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1. Introduction

SA2 is working on the MTCe (Machine-Type and other mobile data applications Communications Enhancements) work item. UEPCOP (UE Power Consumption Optimizations) is one of the main issues in the WI [1]. So far, SA2 has discussed several solutions for MTC devices to save the power consumption, and asked the opinion from RAN2 for RAN2 impact, applicability and any other aspect of the solutions with a LS S2-130645 [2]. Through the solutions, we can see that the extended DRX cycle is main concept for UE power saving. 
An issue is how long the DRX cycle has to be extended. Another issue is how to extend the DRX cycle. This paper will observe the above issues and then the preferred method to extend DRX cycle will be discussed.

2. Discussion
2.1 General
Since the most MTC devices usually use battery or generate electricity by themselves, it is a critical issue to use their power efficiently.

The UE is forced to consume its power for monitoring channels in order to check whether a paging for the UE arrives from eNB. In LTE, IDLE UE shall monitor PDCCH per DRX cycle to save its power. In the current specification, the DRX cycle set to one of {320, 640, 1280, 2560} ms is limited by SFN. Accordingly, the DRX cycle can be increased at most by 10240 ms without SFN extension. If the DRX cycle more than 10240 ms is required for the power saving purpose, SFN should be also extended. 
· The longer DRX cycle of 10.24 sec is satisfied? 
In general, these kinds of devices need not communicate MTC server frequently and the server may try to connect the devices at few times per day or month. Their services are mostly delay-tolerant except for emergency purpose. Furthermore, they are stationary, i.e. not moving. Accordingly, the approach to save power consumption by extending DRX cycle can provide a significant gain. Obviously, the gain depends on the extened DRX cycle. For MTC devices connecting once per month, 10.24 sec is still so short cycle. Therefore, RAN2 need to discuss lengthening SFN length. 
Proposal 1 : RAN2 starts discussing longer SFN length to maximize the gain for extended DRX cycle. 
2.2 Extending SFN
In the current specification, total 10 bits are used to indicate SFN. 8 bits are delivered via MIB, and 2 bits are implicitly provided with the Synchronization Signal. In order to extend SFN length, the additional SFN bits should be delivered. It is possible to transmit the bits in either MIB or SIB. For backward compatibility, the additional bits are used for MTC device only.
MIB contains the essential information such as Downlink bandwidth, PHICH configuration and SFN. In MIB, 8 bits are allocated to SFN. Since MIB has 10 spare bits, it is possible to extend the number of bits allocated to SFN. Normal UEs can perform the existing DRX by using MSB 8 bits originally allocated to SFN. On the other hand, MTC devices perform longer DRX by using full SFN with extended bits. Table 1 shows maximum DRX cycle according to the number of extended bits for SFN. Extending SFN on MIB is a simple solution. However, since MIB contains only the essential information for UE to connect to eNB, it is big overhead to use the spare bits for MTC device only.
Another solution is to deliver additional SFN bits through SIB. Compared to MIB, SIB has a room enough to reserve additional SFN bits, which are used to extend SFN cycle. It is FFS on which SIB carries the information. The MTC device only requiring the longer DRX cycle will read the SIB including the additional SFN bits. MTC devices perform longer DRX by using additional SFN bits together with the original SFN. The normal UE need not read the SIB. Also, the value indicated in the additional bits is increased by 1 per an original SFN cycle. The update of the SIB doesn’t result in triggering systemInfoModification IE or a update of systemInfoValueTag. Accordingly, the normal UE will not try to update SIBs. For the optimization, it is not necessary to deliver the additional SFN bits every a radio frame because the content of the bits are same within a SFN cycle. To reduce the overhead, the additional SFN bits can be delivered through SIB transmitted less frequently. 
From the above observations, it is more reasonable to deliver additional SFN bits through SIB rather than MIB, in order to avoid MIB burden and the impact to the normal UEs.

Proposal 2 : It is more reasonable to deliver additional SFN bits through SIB rather than MIB.
Table 1 Maximum DRX cycle according to extended bits

	Extended Bits
	DRX cycle (sec)

	1
	20.48

	2
	40.96

	3
	81.92

	4
	163.84

	5
	327.68

	6
	655.36

	7
	1310.72

	8
	2621.44

	9
	5242.88

	10
	10485.76 (≈3 hours)


3. Conclusion
From the above observation, we would like to propose:

Proposal 1 : RAN2 starts discussing longer SFN length to maximize the gain for extending DRX cycle. 

Proposal 2 : If RAN2 agrees to extend SFN length, it is more reasonable to deliver additional SFN bits through SIB rather than MIB.
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