81
	0,75
	-7,4%

	1
	1,34
	1,25
	-6,7%

	2
	2,12
	2
	-5,7%

	5
	3,37
	3,24
	-3,9%

	10
	4,23
	4,13
	-2,4%

	30
	5,12
	5,07
	-1,0%

	45
	5,31
	5,27
	-0,8%

	60
	5,4
	5,38
	-0,4%


The impact of MIB reading on the battery life time for a UE in eDRX is limited, therefore it is that a UE in eDRX shall re-acquire MIB when waking up. 
6.4.x.5 Quick return into PSM mode

RAN2 discussed solutions to enable a quick return into PSM mode after the device has completed small data transmissions. RAN2 identified two basic solutions: UE-based and NW-based solution. RAN2 will discuss the pros and cons of the two approaches during the work item phase to enable a more quick return into PSM mode. 
7
Impact on RAN WGs

7.2 Impact on RAN2 specifications

RAN2 specifications, e.g. 3GPP TS 25.300, 3GPP TS 25.306, 3GPP TS 25.331 may be impacted to introduce the access control enhancements.
RAN2 specifications, e.g. 3GPP TS 25.308, 3GPP TS 25.304, 3GPP TS 25.331 may be impacted to introduce the DRX enhancements.
7.3
 Impact on RAN3 specifications

RAN3 specifications, e.g. 3GPP TS 25.413, 3GPP TS 25.433 may be impacted to introduce the DRX enhancements.
7.4
 Impact on RAN4 specifications

RAN4 specifications, e.g. 3GPP TS 25.133 may be impacted to introduce the DRX enhancements.
8
Conclusions
8.x
TSG RAN WG2

RAN2 studied the impact of a large number of devices accessing the system. From this study RAN2 identified two scenarios where the access control can be improved with the use of Access Group based access control: 

· Access control in CELL_PCH and URA PCH without seamless transition to CELL_FACH

· Access control in URA_PCH with seamless transition to CELL_FACH

RAN2 also studied DRX enhancements to increase the battery lifetime of small data devices. RAN2 studied both a longer DRX up 40 sec within the legacy SFN range, and an extended DRX beyond the SFN range for both Idle and Connected mode:

· Long DRX (DRX < SFN limit):

· With long DRX the battery life time is further improved compared to the legacy DRX. However the power savings are limited due to the limited sleep time duration (maximum 40 sec). The longer wake-up time from a deep sleep mode does not allow the UE to fully exploit the potential of deep sleep mode with long DRX. To avoid MIB reading a second PICH (but the same PCH) can be used to page the UE in long DRX for system information change. 

· Extended DRX (DRX > SFN limit):

· With an extended DRX, i.e. a long sleep time duration, the UE can obtain the full potential of deep sleep mode. With minor impact on the battery lifetime the UE can check MIB for any system information changes when waking up from deep sleep. 

RAN2 discussed two options for an eDRX solution (event-based and hyper SFN-based), which have in common that there is a paging window where the UE can be reached during the legacy paging occasions. The options differ in the way the paging window is synchronized between UE and network.
RAN2 discussed the potential impacts on UE measurements with long and extended DRX. RAN4 may have to evaluate the potential impact on RAN4 requirements. In the context of DRX enhancements RAN2 also discussed cell (re-)selection, mobility, negotiation of DRX parameters and DRX parameter values.
RAN2 discussed potential options to enable quick return into PSM mode: UE-based and NW-based solution.  
RAN2 studied the seamless URA_PCH state transition to CELL_FACH and extended HRNTI, see [x] for the conclusions. 
Annex A: Power consumption model

To assess the potential power savings with a long DRX cycle up to 40.96 seconds the following reference model is used: 

Table A.1: Power consumption model
	Aspect
	Value
	Unit

	Battery:
	
	

	AA lithium 3.6 V
	2.5
	Ah

	Power consumption:
	
	

	Rx
	50
	mA 

	Tx 
	50
	mA 

	Sleep mode (DRX)
	0.5
	mA 

	Deep sleep mode (PSM)
	0.05 (– 0.005)
	mA 

	Deep sleep mode (smart phone)
	0.2
	mA

	Ramp-up/down 
	25
	mA 

	Small Data Traffic (TS 25.705):
	
	

	Packet size UL
	100
	bytes

	Packet size DL
	100
	bytes

	Frequency (high)
	60
	seconds (every minute)

	Frequency (medium high)
	3600
	seconds (every hour)

	Frequency (medium low)
	86400
	seconds (every day)

	Frequency (low)
	2628000
	seconds (every month)

	Durations:
	
	

	PICH monitoring
	10
	msec

	Ramp-up
	14
	msec

	Ramp-down
	6
	msec

	Intra-frequency measurements
	10
	msec

	Inter-frequency/iRAT measurements (30% of wake-ups)
	10
	msec


Sleep mode is the power consumption level during sleep time in DRX. Deep sleep mode is the power consumption level during sleep time in PSM mode. The power consumption during sleep time is dependent on the UE implementation, and not directly coupled to the sleep duration: 

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, requires longer time to wake-up, etc.

The power consumption model does not claim to be accurate in every detail, and variation in modem implementations and use cases do exist. However the model aims to capture the main components in the correct order of magnitude.
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