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1. Introduction

In RAN#67, a new WI: RAN enhancements for extended DRX in LTE was approved [1]. This paper will suggest some general agreements as a starting point of the discussion. And, some considerations will be introduced in order to support the extended DRX, especially when the DRX cycle is lengthened beyond 10.24 seconds.
2. Discussion
According to WID, we have to improve the power consumption for UEs that only need to wake-up infrequently (e.g. every few or tens of minutes) for MT data. For the UEs, both the current DRX cycles and PSM cannot provide an efficient solution. In the current specification, the DRX cycles can be at most 2.56 seconds. PSM is suitable to UEs having very long access interval, e.g. a few hours or days. If UE tries to access every tens of minutes, PSM would just result in heavy signalling overhead. In the DRX extension, the DRX cycle of 10.24 seconds is a meaningful value because the cycle beyond 10.24 seconds involves some remarkable enhancements. Nevertheless, it is supportable and useful to extend the DRX cycle beyond 10.24 seconds. The DRX extension can be considered in both the connected mode and the idle mode.
Proposal 1: DRX cycle beyond 10.24 seconds is supported for DRX enhancements in Rel-13.
In the current specification, the value of 10.24 seconds means SFN period and maximum modification period, and it has been designed that the DRX cycle cannot exceed over 10.24 seconds. If DRX is extended beyond 10.24 seconds, SFN should be also extended. Then one issue is how to configure the extended SFN. In legacy, 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 to UEs. The additional bits can be transmitted over either MIB or SIB. 

MIB contains the essential information such as Downlink bandwidth, PHICH configuration and SFN. Since MIB has still 10 spare bits, it is possible to increase the total number of bits allocated to indicate SFN. The 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 new SFN extended with additional bits. Table 1 shows maximum DRX cycle according to the number of additional 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 seems big overhead to use the spare bits for the MTC devices only.

Another solution is to deliver additional SFN bits through SIB. Compared to MIB, SIB has a room enough to reserve additional SFN bits. 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 acquire the additional bits. The value indicated in the additional bits is increased by 1 per an original SFN cycle. The update of the bits doesn’t result in triggering systemInfoModification IE or an update of systemInfoValueTag. Accordingly, the normal UE will not try to update the SIB. 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.
Table 1 Maximum DRX cycle according to extended SFN bits

	Extended SFN 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


Proposal 2: If DRX cycle beyond 10.24 seconds is applied, the additional SFN bits for SFN extension are provided via either MIB or SIB.
If the extended DRX cycle is longer than the modification period, UE could miss SI change notification informed by the paging message as shown in Fig. 1. It means that UE will not try to receive the updated SI. The missing of the SI change notification could interrupt the UE to receive the PDCCH or Paging at the coming Active time of DRX process. Or due to missing SIB14, MTC device could try to access even though its access has been barred. Accordingly, a mechanism is required to solve this problem. 
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Fig. 1 Problematic scenario in SI change notification and update with extended DRX


A simple solution is to extend modification period so that it can lengthen longer than extended DRX. If DRX cycle is not extended very long, e.g. up to 10.24 seconds, it would be a possible solution. If not, it has a few drawbacks. For example, the paging messages for SI change notification purpose should be transmitted during the modification period. If the extended DRX is set to 10 minutes, it means that the eNB has to transmit the paging messages to notify the SI update longer than the 10 minutes. Also, the updated SI is provided in next modification period after the period transmitting the paging messages. It means that UE has to spend long time acquiring the updated System Information. Finally, since the modification period is a common value for all UEs, a separate period might be needed for the MTC devices only.

Therefore, a reasonable solution is to read SI before paging occasion (or Active time) as shown in Fig. 2. This solution was already introduced in [2]. It also involves the mobility support. But the solution is not desirable to the case that the extended DRX is not extended very long, e.g. up to 10.24 seconds. In that case, the overhead due to the frequent SI reading can happen even though the actual SI change doesn’t occur. Accordingly, we can selectively apply either extending the modification period or reading SI before paging occasion depending on the extended value of DRX cycle.
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Fig. 2 SI reading before paging occasion 
Proposal 3: If DRX cycle is extended with very long value, UE shall read SI before paging occasion or Active time.

An enhancement for the current measurement mechanism could be required for the extended DRX cycle. For example, in the current specification TS36.133, IDLE UE performs the measurements every DRX cycle, and averages at least two measurement samples to determine a cell re-selection. If the longer DRX cycle, i.e. a few minutes or hours, is applied, it would not make sense that two samples being apart from each so far away are averaged. Accordingly, for the extended DRX only, more loose measurement performance might be allowable. As a potential solution, one measurement sample could be acceptable for only the case of the extended DRX. Or the multiple measurement samples are collected every DRX cycle while considering a short time interval between the samples. If DRX is extended, RAN2 needs to ask the loose measurement performance to RAN4.
Proposal 4: RAN2 to send a LS to RAN4 to ask the more loose measurement performance for (re)selection.
Another problem due to longer DRX cycle is that MTC device has to wait for so long time if a Paging reception fails. The problem might be serious if the extended DRX cycle is so long, e.g. a few hours. A simple solution is to send multiple Pagings every paging occasion. By using the system information, the eNB would provide the configuration information such as the number of paging messages to be sent and interval between the paging messages.
Proposal 5: In order to improve the reliability on the paging reception, a multiple pagings mechanism is introduced in RAN2.
Consequently, the detailed procedure for the extended DRX is given by Fig. 3. Firstly, UE, eNB and MME perform a negotiation to decide whether to apply the extended DRX. If MME allows the request for extended DRX, UE applies the extended DRX. For supporting the extended DRX, eNB broadcasts the relevant information such as extended SFN bits, multiple paging configuration and so on. If SI reading before PO is applied, UE wakes up before PO to read SI. A (re)selection is preformed before SI reading. During the (re)selection, UE could utilize one-shot measurements. At a PO, the eNB sends multiple paging messages to UE to improve the success probability of paging reception.

[image: image3.emf]UE eNB MME

1. Negotiation for Extended DRX

2. SI change notification and update:

Depending on length of Extended DRX,

Apply either Alternative 1 or 2

3. SIBx

(Extended SFN, # of transmission and interval for multiple Pagings)

4. SI reading (if Alternative 2 is applied) 

& one-shot measurement

5. PAGING

7. Multiple pagings

6. A Paging Occasion


Fig. 3 Detailed procedure for Extended DRX
3. Conclusion
It is proposed that
Proposal 1: DRX cycle beyond 10.24 seconds is supported for DRX enhancements in Rel-13.
Proposal 2: If DRX cycle beyond 10.24 seconds is applied, the additional SFN bits for SFN extension are provided via either MIB or SIB.

Proposal 3: If DRX cycle is extended with very long value, UE shall read SI before paging occasion or Active time.

Proposal 4: RAN2 to send a LS to RAN4 to ask the more loose measurement performance for (re)selection.
Proposal 5: In order to improve the reliability on the paging reception, a multiple pagings mechanism is introduced in RAN2.
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