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1 Introduction
In RAN#67, a new Rel-13 Work Item on “RAN Enhancements for Extended DRX in LTE” has been approved [1]. One of the objectives as captured in the WID is to "identify the RAN impacts of extending the DRX cycle for idle mode and perform the corresponding specification work on layer2/3 protocols".
In RAN2 #91bis meeting, extending DRX cycle in idle mode and connected mode was discussed. For idle mode, RAN2 agreed that:

· To define the H-SFN as new frame structure on top of legacy SFN structure where each H-SFN value corresponds to a cycle of legacy SFN of 1024 frames

· A H-SFN cycle of 10 bits indicating SFN will be adapted, for future proofness.
· The maximum I-eDRX cycle is 43.69min.
· To define the range of value of I-eDRX cycle as numbers that are a power of two (2n)

· RAN2 thinks that ETWS, CMAS, PWS requirement cannot be met when eDRX is configured.  We will not optimize to meet the requirement.
· For EAB, if the UE supports SIB14, when in I-eDRX, it acquires SIB14 before establishing the RRC connection

· To specify H-SFN in SIB1. FFS if the precious bits in the MIB can be used 
· Not to define a default I-eDRX cycle value per eNB; to support implicit I-eDRX support indication thought the inclusion of H-SFN

· Paging hyper frame (PH) computation should be a function of the extended I-DRX cycle and the IMSI mod(1024). RAN2 assumes that SA2 will work on the details of MME paging strategy based on this formula.
· The starting point of the window is designed such that a fair distribution within the H-SFN paging frame. Details of the formula are FFS.

However, how and who configures the PW, or the UE is only required to monitor one of its legacy (PF, PO) during the paging window or whether it monitors the full paging window have not been decided. In this contribution, we will further analyze these open questions, and also some remaining issues for eDRX in idle mode. 
2 Discussion
2.1 SFN Extension and Paging Transmission
After introducing H-SFN, H-SFN index should be known at network and UE. Currently, the SFN is broadcasted in MIB message. Similarly, H-SFN index can be broadcasted in MIB or SIB. In MIB, the current 10 spare bits can be used for H-SFN index transmission. However, these spare bits are very precious and should be used for other feature. Moreover, 10 spare bits also lead to a restriction for the SFN extension. In SIB, either a new IE or a new SIB can be defined for H-SFN index transmission. Current SIB1 cycle is very fit for the H-SFN length, so it is better to broadcast H-SFN in SIB1 by defining a new IE. Legacy UEs will ignore this IE, which means that H-SFN has no impact to legacy UEs.
Proposal 1: H-SFN can be broadcasted in SIB1 by defining a new IE. 
In legacy paging mechanism, paging frame and paging occasion can be derived from the following calculation formulae:

SFN mod T= (T div N)*(UE_ID mod N)

i_s = floor(UE_ID/N) mod Ns

After H-SFN is introduced, we should define a Paging Hyper Frame (PH) which contains the paging message of UEs supporting eDRX. UEs that need to extend DRX cycle should use PH, PF and PO for the calculation of paging location. According to the legacy principle, paging resource should be uniformly distributed in PH. PH can be determined by eDRX cycle Te and UE_ID. Specifically, the PH for UEs supporting eDRX can be derived from the following calculation formula:
H-SFN mod Te = (UE_ID mod Te), where Te is the eDRX cycle, which is configured by NAS. 
The calculation formulae for PF and PO can reuse the legacy mechanism. For the UEs supporting eDRX, the paging transmission can be based on the PH, PF, and PO.
Proposal 2: For UEs supporting eDRX, the paging transmission can be based on PH, PF, and PO. The calculation for PH can be derived from the above formula. The calculation formulae for PF and PO can reuse the legacy mechanism.
2.2 Paging Window for eDRX
In RAN2 #90, it is agreed that the paging message can be repeated on different paging occasions determined by the legacy DRX formula during PTW. The network can repeat the paging message for UEs during the paging window. The UE will use the legacy formula to calculate the paging occasions. Thus, the starting point of the paging window can be regarded as the first PF calculated by the legacy formula. 
The paging window is introduced to allow multiple opportunities for paging transmission. At the UE side, it is sufficient for UE to monitor only one paging occasion in the paging window once the UE is synchronized with the eNB. It only wakes up for paging reception based the legacy paging occasion. During the paging window, it will waste power consumption if the UE monitor all paging repetitions, which is contrary to the purpose of this WI. Thus, from UE’s point of view, there is no need to recognize the paging window. It just needs to wake up for paging reception based on the legacy paging occasion. 
Proposal 3: The UE only needs to monitor one paging occasion during the paging window based on the legacy calculation for paging occasion.
At the network side, the eNB is expected to repeat the paging message during the paging window, so that to guarantee the UE can receive paging message when waking up. Thus, the paging window can be configured at MME. After that, it should be signaled to eNB to perform paging repetition during the paging window. Based on the above analysis, the agreement in SA2 “The Paging Time Window (PTW) is assigned by MME and provided to UE via NAS during attach/TAU” is not reasonable from RAN2’s point of view. It should be configured by CN, and then informed to eNB. Moreover, in H-SFN structure, loose synchronization is required for network. In general, about 1~2seconds time drift will happen between eNBs or eNB and MME. Thus, to make the UE wake up in the right time for paging reception, the maximum paging window length can be configured about 5.12s. 
Proposal 4: The MME decides the length of the paging window and signals to the eNB, and subject to the eNB implementation the paging transmission could be repeated several times during the paging window. The maximum length of the paging window is 5.12s. 
2.3 SI Update for eDRX
2.3.1 Common SIBs
DRX extension may have impact to system information acquisition. Legacy system information change is indicated in paging message. Whenever the common system information changes, the network will page all UEs for this update. After obtaining this indication, UEs will acquire new system information in the next modification period. Since the range of eDRX is larger than the legacy modification period, UEs supporting eDRX may miss system information update indication conveyed in paging message. There are two alternatives for the system information update mechanism for eDRX. 
One alternative is to extend modification period for system information based on the extended DRX cycle. The procedure for the system information change is similar to the legacy one, but with the extended period. UEs monitor SI change notification based on this extended period, which also applies for the legacy UEs. Thus, the system information update period for normal UEs is forced to be extended. Even when there is no UEs supporting eDRX in the cell, eNB doesn’t know the DRX cycle of UEs in idle mode, so that the longest cycle should be used for all UEs. Moreover, after extending modification period, the paging load due to system information update will be increased. 
The other alternative is to reuse the current system information update mechanism without any modification. This alternative can reuse the legacy system information update procedure if eDRX cycle is shorter than the current modification period. It has no impact to the normal UEs. If the extended DRX cycle is longer than the current modification period for UEs supporting eDRX, UEs are required to read valueTag in SIB1 every time before waking up. Otherwise, there is a high probability that the system information change indication is missed.
By comparing these two alternatives, we prefer the second one which has no impact to current normal UEs or legacy procedures. 
Proposal 5: There is no need to extend the system information modification period for common SIBs in eDRX cycle. The UEs supporting eDRX require to read systemInfoValueTag every time before waking up if the eDRX cycle is longer than the current modification period, otherwise the legacy mechanism is reused. 
3 Conclusion

In this contribution, we discussed the H-SFN solution for DRX extension in idle mode, paging and system information transmission for eDRX. We have the following proposals:
Proposal 1: H-SFN can be broadcasted in SIB1 by defining a new IE. 
Proposal 2: For UEs supporting eDRX, the paging transmission can be based on PH, PF, and PO. The calculation for PH can be derived from the above formula. The calculation formulae for PF and PO can reuse the legacy mechanism.
Proposal 3: The UE only needs to monitor one paging occasion during the paging window based on the legacy calculation for paging occasion.
Proposal 4: The MME decides the length of the paging window and signals to the eNB, and subject to the eNB implementation the paging transmission could be repeated several times during the paging window. The maximum length of the paging window is 5.12s. 
Proposal 5: There is no need to extend the system information modification period for common SIBs in eDRX cycle. The UEs supporting eDRX require to read systemInfoValueTag every time before waking up if the eDRX cycle is longer than the current modification period, otherwise the legacy mechanism is reused. 
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