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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, 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.

In this contribution, we will discuss on whether the MME should be aware of WUS in Rel-15 and give our proposal.
Discussion
In Rel-15, the IE numPOs (N{1,2,4}) was introduced, which represents the number of consecutive Paging Occasions (PO) mapped to one WUS, applicable to UEs configured to use extended DRX. If the UE misses the WUS, the UE shall not monitor the subsequent N POs.

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 N POs, thus the Paging cannot be sent to the UE. Thus, if eDRX is configured for a UE, MME should send always paging before the 1st WUS in the PTW to avoid missing WUS occasion.

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

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

Proposal 1: MME need not perceive the UE WUS capability. 
Since the MME sends the CN paging before the WUS, eNB can send the WUS to UE before PO, and UE can monitor the WUS and paging normally, the paging will not be missed. 
Observation 3: If MME send the CN paging before the WUS, UE can receive the paging normally.
In the current specification, MME and eNB does not exchange their feature capability, which is usually based on OAM. E.g. CIoT UP optimization solution, MO-EDT solution, MT-EDT capability etc are all not exchanged between MME and eNB.  

Besides, 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 4: In the current specification, MME and eNB does not exchange their feature capability, which is usually based on OAM.

Some company argues that eNB should send its WUS capability to MME for “plug and play” purpose, but since MME and eNB does not exchange their feature capability based on the current specification, “plug and play” can not be supported for NB-IoT/eMTC eNB. In fact, the “plug and play” is only required in Home eNB, and NB-IoT/eMTC specification does not touch home eNB. 

Furthermore, S1AP (and also NGAP) provides the possibility to indicate how “critical” support of a newly introduced information element is. If this “criticality” is set to “reject”, then the requesting node can know from the negative response which IE is not supported and, consequently, avoid requesting it again.

Observation 5: NB-IoT/eMTC specification does not support home eNB, “plug and play” cannot be supported for NB-IoT/eMTC eNB.
Further, if we assume that WUS is deployed in the network and we also assume that an MME might apply different paging strategies for WUS and non WUS, we can consider that this MME paging strategy can be applied also towards eNBs not supporting WUS, i.e., it wouldn’t make much difference. So, there is no need to know whether an individual eNB supports WUS: it is a general deployment issue whether WUS is “switched on” in the network.
Proposal 2: eNB does not send its WUS capability to MME, MME is aware of the eNB’s WUS capability based on OAM. 

In the Ls[2] from SA2, it is described that “If the MME did not receive the Information on Recommended Cells and eNBs for Paging IE but did receive the User Location Information IE during the release of the UE’s last S1-AP association, then the MME should use the User Location Information IE to create an Assistance Data for Recommended Cells information element”. But the User Location Information IE is also optional during the release of the UE’s last S1-AP association, eNB may not provide it if not support. 

In the Ls[3] to SA2, it is indicated that “The Assistance Data for Recommended Cells is now defined as transparent to EPC, besides this information, the MME also able to get the last cell info from the received User Location Information IE and the Cell Identifier and Coverage Enhancement Level IE”, but it can be noticed that Information on Recommended Cells and eNBs for Paging IE, User Location Information IE and Cell Identifier and Coverage Enhancement Level IE are all optional during the release of the UE’s last S1-AP association. Thus, there are still cases that eNB does not provide the last cell info to MME, and MME cannot provide the Last used Cell ID to eNB in the S1AP PAGING message. 
Observation 6: Reporting of last cell ID from eNB is optionally defined in the specifications. In case eNB does not provide the last cell info to MME, MME cannot provide the Last used Cell ID to eNB in the S1AP PAGING message. 

User Location Information was introduced in Rel-12. If it is assumed that for WUS the last served cell is always available for the MME based on ULI, then the eNB can receive the Last used Cell ID during S1 Paging.

In the cases where that Last used Cell ID is not provided in the S1AP PAGING message and the eNB would not know whether the UE to be paged is in the cell where it was last in connected mode, even though the UE would do so. One possible solution is that eNB would need to transmit both the WUS signal and the paging message, assuming that the UE could either be in the cell where it was last connected or in another cell. Note that one should also consider that there should usually be a coordination between network nodes in terms of configuration for such features on TA level via OAM. Since UE would only monitor the WUS if it is in the last cell, and UE would monitor PO directly if it is not in the last cell, the paging can always be received with this solution. 

Any further issues regarding the usage of WUS resources should be discussed for decision in SA2 and RAN2. 
Observation 7: It can be assumed that for WUS, MME can receive the Last used Cell ID from ULI. In case where Last used Cell ID is not provided during S1 Paging, eNB can send WUS and the paging can always be successful with this solution
Proposal 3: Send LS to RAN2/SA2 to notify about RAN3 progress and solution. 
Based on the discussion, we provide the draft reply LS[4].
Conclusions

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

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

Observation 2: WUS awareness in UE level is not necessary for MME. 

Observation 3: If MME send the CN paging before the WUS, UE can receive the paging normally.
Observation 4: In the current specification, MME and eNB does not exchange their feature capability, which is usually based on OAM.

Observation 5: NB-IoT/eMTC specification does not support home eNB, “plug and play” cannot be supported for NB-IoT/eMTC eNB.
Observation 6: Reporting of last cell ID from eNB is optionally defined in the specifications. In case eNB does not provide the last cell info to MME, MME cannot provide the Last used Cell ID to eNB in the S1AP PAGING message. 

Observation 7: It can be assumed that for WUS, MME can receive the Last used Cell ID from ULI. In case where Last used Cell ID is not provided during S1 Paging, eNB can send WUS and the paging can always be successful with this solution.

Proposal 1: MME need not perceive the UE WUS capability. 
Proposal 2: eNB does not send its WUS capability to MME, MME is aware of the eNB’s WUS capability based on OAM. 

Proposal 3: Send LS to RAN2/SA2 to notify about RAN3 progress and solution. 
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