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1. Introduction

From the RAN2#81bis meeting, RAN2 has been discussing UEPCOP solutions. Among the candidates, “Extended DRX in idle mode” is likely to be a most potential solution. To support it, a few enhancements would be required. This paper will introduce the enhancements. 
2. Discussion
To support Extended DRX in IDLE, a few enhancements would be expected as follows:
· Negotiation for Extended DRX

· SFN extension

· SI change notification and update
· RRM measurements
· Paging Reliability

2.1 Negotiation for Extended DRX in IDLE
For enabling the extended DRX cycle in IDLE, UE and network should negotiate the extended DRX. This procedure would be different from current one, and it has been already described in TR23.887 very well. 

Fig. 1 shows the negotiation procedure for extended DRX cycle. Firstly, UE, eNB and MME should exchange their support for the extended DRX. For example, eNB and MME exchanges their support explicitly. Since the UE should travel through several eNBs without performing location update, it should ensure that the eNBs within an area served by core network node (e.g. TAs or MME pool area) support the extended DRX. If a few eNBs not supporting the extended DRX are allowable within same TA, some solutions might be required for the travelling UEs. The detail is FFS. UE capability can be informd to MME implicitly when requesting the extended DRX cycle value. If UE wants to use the extended DRX for power saving, it will request to use the extended DRX to MME during Attach or TAU. If accepted, UE ignores cell-specific DRX broadcast by eNB, and instead, adopts the extended DRX cycle. 
The MME needs to indicate eNB to adopt the extended DRX value in the paging message rather than current scheme, i.e. the shortest one of the UE-specific DRX value and a cell-specific DRX value.
Proposal 1: UE adopts the extended DRX allowed by MME, and then it ignores cell-specific DRX broadcast by eNB. 
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(a) Current negotiation procedure for DRX
   

(b) Negotiation procedure for extended DRX

Fig. 1 Negotiation procedure

2.2 On the extending SFN

If DRX is extended beyond SFN period, i.e. 10.24 sec, SFN should be also extended. Then the discussion on how the extended SFN bits is provided is required. 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 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


2.3 SI change notification and update


If DRX value to be extended is longer than the mofication period, UE could miss SI change notification informed by paging message as shown in Fig. 2. It means that UE will not try to receive the updated SI. The updated IS 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. 2 Problematic scenario in SI change notification and update with extended DRX


A simple solution is to extend modification period such that it can lengthen longer than extended DRX. However, even though this is a simple solution, there are a few drawbacks. Paging messages for SI change notification purpose should be transmitted during quite longer modification period, e.g. 30 minutes. It would result in signalling overhead. Furthermore, in current specification, modification period is a common value for all UEs. The updated SI is provided in next modification period. It takes long time until UE receives the update System Information. In extreme case, DRX value is set to 30 minutes, and then modification period is also set to a value longer than 1 hour. It means that UE should spend 30 minutes until receving the updated SI. 

Therefore, a reasonable solution is to read SI before paging occasion as shown in Fig. 3. This solution was already introduced in [3]. It provides significant gain for very longer DRX. 
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Fig. 3 SI reading before paging occasion 

Proposal 3: UE performs SI reading before PO for SI change notification and update in the case of the extended DRX.
2.3 RRM measurements
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.
2.4 Paging Reliability
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 would be serious if the extened DRX cycle is so long, e.g. a few days. A simple solution is to send multiple Pagings every a DRX cycle. Via a SIB, the eNB would provide the configuration information such as the number of Pagings per paging occasion and interval between the multiple Pagings. 
Proposal 5: RAN2 to discuss the multiple Pagings to improve the reliability for Paging reception. 


Consequently, the detailed procedure for Extended DRX in IDLE is given by Fig. 4. 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 Pagings to UE to improve the success probability of Paging reception.
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Fig. 4 Detailed procedure for Extended DRX in IDLE
3. Conclusion
Proposal 1: UE adopts the extended DRX allowed by MME, and then it ignores cell-specific DRX broadcast by eNB. 

Proposal 2: It is more reasonable to deliver additional SFN bits through SIB rather than MIB.
Proposal 3: UE performs SI reading before PO for SI change notification and update in the case of the extended DRX.
Proposal 4: RAN2 to send a LS to RAN4 to ask the more loose measurement performance for (re)selection.
Proposal 5: RAN2 to discuss the multiple Pagings to improve the reliability for Paging reception. 
4. References

[1] 3GPP TR 23.887 V0.8.0: Machine-Type and other Mobile Data Applications Communications Enhancements (Release 12).

[2] S2-130645, LS on requesting input on MTCe solutions. 
[3] R2-131793, UE power consumption gain for the extended DRX, Samsung. 

5

_1436878991.vsd
UE


eNB


MME


2. SIB2 (Cell-specific DRX)


3. Decide low power consumption


4. Attach Request 
(Requesting a UE-specific Extended DRX)


5. Attach Accept (accept)


6. Ignore Cell-specific DRX


7. SIBx (Extended SFN)


1. eNB Capability for Extended DRX


8. PAGING
(Extended DRX)


9. Apply Extended DRX


10. Paging



_1436879279.vsd
Longer DRX cycle



_1437501277.vsd
텍스트�

UE


eNB


MME


1. Negotiation for Extended DRX


2. Apply Extended DRX


3. SIBx
 (Extended SFN, Paging configuration)


4. SI reading (if SI reading before PO is applied) 
& one-shot measurement


5. PAGING


7. Multiple pagings


�

6. A Paging Occasion



_1436879251.vsd
Longer DRX cycle



_1436878976.vsd
UE


eNB


MME


2. Attach request
(UE specific DRX cycle)


3. Attach accept


5. PAGING
(UE specific DRX cycle)


7. Paging


6. DRX is set to 
min(UE specific, Cell specific)


1. SIB2 (Cell specific DRX cycle)


4. DRX is set to
min(UE specific, Cell specific)



