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Introduction

In Rel-15, WUS was introduced before PO to indicate whether there is a paging in the subsequent corresponding PO. That is, if the UE detects WUS signal, it will continue to monitor the PDCCH for Paging. 

In RAN2#107-e, it was observed that if the MME is not aware that WUS will be used in eDRX case, the MME may send paging too late to miss the WUS occasion, and the paging cannot be sent to UE[1].

In the reply LS on assistance indication for WUS from 3GPP SA2, it was indicated that SA2 has already agreed the attached CRs which restrict the use of WUS to the last used cell (the cell in which the UE’s RRC connection was last released, and request to provide feedback, if required, on eNB determining a UE supports WUS in connected mode [2]. 

In this contribution, we will discuss on the related issues, impacts on RAN3 specifications and give our proposals.
Discussion
Based on the LS from SA2, WUS-capable eNBs should provide the Recommended Cells for Paging IE in the Information on Recommended Cells and eNBs For Paging IE to the MME in the S1 UE CONTEXT RELEASE COMPLETE or UE CONTEXT SUSPEND REQUEST messages for WUS capable UEs, and the MME should provide (without modification) the Recommended Cells for Paging as Assistance Data for Recommended Cells IE in the subsequent S1-AP Paging message to the eNB. Since S1-AP already supports sending the Recommended Cells and eNBs For Paging IE over S1-AP and the receiver’s behaviour has been specified in TS 23.401, i.e., “Upon receipt of the UE CONTEXT SUSPEND REQUEST the MME shall act as defined in TS 23.401 [11].”, then there are no impacts needed to S1AP since the behavior is defined by SA2.

Observation 1: The eNB already supports providing the Recommended Cells and eNBs For Paging IE to MME during the S1AP release and suspend request messages.

Observation 1bis: MME’s behavior is well specified in 23.401.
Proposal 1: No impacts to S1-AP are needed.
Considering that connection to 5GC is supported in Rel-16 for NB-IoT and eMTC, the same cell may be connected to EPC and 5GC simultaneously. Since eNB activates the WUS without differentiation on whether the cell is connected to EPC or 5GC, the WUS should also be supported when the cell is connected to 5GC. Thus, the mechanism used in EPS for WUS paging mobile UEs by using the information on last used cell ID from the Recommended Cells for Paging IE should also be supported in 5GS. Assuming that this same mechanism is agreed by SA2 in 23.501 and that in NGAP BL CR#188 for Suspend Resume procedures we have already indicated “Upon receipt of the UE CONTEXT SUSPEND REQUEST message the AMF shall act as defined in TS 23.502 [10].”, then no action are required for NGAP either.
Observation 2: The ng-eNB already supports providing the Recommended Cells and eNBs For paging IE to AMF during the NGAP release and suspend request messages.

Observation 2bis: Providing that the same mechanism for WUS paging mobile UEs is agreed by SA2 for 5GS, then the AMF behavior should be described in 23.501.
Proposal 2: No impacts to NG-AP are needed.
Since in the current TS 36.300, it is described that “The paging operation in the MME is not aware of the use of the WUS in the eNB”, which is not consistent with the SA2 LS. Thus, the TS 36.300 should be updated to captured the WUS solution provided in the SA2 LS[2]. 

Proposal 3: The TS 36.300 should be updated to captured the WUS solution provided in the SA2 LS.

As for the concern on eNB determining a UE supports WUS in connected mode, considering that at every connection establishment, either UE Radio Capability IE is delivered from MME/AMF(which includes either the UERadioAccessCapabilityInformation message as defined in 10.2.2 of TS 36.331, or the UERadioAccessCapabilityInformation-NB message as defined in 10.6.2 of TS 36.331, in which all known capabilities except UTRAN capabilities are included) or UECapabilityInformation message is delivered from UE based eNB request, eNB can always obtain the UE’s WUS capability in RRC_CONNECTED state. Thus, the attached CRs in the SA2 LS are feasible without any additional S1-AP impacts.. 

Proposal 4: Provide feedback to SA2 that eNB can always determine whether a UE supports WUS in connected mode, and the SA2 attached CRs are feasible without any S1-AP impacts. 
In the last RAN3 #107bis-e meeting, it has been agreed that:

	eNB WUS capability is not sent to MME by S1AP signaling, it can be achieved via OAM configuration.


Observation 3: It has been agreed that eNB WUS capability is not sent to MME by S1AP signaling.

As it is considered in [1], if the MME is not aware of WUS, it might trigger paging after WUS. Generally, the 1st WUS is before the 1st PO in the PTW for eDRX case, and only one WUS occasion may be existing in the PTW. Considering that if WUS is activated and UE has not detected the WUS, the UE will not monitor the subsequent POs. Thus, if eDRX is configured for a UE, MME can send always paging before the 1st WUS in the PTW to avoid missing WUS occasion.

Observation 4: If eDRX is configured for a UE, MME can always send paging before the 1st WUS in the PTW to avoid missing WUS occasion.

Considering that 1) MME knows when the PO for a particular UE is, so that the paging request can be sent in prior, or 2) MME would know when to expect a respond from the UE at the latest; it can be assumed that if eNB support WUS and it has been enabled, the paging request can be sent considering the maximum possible gap for WUS prior to the PO
Observation 5: MME can send PAGING considering the maximum possible gap for WUS prior to the PO.
Considering that eDRX will be configured only for UE with delay not sensitive, and the PTW length is usually much smaller than the eDRX cycle length, MME can always send the CN paging, if available, before the 1st WUS in the PTW, as shown in Figure 1, and it does not impact the paging performance. 
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Figure 1

Thus, if the WUS is enabled in a cell, MME can always send paging before the 1st WUS in the PTW for all UEs in the cell, WUS awareness in UE level is not necessary for MME, and MME need not perceive the UE WUS capability. Note that a similar discussion also happened during RAN3#105bis, where it was observed by most companies that the usage of WUS does not impact that basic behavior.

Observation 6: WUS awareness in UE level is not necessary for MME. 

Proposal 5: MME need not perceive the UE WUS capability. 

Based on the discussion, we provide the draft reply LS[3] and related CRs[4][5].

Conclusions

In this contribution, we make the following observations and proposals:

Observation 1: The eNB already supports providing the Recommended Cells and eNBs For Paging IE to MME during the S1AP release and suspend request messages.

Observation 1bis: MME’s behavior is well specified in 23.401.

Observation 2: The ng-eNB already supports providing the Recommended Cells and eNBs For paging IE to AMF during the NGAP release and suspend request messages.

Observation 2bis: Providing that the same mechanism for WUS paging mobile UEs is agreed by SA2 for 5GS, then the AMF behavior should be described in 23.501.

Observation 3: It has been agreed that eNB WUS capability is not sent to MME by S1AP signaling.

Observation 4: If eDRX is configured for a UE, MME can always send paging before the 1st WUS in the PTW to avoid missing WUS occasion.

Observation 5: MME can send PAGING considering the maximum possible gap for WUS prior to the PO.

Observation 6: WUS awareness in UE level is not necessary for MME.

Proposal 1: No impacts to S1-AP are needed.

Proposal 2: No impacts to NG-AP are needed.

Proposal 3: The TS 36.300 should be updated to captured the WUS solution provided in the SA2 LS.

Proposal 4: Provide feedback to SA2 that eNB can always determine whether a UE supports WUS in connected mode, and the SA2 attached CRs are feasible without any S1-AP impacts.

Proposal 5: MME need not perceive the UE WUS capability. 
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