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1. Introduction

According to SA2 discussion results in TR23.887 [1] section 7 “UE Power Consumption Optimizations (UEPCOP)”, extended DRX cycle with longer values allowing the UE to save battery as waking up and listening for a potential paging message is one major power consumption optimization solution for IDLE mode MTC device. 
In this document we will discuss how to support such extended long DRX cycle for IDLE mode MTC device in the RAN which would have the extra longer DRX cycle great than the maximum SFN time length.
2. Discussion

2.1.
Current DRX for idle mode UE
As we know that for the IDLE mode UE the DRX mechanism is used for the UE to monitor the paging message and saving power. In RRC_IDLE state, UE can use DRX to monitor the paging message only in the special subframes. According to the paging DRX, Page radio frame number (PF) and paging occasion of the subframe number in this radio frame (PO) can be calculated according to the system configuration parameters and UE IMSI. So in a DRX cycle, UE just needs to receive PDCCH in specific paging time once, and at other times it turn to sleeping state in order to save power. 
While at RRC_IDLE state, UE is only in DRX mode. In TS36.304 [2] for idle mode UE processing there define how to use DRX mechanism to keep the paging monitoring. In [2] the Paging Frame (PF) number and Paging Occasion (PO) subframes number calculation is defined as following:
Paging radio frame number (PF): [image: image2.png]SFN mod T

(T Div N) = (UE_ID mod N)



 
Index i_s pointing to PO from subframe pattern: [image: image4.png]i_s = floor (UE_ID /N)mod Ns




The corresponding parameters are:
· T: DRX cycle of UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
The default DRX cycle for the IDLE mode UE is equal to the default paging cycle which is broadcasted in the cell within SIB2 defined as following in currently in RRC protocol TS36.331 [3]:
PCCH-Config ::=





SEQUENCE {


defaultPagingCycle




ENUMERATED {












rf32, rf64, rf128, rf256},


nB








ENUMERATED {












fourT, twoT, oneT, halfT, quarterT, oneEighthT,












oneSixteenthT, oneThirtySecondT}

}

· nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.
· N: min(T,nB) which refers to the number of paging frames in one DRX cycle
· Ns: max(1,nB/T). It would be 1,2 or 4 which refers to the number of subframes, ie. POs, in one paging frame.
· UE_ID: IMSI mod 1024. IMSI is given as sequence of digits of type Integer (0..9).
The subframe patter is defined as:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


Currently the maximum paging cycle, i.e. DRX cycle, is 2.56 seconds. The System Frame Number (SFN) right now is setting value cycle from 0~1023. One SFN cycle time would be 10.24 seconds. It is clearly that the maximum DRX cycle is less than the SFN cycle. It can guarantee the PF and PO calculatation results are exclusive in one DRX cycle and UE only wake up one time per DRX cycle for paging mornitoring. 
2.2.
Problem of extended long DRX cycle for idle MTC device power saving
In order to reduce the power consumption in idle mode, the MTC device had better to wake up not frequently to monitor the paging message. It is based on the assumption that these MTC devices are delay tolerant and infrequently transmission. So the extra longer DRX cycle are needed. 
The extended long DRX cycle value would be possibly greater than one SFN cycle value, for example 64 times SFN cycle (64*10.24s=655.36s). If we still using current PF/PO determination scheme, there would be the problem that the PF and OP calculation results would be conflict and we cannot let the MTC device to wake up one time in each extra long DRX cycle. It cannot achieve the power saving purpose.
2.3 Proposed method to support extended long DRX cycle
     2.3.1 Extended long DRX cycle value setting and its default value broadcast via SIB2
The extended long DRX cycle length would be set with some enumeration value as the multiple times of the SFN cycle length such as 1, 2, 4, 8, 16, 32, 64 and etc times of SFN cycle. For example we can define the maximum number of extended long DRX cycle length as 64 times of SFN cycle which is 655.36 seconds around 11 minutes. Of course you can define much greater value if necessary. But it is better to be set as the multiple powers of 2 times to the SFN cycle length.
This default extended long DRX cycle length can be broadcast in the SIB2 as the added IE in following：

defaultExtendLongPagingCycle

ENUMERATED {











sfnCycle1, sfnCycle2, sfnCycle4, sfnCycle8,











sfnCycle16, sfnCycle32, sfnCycle64}
	RadioResourceConfigCommon field descriptions

	defaultExtendLongPagingCycle
Value sfnCycle1 corresponds to 1024 radio frames, sfnCycle2 corresponds to 2048 radio frames and so on.


Another option to define the extended long DRX cycle value is setting it as a multiple of default paging cycle. Then it would be easier to keep tracking as UE wakes up once every x paging cycles and the two will run in synchronization. To reduce the signalling overhead it also can be defined as 2, 4, 8, 16, 31, 64, 128, 256 times of current cell default paging cycle. With this option the added IE of the default extended long DRX cycle length in the SIB2 can be defined as following:


defaultExtendLongPagingCycle

ENUMERATED {



defaultPagingCycle2, defaultPagingCycle4, defaultPagingCycle8, defaultPagingCycle16,



defaultPagingCycle32, defaultPagingCycle64, defaultPagingCycle128, defaultPagingCycle256}
	RadioResourceConfigCommon field descriptions

	defaultExtendLongPagingCycle
Value defaultPagingCycle2 corresponds to 2 times of cureent cell default paging cycle, defaultPagingCycle4 corresponds to 4 times of cureent cell default paging cycle, and so on.


The MTC device with power saving requirement can obtain this defaultExtendLongPagingCycle for using in its following idle mode DRX mechanism. At the same time defaultPagingCycle is ignored by other type MTC devices and normal UE.
Proposal 1: The extended long DRX cycle value can be defined as the multiple times of the SFN cycle length or the multiple times of current cell default paging cycle. Its default value can be broadcast to the MTC device via SIB2.
     2.3.2 SFN cycle index for extended long DRX cycle
In order to support the extension of long DRX cycle, the determination of the exact PF/PO for paging monitoring needs the assistant informaiton such as the SFN cycle index which indicates the current SFN cycle in one extended long DRX. It is the essential information for the MTC device and eNB to determine the certain position of paging radio frame. And it also needs the mechanism to align the SFN cycle within one extended long DRX cycle among MTC devices and eNB.
Observation 1: The SFN cycle index is the necessary information for the exact PF/PO position determination.
Here we propose 2 methods to provide the “SFN Cycle Index” informaiton to the MTC device. 
· Via SIB1:
Right now the system frame number is only transmitted in MIB. But the periodical transmission of SIB1 and MIB has some corresponding relationship. The radio frame that SIB1 existing there must exist the MIB. And the MTC device must acquire the SIB1 to camp on the cell. The MTC devices can easily obtain the corresponding relationship between the SFN in MIB and SFN cycle index in SIB1 when it received. So the via SIB1 to transmit the SFN cycle index is also a good alternative.
The eNB is responsible to count the SFN cycle index using abovementioned method and add the SFN cycle index corresponding to that radio frame into the SIB1 message if necessary.  It is clear that with SIB1 method we can support more SFN cycle index value than the MIB mthod because of the less critical of size for SIB1. 
The added IE in the SystemInformationBlockType1 can be illustrated as bellow:

sfnCycleIndex




INTEGER (0..maxSfnCycleIndex)

OPTIONAL,

If we need not support the extended long DRX cycle in a cell, then the “sfnCycleIndex” IE can be ignored. 
· Via MIB:
Another method is that eNB indicates a SFN cycle index with the current SFN in MIB via the system information broadcasting to MTC device. Then when the MTC device receives the SFN from MIB, it also can get the exact SFN cycle in the extended long DRX cycle of this cell. After that MTC device can synchronize the SFN cycle counting with the eNB. 
We can add SFN Cycle Index information into the MasterInformaitonBlock message. For example if we assume the maximum extended long DRX cycle equal to 64 times of SFN cycle, the added IE sfnCycleIndex to MIB is illustrated as following:
MasterInformationBlock
-- ASN1START

MasterInformationBlock ::=


SEQUENCE {


dl-Bandwidth





ENUMERATED {












n6, n15, n25, n50, n75, n100},


phich-Config





PHICH-Config,


systemFrameNumber




BIT STRING (SIZE (8)),

sfnCycleIndex





BIT STRING (SIZE (6)),

spare







BIT STRING (SIZE (4))
}

-- ASN1STOP

	MasterInformationBlock field descriptions

	sfnCycleIndex
Defines as 6 bits value of the SFN cycle index which would be the maximum value range from 1 to 64 which is corresponding to the maximum extended long DRX cycle value sfnCycle64. The value of 00000 is a abnormal case that means no extended long DRX cycle is supported in this cell. The normal UE without extra power saving requirement could ignore this value.


Here in order to not increase the number of bits of MasterInformationBlock signaling, we borrow 6 bits from the original “spare” IE in this message to the new added “sfnCycleIndex” IE.  
Considering the importance of MIB we should consider carefully to use the spare bits in current MIB because these 10 spare bits must last the lifetime of LTE extension. But SIB1 is less size critical than MIB. That mean via SIB1 we can support more extend long DRX cycle length which can be better adapt to the power saving requirement. 

Another option would be if RAN1 wants to extend MIB (which is also under discussion in RAN1).
These options to transmit the “SFN Cycle Index” information to the MTC devices for the extended long DRX cycle mechanism can be discussed further in RAN2.
2.3.3 Other considerations for extending DRX
Extending DRX can have other potential impact. Cell reselection performance may need to be relaxed. Further, UEs with extended DRX may not (depending on the cycle length used) be able to monitor SIB update paging messages and hence may not be able to have the latest SIBs.  This can be handled for example by having these devices read SIB before network access.
3. Conclusion

The method is shown here to support the extended long DRX cycle in RAN for the power saving MTC device considers the backward compatibility which would not impact on the existing normal UE. Otherwise, it is very flexible with the adjustable parameter setting and reuses current signaling procedures with limited addition to exchange the necessary information. It is shown that it is possible to extend DRX without significant impact on the existing protocol standard and also can achieve the purpose of MTC device power saving. 
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