3GPP TSG-RAN WG2 Meeting #89bis
R2-151508
Bratislava, Slovakia, 20 – 24 April 2015
Agenda item:

11.2.1
Source:
Nokia Networks
Title:
Impacts of longer DRX cycle
1
Introduction
In RAN#65, a new SI on Small Data Transmission Enhancements for UMTS was approved [1], one of its objectives is to consider a longer DRX cycle (compared to the 5.12 seconds maximum possible as of today) as potential power saving solutions:
	· Device power saving enhancements (for example extended DTX/DRX cycles**) (RAN1 RAN2)


In RAN2#89, some agreements for power saving enhancements were captured in [1], as below:

	Agreements on Extending DRX mechanisms
· We will study long/extended DRX in both idle and connected mode. For Idle mode, we should focus on delta compared to Rel-12, e.g. pros&cons vs PSM, impacts on legacy.

· We will study long/extended DRX for CELL/URA_PCH

· We will study long/extended DRX (above 5 sec and also above 40sec). Exact range is FFS


In this paper, we propose to discuss some system level aspects connected to long and extended DRX.

2
Impacts for a long DRX (up to 40.96 seconds)
2.1
Summary of aspects for long DRX
	Idle Mode UE 
	Normal paging (PCCH)  PCCH mapped to PCH (Paging Type 1) 
Paging for SI change   PCCH mapped to PCH (Paging Type 1) 
*ASPECT 1: Long/Extended DRX will unnecessary make legacy UEs wake up ‘n’ times per cycle. The number of times the legacy UE will wake up is decided by ‘n’  where 
n = (Long/Extended DRX cycle length)/(Configured legacy DRX cycle length) 
*ASPECT 1A (related to ASPECT 1): Legacy UEs battery drain will be more with longer DRX cycle higher. 

	URA PCH, CELL PCH 
	

	CELL FACH (legacy) 
	Normal paging (DCCH)  Paging Type 2 (using DCCH) 
Paging for SI change  SI Change Indication (BCCH) mapped to FACH 

	HS CELL FACH 
	Normal paging  Paging Type 2 (using DCCH) 
Paging for SI change  SI Change Indication (BCCH) BCCH specific H-RNTI 
*(ASPECT 2): DRX cycle causes disruption of user plane data when SI modification is in progress for these UEs.



In RAN2#89 companies have already brought to notice ASPECT 1/1A. In addition a solution has been offered for ASPECT 1/1A wherein instead of paging with long DRX, the Rel-13 UEs would decode the transport block carrying the MIB (REP is 80 msec) and thus determine if there is a SI information change or not by looking up and comparing the “Value Tag” from the MIB and the one locally stored by the UE. The UE may then update the SIBs. For ASPECT 2, there is no impact to long DRX as long as it is not being introduced in CELL FACH.
2.2
Summary of aspects for extended DRX
The structure of the SI broadcast is based on broadcasting in every transport block (of 20 msec TTI), 2 parts
· 11 bits of SFN-prime

· Actual System Information bits
The structure representing the same is described in [2] as follows:
-- ***************************************************

--

-- SYSTEM INFORMATION for BCH

--

-- ***************************************************

SystemInformation-BCH ::= SEQUENCE {


-- Other information elements



sfn-Prime





SFN-Prime,



payload 





CHOICE {




noSegment





NULL,




firstSegment




FirstSegment,




subsequentSegment



SubsequentSegment,




lastSegmentShort





LastSegmentShort,




lastAndFirst




SEQUENCE {





lastSegmentShort



LastSegmentShort,





firstSegment




FirstSegmentShort




},




lastAndComplete




SEQUENCE {





lastSegmentShort



LastSegmentShort,





completeSIB-List



CompleteSIB-List




},




lastAndCompleteAndFirst


SEQUENCE {





lastSegmentShort



LastSegmentShort,





completeSIB-List



CompleteSIB-List,





firstSegment




FirstSegmentShort




},




completeSIB-List



CompleteSIB-List,




completeAndFirst



SEQUENCE {





completeSIB-List



CompleteSIB-List,





firstSegment




FirstSegmentShort




},




completeSIB





CompleteSIB,




lastSegment





LastSegment,




spare5






NULL,




spare4






NULL,




spare3






NULL,




spare2






NULL,




spare1






NULL



}

}

Knowing the current SFN that the RAN is transmitting requires the UE to decode a BCH transport block and extract the 11 bits from the TB and extrapolate the 1 bit to build a 12 bit SFN value. The SFN value is then used in all the RRC functions requiring knowledge of the SFN of a cell.

Observation 1: The current value of SFN (12 bit) restricts the long DRX cycle not to exceed approx 41 seconds.
To support extended DRX, it is necessary for the UE to be able to count longer than 41 seconds. This means that there should be a mechanism to increase the value range of the SFN. The following possibilities exist: 

Option 1: SFN is extended within the network and UE independently (UE maintains an internal timer during extended DRX to count longer than 41 seconds).
Option 2: Additional SFN bits are broadcast on the air interface.
Option 3: The extended SFN is synthesized by the UE internally by extrapolation (SFN base time is 100 msec rather than 10 msec for e.g.).
Option 1 allows the UE and network to synthesize an extended DRX using the base SFN as a timer. However the issues related to clock drift at the UE and appropriate compensation should be investigated. The UE might have to wake up earlier to not miss a paging occasion.
There are different pros/cons of each of the above options. For e.g. Option 2 seems a simpler way forward but it requires the transmission of 6 bits to synthesize a DRX cycle of approximately an hour (52 minutes or so). If a longer value is desired, the number of bits must be larger.

Observation 2:  A larger number of bits for the SFN seem necessary to support an extended DRX cycle.
Considering Option 2, the point of transmission of these additional bits is important because these additional bits may not be transmitted as an extension of the current SFN-prime without causing impact to legacy UEs.

If we consider the Iub interface, the SFN and BFN is both 12 bit and have a specific function in Iub/Iur synchronization. The impact of an extended SFN should be investigated for NBAP/RNSAP impacts.
Observation 3:  Extension of the SFN has non-trivial impact to technical specifications.   
If we consider Option 3, the extended DRX could be synthesized without extending the SFN prime by considering 2 stages:

Stage 1 of long DRX (with 10 msec accuracy)

Stage 2 of extended DRX (with 100 msec accuracy i.e. the UE does not maintain SFN at 10 msec boundary but at 100 msec boundary). This requires a SFN reinterpretation during extended DRX time.

The derivation of Paging Occasion should be investigated for extended DRX cycle length to ensure network can reach the UE during extended DRX operation.

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 looks like this:

Paging Occasion = {(IMSI div K) mod DRX Cycle Length} + (n * DRX Cycle Length)
One option is to reuse the legacy equation for extended DRX cycle length. The other option is to use the legacy calculation and extrapolate this paging occasion into the final paging occasion as a function of the extended DRX cycle. Further study is needed to explore different options for UEs supporting extended DRX to arrive at their respective paging occassions.
3
Conclusion
In this discussion paper we have described aspects related to the longer and extended DRX. We propose the following:
Proposal 1: Study the impact to technical specifications due to extended DRX.   
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