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1 Background
The impact of long and extended DRX on legacy UEs was discussed in RAN2#89bis [1]. It was proposed in [1] that a UE in long or extended DRX should check the MIB when waking-up (to avoid impact on legacy UEs to indicate system information change via paging for UEs in long/extended DRX). In [2] it was proposed to introduce a second PICH for UE configured with long DRX. No agreement was reached in RAN2#89bis about this topic.
In this contribution the MIB reading and second PICH is discussed more. Also the battery life time of long DRX with deep sleep is evaluated. Furthermore the signalling for DRX up to 40 sec and measurements with a long DRX < 40 sec are shortly discussed.
2 Discussion
2.1 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 as before [3] 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 proposed:

Proposal 1: A UE in eDRX shall re-acquire MIB when waking up. 

Similar for a UE in long DRX < 40 sec and sleep mode the impact on battery life time of MIB reading can be calculated (assuming sleep mode = 0,5 mA):
	DRX cycle  (msec)
	Life time without MIB reading (year)
	Life time with MIB reading (year)
	Reduction due to MIB reading

	10240
	0,47
	0,43
	-9%

	20480
	0,52
	0,49
	-6%

	40960
	0,54
	0,53
	-2%


2.2 Second PICH

The impact of system information change on legacy and UEs in long DRX can be avoided, by using a second PICH for UEs in long DRX, as proposed in [2]. However this requires the NW to support a second PICH for paging with long DRX, require an additional network resource for the second PICH (scrambling code) and increase downlink power (legacy BCH is not DTX-ed).

Proposal 2: RAN2 to discuss if a second PICH is justified to avoid MIB reading for UEs in long DRX. 

2.3 Long DRX battery lifetime
In this section the battery life time for DRX < 40 sec with sleep mode and deep sleep mode performance is evaluated:
	DRX cycle  (msec)
	Life time sleep mode (year)
	Life time deep sleep mode (year)
	Battery lifetime increase (%)

	320
	0,07
	0,02
	-71%

	640
	0,13
	0,04
	-69%

	1280
	0,21
	0,08
	-62%

	2560
	0,3
	0,16
	-47%

	5120
	0,4
	0,31
	-23%

	10240
	0,47
	0,58
	23%

	20480
	0,52
	1,05
	102%

	40960
	0,54
	1,78
	230%


The following performance figures are assumed:
	Aspect
	Sleep mode
	Deep sleep mode

	Power consumption
	0,5 mA
	0,05 mA

	Wake-up time
	14 msec
	150 msec


From this analysis it can be observed that with legacy DRX the deep sleep mode does not pay off, due to the longer wake-up time (150 msec) and the power consumption during wake-up (50 mA) with deep sleep. The use of deep sleep mode starts to pay-off with a sleep duration of 10 sec or longer. 
Observation 1: The battery life time of legacy DRX is not further improved with the use of deep sleep mode instead of sleep mode due to the longer wake-up time for deep sleep mode

Observation 2: The battery life time of long DRX can be further improved with the use of deep sleep mode instead of sleep mode, however the gain is limited due to the longer wake-up time and the relatively short sleep duration
2.4 Signalling for long DRX < 40 sec

In this section the potential signalling to configure long DRX up to 40 seconds is discussed. It is assumed that the NAS signalling, as used for eDRX configuration, is used for long DRX up to 40 seconds as well: 
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The proposed signalling includes the following principles:

· The long DRX coefficient is negotiated between UE and CN via NAS signalling, i.e. the UE can propose values, but the NW configures the final values in the UE. 

· The RAN can indicate support for long DRX in system information, i.e. only when the cell indicates support for long DRX then the configured long DRX in the UE is used, otherwise the legacy DRX used. The CN shall indicate the configured long DRX in the UE in the paging message to the RAN. 

· In PCH state the RNC has the the option to configure a long DRX via dedicated signalling in the UE (similar as with legacy PS DRX coefficient), if long DRX parameter is signalled from CN in the Paging message. 
After the UE has negotiated a long DRX up to 40 sec via NAS during ATTACH/RAU the CN know that this UE may respond slower to paging then legacy UEs that use a shorter DRX cycle length. The RAN is also informed about a long DRX cycle. It is assumed that the RAN and CN can handle the additional paging latency and associated buffering for a UE that is configured with a long DRX up to 40 sec. The CN may use this configuration information to handle CN initiated NAS procedures. It is assumed that there is no need to coordinate the paging occasion with long DRX up 40 sec with the CN (similar as the coordination of the start of the paging window with eDRX). Otherwise, there is an impact if the UE enters a UTRAN cell that supports Long DRX and the paging delay is increased. It would need to inform the CN so that the appropriate actions can be taken.
2.5 Long DRX measurements

The feasibility to extend the legacy DRX measurement framework up to 40 seconds was discussed [4]:  
	DRX cycle length [s]
	Nserv [number of DRX cycles]
	TmeasureFDD [s] (number of DRX cycles)
	TevaluateFDD [s] (number of DRX cycles)

	0.08
	4
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)

	0.16
	4
	0.64 (4)
	2.56 (16)

	0.32
	4
	1.28 (4)
	5.12 (16)

	0.64
	4
	1.28 (2)
	5.12 (8)

	1.28
	2
	1.28 (1)
	6.4 (5)

	2.56
	2
	2.56 (1)
	7.68 (3) 

	5.12
	1
	5.12 (1)
	10.24 (2)

	10.24
	1
	10.24 (1)
	20.48 (2)

	20.48
	1
	20.48(1)
	40.96(2)

	40.96
	1
	40.96(1)
	81.92(2)


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, and RAN4 is the working group to set the requirements. The following options (and variants thereof) can be identified as potential outcome of such analysis for a DRX up to 40 seconds:

1. Full mobility is supported
2. Limited mobility is supported (e.g. slow moving UE only)
3. Mobility is not supported 

4. Full mobility is supported, but measurements do no longer scale with DRX cycle length. UE has to wake-up only to perform measurements i.e. to maintain full mobility support

5. New measurement requirements, i.e. "PSM like" measurement requirements: no correlation with measurements in previous DRX cycle is assumed, i.e. UE may have moved out of the cell. 

It is noted that the long DRX solution only provide a single paging occasion between sleep periods, compared to multiple paging occasions during the paging window in eDRX. 
3 Summary

RAN2 is kindly asked to discuss the impact of long and extended DRX on legacy UE and capture any agreements in TR 25.705: 

Proposal 1: A UE in eDRX shall re-acquire MIB when waking up. 

Proposal 2: RAN2 to discuss if a second PICH is justified to avoid MIB reading for UEs in long/extended DRX. 
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