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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 and #91 agreements are as below.  

	 For idle mode:
· 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).  



	 Agreements
· H-SFN based paging will be adopted in the RAN.  




In this paper, we would like to discuss how a UE configured with eDRX acquires system information update and to broadcast HSFN. 
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.
[image: ]
Figure 1: eDRX operation with SI reading
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.
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.
As the adoption of H-SFN paging in the RAN was agreed, how to broadcast H-SFN should be considered. Currently, SFN is broadcasted by MIB. The available space in MIB is limited. Regarding H-SFN, H-SFN does not change in one SFN cycle, 10.24s, so H-SFN is not needed to transmit frequently. Therefore, it is desirable for H-SFN to be delivered via SIB instead of transmitting by MIB which has limited available space and changes frequently.
Proposal 6: H-SFN should be delivered via SIB. 
H-SFN does not change in one SFN cycle so it seems that H-SFN does not need to broadcast frequently. Using SIB1 for H-SFN broadcasting at every 80ms can be wasting of radio resource. With this respect, efficient ways of transmitting H-SFN using SIB1 might be considered. In addition, the other SIBs which transfer unfrequently can be used for H-SFN broadcasting. SIB2 would be good for transferring H-SFN.  Compared with SIB1, SIB2 is scheduled dynamically. If SIB2 is used for transferring H-SFN, it could be scheduled dynamically and unfrequently, being different with SIB1.
Proposal 7: Efficient ways of transmitting HSFN using SIB1 might be considered or the other SIBs which transfer unfrequently can be used for HSFN broadcasting.
As an efficient way for transmitting H-SFN information via SIB1, H-SFN can be broadcasted by dividing total bits as shown in below figure 2. For instance, when eNB transmits H-SFN with 8 bits in SIB1, it can be transmitted 1 bit at every 80 ms instead of sending 8 bits at every 80 ms to save the signaling overhead. In terms of networks, it could reduce the burden of broadcasting repeated information. The last broadcasted bit in one set of HSFN transmission covers two hyper system frames, 2048 system frames. A UE does not need to receive one set of H-SFN broadcasting bits to recognize the change of H-SFN in a SIB1. For example, in order to check the change of H-SFN, if a UE checks the last broadcasted bit in one set of HSFN transmission, it could  confirm the change of H-SFN efficiently by checking ‘0’ or ‘1’ in the last bit of one set of HSFN transmission. It may be argued that it takes long time to acquire H-SFN information. However, considering the time taken for receiving SIB2 to acquire paging cycle information, we think it is not burdensome.


Figure 2: Transmission of HSFN using SIB1 by dividing total bits
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 6: H-SFN should be delivered via SIB. 
Proposal 7: Efficient ways of transmitting H-SFN using SIB1 might be considered or the other SIBs which transfer unfrequently can be used for HSFN broadcasting.
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