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Introduction
In RAN #67 meeting, the WID [1] of “RAN enhancements for extended DRX (eDRX) in LTE” was approved. The specific objectives include: Extended idle mode DRX cycles is to provide power saving for UEs in idle mode. 3GPP TSG-RAN WG2 Meeting #90 agreements are as below.  

	Agreements:
· For idle mode, RAN2 agrees that the DRX should be extended past the current SFN limit of 10.24s.   From RAN2 point of view we see power consumption benefits of increasing the DRX cycle in order of minutes.   How many minutes it is FFS.  
· For connected mode, the DRX cycle can be extended up to 10.24sec.  FFS whether the DRX should be extended past 10.24s.  
· Respond to SA2 to capture the RAN2 agreements on idle mode and connected mode.  For connected mode, we will capture that RAN2 is still studying the impacts of extending past 10.24s and would like to ask SA2 input on CN impacts and acceptable ranges from SA2 point of view.  

For idle mode:
· FFS how the UE determines when to wake up (either using hyper SFN or timer based mechanisms).
· Once the UE wakes up the UE determines the PF/PO based on the legacy DRX formula/cycle (i.e. no change on the paging occasion computation).  
· To improve paging reliability, the paging message can be repeated on different the paging occasions determined using the legacy DRX formula for a certain time window.  FFS how the UE determines for how long to monitor for paging messages.  



After waking up, according to agreement, an UE configured with eDRX (eDRX UE) determines the PF/PO based on legacy DRX formula/cycle (i.e. no change on the paging occasion computation). In this paper, we would like to propose discuss how a UE configured with eDRX acquires system information updatethe way to change SI when an UE is configured with eDRX and the possible changes of the eDRX UE’s operations when eDRX UE receives paging messages by the legacy DRX formula/cycle.. 

Discussion
A UE configured with eDRX can sleep longer time than a legacy UE beyond 10.24s. As illustrated in the figure 1, the length of the extended paging DRX cycle can be longer than the length of the BCCH modification period. Hence, the UE may not recognize that system information is updated at a cell while sleeping in eDRX. As a result, when the UE wakes up from eDRX, it needs to check whether system information changes or not. 
The value tag in SIB1 can be used for this purpose. Namely, when the UE wakes up from eDRX, it should check the value tag in SIB1 and, if necessary, receive updated system information before reading paging.As we discussed during RAN2 study on MTC in Release 12, the eDRX UE would need to wake up a few time before its paging occasion to be ready with updated system information at a cell, as illustrated in figure 1. 
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Figure 1: eDRX operation with SI reading [1]
The systemInfoModification in paging is not so useful in this case because SI could be updated several modification periods before while UE sleeps in eDRX. However, UE can use the value tag in SIB1. When UE wakes up from eDRX sleep, UE can check the value tag in SIB1 before its paging occasion in order to check if SI is updated. This UE behaviour needs to be supported in order to cope with potential SI update which can occur during eDRX sleep [2]. 
Proposal 1: when a UE wakes up from eDRX sleep, itUE should check the value tag in SIB1 to be ready with updated system information before its paging occasionreading paging.
Assuming that a UE does not receive system information while sleeping in eDRX, when the UE initiates MO call, the UE may need to check system information change before initiating RRC connection establishment, because system information can change in eDRX. For instance, system information related to random access can change while a UE sleeps in eDRX. Thus, if the UE initiates random access for MO call, it needs to check system information change i.e. the value tag in SIB1 before performing random access.
Proposal 2: when a UE wakes up due to mobile originating RRC connection establishment, it should check the value tag in SIB1 before performing RRC connection establishment.
When a UE reads paging according to eDRX cycle, the UE can identify systemInfoModification in paging. In this case, the UE should currently need to receive system information change in the next modification period. However, such a legacy UE behavior would undermine power saving gain of eDRX operation because the UE may need to wake up to receive system information change in the middle of eDRX cycle.
We think that a UE performing eDRX need not always follow systemInfoModification in paging. Unless the UE should wake up during the next modification period e.g. due to MT call (when a paging message addresses its UE identity) or MO call, upon receiving systemInfoModification in paging, the UE performing eDRX should be allowed to avoid receiving system information change in the next modification period for power saving. 
Proposal 3: a UE configured for eDRX is allowed to ignore systemInfoModification in paging.
Paging is also used to notify UEs of warning messages such as ETWS and CMAS. It is unclear whether a UE configured for eDRX will be ETWS/CMAS capable, especially if this UE is a machine type device. 
Nevertheless, reception of ETWS/CMAS messages depends on the UE capability. Only ETWS/CMAS capable UEs can read ETWS/CMAS indication and will receive ETWS/CMA messages according to the indication. Thus, even though we do not know that a UE configured for eDRX will support ETWS/CMAS, if the UE is ETWS/CMAS capable, it seems reasonable that the UE should immediately receive ETWS/CMAS messages as currently specified in RRC. 
Accordingly, we think that a UE configured for eDRX should follow legacy behavior when it receives ETWS/CMAS indication in paging. That is, ETWS/CMAS capable UEs configured for eDRX shall receive ETWS/CMAS message immediately after reading ETWS/CMAS indication in paging regardless of eDRX cycle.
Proposal 4: ETWS/CMAS capable UEs configured for eDRX shall receive ETWS/CMAS message immediately after reading ETWS/CMAS indication in paging regardless of eDRX cycle (i.e. no change from legacy UE behavior).
When an eNB applies EAB at a cell, a paging message includes eab-ParamModification to inform EAB capable UEs in RRC_IDLE about a change of EAB parameters or that SIB14 is no longer scheduled. Considering that EAB is mainly used for MTC use case, a UE configured for eDRX could be likely EAB capable.
We think that a UE configured for eDRX can handle eab-ParamModification like systemInfoModification. A UE performing eDRX should be allowed to ignore eab-ParamModification in paging, unless the UE performs RRC Connection Establishment sooner or later e.g. due to MT call (when a paging message addresses its UE identity) or MO call. 
Proposal 5: a UE performing eDRX should be allowed to ignore eab-ParamModification in paging, unless UE performs RRC Connection Establishment sooner or later.
After waking up, according to the agreements, the eDRX UE determines the PF/PO based on legacy DRX formula/cycle (i.e. no change on the paging occasion computation).  By assuming Proposal 1, reading SI after waking up from eDRX, it would give impacts on the UE’s operations after receiving the paging message (i.e updating SI). 
This is not the legacy UE’s operation. Elements in paging messaging could apply differently for the eDRX UE. The next table shows the legacy UE’s operations. 
In the next, eDRX UE’s possible operations can be justified after receiving a paging message, compared with the legacy UE. 
1. Ue-Identiy in paging message
If the ue-Identity included in the PagingRecord, the eDRX UE will forward the ue-Identity and the cn-Domain to the upper layers. The eDRX UE should operate as the legacy UE. It is possible for the eDRX UE to do the next operation (i.e RRC_connection  request) 
2. UE-Identity in paging message, SystemInfoModificaiton 
If the ue-Identity included in the PagingRecord, the eDRX UE will forward the ue-Identity and the cn-Domain to the upper layers and update SI in the next BCCH modification period boundary. The eDRX UE should operate as the legacy UE. It is possible for the eDRX UE to do the next operation (i.e RRC_connection request). With this same reason, the eDRX UE should update SI in the next BCCH modification period boundary for the next behaviors. 
3. No Ue-Identity in PagingRecord, SystemInfoModification
In this case, it seems that the eDRX UE can sleep without updating SI. Because the eDRX UE will read SI after waking up from eDRX, updating SI before sleeping could be unnecessary operation. It seems that it would not cause any problem because of reading SI after waking up. 
4. No Ue-Identity in PagingRecord, etws-Indication
5. No Ue-Identity in PagingRecord, cmas-Indication
ETWS and CMAS are public warning messages. Upon receipt of these messages, an eDRX UE does not need to wait until the next modification period to receive PWS Notification in the system information, because the eDRX UE should acquire warning messages as soon as possible. To receive these warning messages quickly, the eDRX UE will re-acquires SIB1 immediately, i.e., without waiting until the next system information modification period boundary.
6. No Ue-Identity in PagingRecord, eab-ParaModification
If notification of Extended Access Barring (EAB) parameter change is included in paging message, the eDRX UE does not need to update SI. The purpose of this notification is to extend access barring. If the eDRX UE is supposed to sleep, it does not need to establish RRC connection request. This eDRX UE could read SI changes after waking up from eDRX just as the case of system change notification. 
Considering eDRX UE’s behavior of SI reading before paging occasion (PO), when the eDRX UE receives system modification information, or extend access barring (EAB) without its ue-Identity in PagingRecord, in paging message, it seems that eDRX UE does not need to read SI before going to sleep. It is able to acquire the system information change when waking up. This early sleeping will avoid unnecessary operation and save battery power not reading system information. The results summarize as below. 

	Appear in Paging message
	eDRX UE’s operation

	Ue-Identity in PagingRecord
	forward the ue-Identity and the cn-Domain to the upper layers

	Ue-Identity in PagingRecord, SystemInfoModification
	forward the ue-Identity and the cn-Domain to the upper layers and update SI in the next BCCH modification period boundary

	No Ue-Identity in PagingRecord, SystemInfoModification
	Can sleep without updating SI in the next BCCH modification period boundary

	No Ue-Identity in PagingRecord, 
etws-Indication
	re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification period boundary

	 No Ue-Identity in PagingRecord, 
cmas-Indication
	re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification period boundary

	No Ue-Identity in PagingRecord, 
eab-ParaModification, 
	Can sleep without updating SI in the next BCCH modification period boundary



Proposal 1: When the eDRX UE receives system modification information or extend access barring (EAB) without its ue-Identity in PagingRecord, in paging message, it seems that eDRX UE does not need to read SI before going to sleep.
Conclusion
Conclusion

In conclusion, we propose:
Proposal 1: when a UE wakes up from eDRX, it should check the value tag in SIB1 to be ready with updated system information before reading paging.
Proposal 2: when a UE wakes up due to mobile originating RRC connection establishment, it should check the value tag in SIB1 before performing RRC connection establishment.
Proposal 3: a UE configured for eDRX is allowed to ignore systemInfoModification in paging.
Proposal 4: ETWS/CMAS capable UEs configured for eDRX shall receive ETWS/CMAS message immediately after reading ETWS/CMAS indication in paging regardless of eDRX cycle (i.e. no change from the legacy UE behavior).
Proposal 5: a UE performing eDRX should be allowed to ignore eab-ParamModification in paging, unless the UE performs RRC Connection Establishment sooner or later.Proposal 1: When the eDRX UE receives system modification information or extend access barring (EAB) without its ue-Identity in PagingRecord, in paging message, it seems that eDRX UE does not need to read SI before going to sleep.
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5.3.2	Paging
[bookmark: _Toc413855637]5.3.2.1	General


Figure 5.3.2.1-1: Paging
The purpose of this procedure is:
-	to transmit paging information to a UE in RRC_IDLE and/ or;
-	to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change and/ or;
-	to inform about an ETWS primary notification and/ or ETWS secondary notification and/ or;
-	to inform about a CMAS notification.
The paging information is provided to upper layers, which in response may initiate RRC connection establishment, e.g. to receive an incoming call.
[bookmark: _Toc413855638]5.3.2.2	Initiation
E-UTRAN initiates the paging procedure by transmitting the Paging message at the UE's paging occasion as specified in TS 36.304 [4]. E-UTRAN may address multiple UEs within a Paging message by including one PagingRecord for each UE. E-UTRAN may also indicate a change of system information, and/ or provide an ETWS notification or a CMAS notification in the Paging message.
[bookmark: _Toc413855639]5.3.2.3	Reception of the Paging message by the UE
Upon receiving the Paging message, the UE shall:
1>	if in RRC_IDLE, for each of the PagingRecord, if any, included in the Paging message:
2>	if the ue-Identity included in the PagingRecord matches one of the UE identities allocated by upper layers:
3>	forward the ue-Identity and the cn-Domain to the upper layers;
1>	if the systemInfoModification is included:
2> re-acquire the required system information using the system information acquisition procedure as specified in 5.2.2.
1>	if the etws-Indication is included and the UE is ETWS capable:
2>	re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification period boundary;
2>	if the schedulingInfoList indicates that SystemInformationBlockType10 is present:
3>	acquire SystemInformationBlockType10;
2> if the schedulingInfoList indicates that SystemInformationBlockType11 is present:
3>	acquire SystemInformationBlockType11;
1>	if the cmas-Indication is included and the UE is CMAS capable:
2>	re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification period boundary as specified in 5.2.1.5;
2>	if the schedulingInfoList indicates that SystemInformationBlockType12 is present:
3>	acquire SystemInformationBlockType12;
1>	if in RRC_IDLE, the eab-ParamModification is included and the UE is EAB capable:
2>	consider previously stored SystemInformationBlockType14 as invalid;
2>	re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification period boundary as specified in 5.2.1.6;
2>	re-acquire SystemInformationBlockType14 using the system information acquisition procedure as specified in .4;

Paging
The Paging message is used for the notification of one or more UEs.
Signalling radio bearer: N/A
RLC-SAP: TM
Logical channel: PCCH
Direction: E‑UTRAN to UE
Paging message
-- ASN1START

Paging ::=					SEQUENCE {
	pagingRecordList				PagingRecordList 					OPTIONAL,	-- Need ON
	systemInfoModification			ENUMERATED {true}					OPTIONAL,	-- Need ON
	etws-Indication					ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension			Paging-v890-IEs						OPTIONAL
}

Paging-v890-IEs ::=			SEQUENCE {
	lateNonCriticalExtension		OCTET STRING							OPTIONAL,
	nonCriticalExtension			Paging-v920-IEs							OPTIONAL
}

Paging-v920-IEs ::=			SEQUENCE {
	cmas-Indication-r9				ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension				Paging-v1130-IEs				OPTIONAL
}

Paging-v1130-IEs ::=			SEQUENCE {
	eab-ParamModification-r11		ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}

PagingRecordList ::=				SEQUENCE (SIZE (1..maxPageRec)) OF PagingRecord

PagingRecord ::=					SEQUENCE {
	ue-Identity							PagingUE-Identity,
	cn-Domain							ENUMERATED	{ps, cs},
	...
}

PagingUE-Identity ::=				CHOICE {
	s-TMSI								S-TMSI,
	imsi								IMSI,
	...
}

IMSI ::=							SEQUENCE (SIZE (6..21)) OF IMSI-Digit

IMSI-Digit ::=						INTEGER (0..9)

-- ASN1STOP

	Paging field descriptions

	cmas-Indication
If present: indication of a CMAS notification.

	cn-Domain
Indicates the origin of paging.

	eab-ParamModification
If present: indication of an EAB parameters (SIB14) modification.

	etws-Indication
If present: indication of an ETWS primary notification and/ or ETWS secondary notification.

	imsi
The International Mobile Subscriber Identity, a globally unique permanent subscriber identity, see TS 23.003 [27]. The first element contains the first IMSI digit, the second element contains the second IMSI digit and so on.

	systemInfoModification
If present: indication of a BCCH modification other than SIB10, SIB11, SIB12 and SIB14.

	ue-Identity
Provides the NAS identity of the UE that is being paged.
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