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1 Background
The paging contributions were not treated the RAN2#NB-IoTAdhoc meeting [1], [2], [3], [4], [5], [6], [7], [8], [9], [10] but for SI change it was agreed: 

· Besides UE acquiring Value Tag before RRC connection, paging is used for SI change notification for information that is needed to keep the UE reachable in Idle mode (as for eDRX for LTE). It is FFS if such paging is done only by PDCCH or also includes a paging record. 
In this contribution further details of paging and DRX are discussed. The use of NB-PDCCH and/or NB-PDSCH for paging is discussed in [11]. In this contribution it is assumed that the NB-PDCCH and NB-PDSCH are used in a similar way as in LTE and REL-13 eMTC [11].
Paging for SI modification was also discussed in the email discussion[NBAH#05][NBIOT/SI] [14]:

15-a) The systemInfoModification-eDRX is indicated through the same means as for Rel-13 eDRX i.e. if there is a paging record, the indication is part of it, otherwise it is indicated through the DCI to avoid transmission of a paging message.

2 Discussion

2.1 Paging

Similar as for REL-13 eMTC it is proposed that the Paging Occasion is defined as the starting subframe of the NB-PDCCH repetitions: 
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Figure 1: Paging Occasions and eNB paging repetitions.
Proposal 1: The Paging Occasion refers to the starting sub-frame of the NB-PDCCH repetitions.

It was agreed that the MME can indicate Cell Identifier and Coverage Enhancement Level IE and Paging Attempt Count Information IE in the Paging message to eNB [12]. The Cell Identifier and Coverage Enhancement Level IE can be included in the UE CONTEXT RELEASE COMPLETE message from eNB to MME when the UE goes back to Idle mode again. Possibly the Cell Identifier and Coverage Enhancement Level IE can also be included in the S1 deactivate message for the UP solution. The latter aspect is left to RAN3 to discuss further.

Similar as for REL-13 eMTC it is proposed that the UE shall determine the CE level to monitor paging repetitions according to its measured RSRP level: 

Proposal 2: The UE monitors the eNB paging repetitions according to its measured Coverage Enhancement level (CE level), i.e. RSRP measurements of the serving cell.
The number of CE levels for NB-IoT need to be discussed further (in RAN1). But it is assumed that the measurement thresholds are broadcasted in system information: 
Proposal 3: The UE shall use the RSRP measurement thresholds broadcasted in system information to determine the CE level it shall use for paging monitoring. 

Furthermore it is assumed that: 

Proposal 4: The number of paging repetitions for NB-PDCCH and NB-PDSCH for each CE level is broadcasted in system information (details dependent on RAN1 agreements).

2.2 DRX

It was agreed to have a short DRX (in the order of seconds) and long DRX (up to 3 hours) in NB-IoT [12]:
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Figure 1: Short and long DRX. 
It was also agreed that the UE uses the defaultPagingCycle of the cell for the short DRX cycle length, and that the short DRX cycle length is not negotiated at NAS level. Therefore the short DRX cycle length is not signaled in the Paging message from MME to eNB:

Proposal 5: RAN2 assumes that the Paging message from MME to eNB does not include the short DRX cycle length.

The eNB calculates the paging occasions of the short DRX based on the configured defaultPagingCycle (SIB2). For the long DRX it is also beneficial when the eNB can calculate the paging occasions of the UE in long DRX to avoid paging the UE when it is not listening (e.g. before or after the Paging Transmission Window): 

Proposal 6: RAN2 considers it beneficial to include the long DRX and PTW info in the Paging message from MME to eNB.

In case proposals 5 and 6 are agreeable it is proposed to inform RAN3 with an LS about these RAN2 assumptions. 

It was agreed that the Paging Occasions are determined based on the UE ID and System Frame Number (SFN), and whether other parameters are needed is FFS [12]. It is proposed that for the short DRX:

Proposal 7: The MIB contains a System Frame Number such that the UE can determine the paging occasions of the short DRX.

Proposal 7a: The SFN is incremented each 10 ms frame and has a range of [0, 10,24] sec (10 bits).
It is assumed that the SFN is incremented with each frame. The SFN range is FFS. How many bits are needed in MIB can be discussed further when physical layer details are agreed. 

For the long DRX a Hyper-SFN is needed to allow a DRX up to 3 hours. Similar as in eMTC it is proposed to use the Hyper Frame (HF) of the H-SFN to determine the start of the Paging Transmission Window:
Proposal 8: The Hyper Frame (HF) is used to identify when the Paging Transmission Window (PTW) for UE in long DRX starts. 

Similar to eMTC the Hyper Frame is incremented when the SFN wraps around:
Proposal 9: The Hyper Frame (HF) of the Hyper-SFN (H-SFN) is incremented when the SFN wraps around, i.e. when SFN=0.
Proposal 9a: H-SFN has range has a range of [0, 2,91] hours (10 bits).
To support a DRX up to 3 hours many bits are needed, i.e. all these bits should not and need not be continuously broadcasted in MIB. But dependent on the UE clock drift requirements it could be advantageous to broadcast part of the H-SFN in the MIB such that when the UE wakes-up it only need to acquire the MIB to re-synchronize its clock: 

Proposal 10: The H-SFN is broadcasted in SIBx (FFS if part of the H-SNF is included in MIB).
It was agreed to distribute the Paging Occasions for short DRX according to short DRX cycle and UE ID. To further reduce the risk of false paging also with long DRX the Paging Transmission Windows (PTW) should be distributed as well:

Proposal 11: The HF in which the PTW starts is determined by the long DRX cycle length and UE ID.

Similar as in eMTC the start of the PTW inside the HF is uniformly distributed: 

Proposal 12: The start offset of the PTW (first paging occasion of the PTW) within the Hyper Frame (HF) is uniformly distributed based on UE ID. 
Similar as in eMTC it is proposed that the end of the PTW is determined by the start of the PTW and the length of the PTW, as negotiated at NAS level: 

Proposal 13: The last paging occasion of the PTW is determined by the first paging occasion of the PTW and the PTW length negotiated at NAS level. 
In case the proposals for long DRX are agreeable it is proposed to inform CT1/RAN3/SA2 with an LS about these RAN2 assumptions. 

The long DRX is considered an essential feature in NB-IoT to guarantee long battery lifetime, i.e. long DRX should be allowed in each cell (there is no need for eDRXAllowed indicator in system information as in REL-13 eMTC). This leads to the following proposal:
Proposal 14: It is assumed that each cell of the registration/routing area supports long DRX when the UE is configured with long DRX after NAS negotiation.

In case the UE does not respond to paging the MME typically pages the UE again and the MME may potentially widen the paging scope (i.e. page in more/other cells):
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The eNB can use the paging counter and CE level send in the paging message to determine the CE level used for paging, an example is given below: 
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Figure 2: Paging repetitions in eNB. 
To prevent excessive paging delay when the UE is in long DRX (up to 3 hours), the MME should be able to perform paging re-attempts within the current PTW: 

Proposal 15: The Paging Window size should allow MME paging re-attempts. 

For long DRX it is agreed that the Paging Occasions between eNBs have a coarse alignment, i.e. are "loosely synchronized", to enable a UE that wakes-up in another cell still to still receive paging in the paging window of the new cell. A loose H-SFN synchronization is achieved when eNBs and MMEs use the same H-SFN value with accuracy in the order of legacy DRX cycle lengths, e.g. 1 to 2 seconds, as specified for eMTC in TS 23.682 [13]. There is no need for synchronization at the SFN level:
Proposal 16: The same loose H-SFN synchronization as in eMTC is used in NB-IoT. There is no need for SFN synchronization.  

3 Summary

RAN2 is kindly asked to discuss paging and DRX in NB-IoT:

Proposal 1: The Paging Occasion refers to the starting sub-frame of the NB-PDCCH repetitions.

Proposal 2: The UE monitors the eNB paging repetitions according to its measured Coverage Enhancement level (CE level), i.e. RSRP measurements of the serving cell.
Proposal 3: The UE shall use the RSRP measurement thresholds broadcasted in system information to determine the CE level it shall use for paging monitoring. 

Proposal 4: The number of paging repetitions for NB-PDCCH and NB-PDSCH for each CE level is broadcasted in system information (details dependent on RAN1 agreements).

Proposal 5: RAN2 assumes that the Paging message from MME to eNB does not include the short DRX cycle length.

Proposal 6: RAN2 considers it beneficial to include the long DRX and PTW info in the Paging message from MME to eNB.

Proposal 7: The MIB contains a System Frame Number such that the UE can determine the paging occasions of the short DRX.

Proposal 7a: The SFN is incremented each 10 ms frame and has a range of [0, 10,24] sec (10 bits).
Proposal 8: The Hyper Frame (HF) is used to identify when the Paging Transmission Window (PTW) for UE in long DRX starts. 

Proposal 9: The Hyper Frame (HF) of the Hyper-SFN (H-SFN) is incremented when the SFN wraps around, i.e. when SFN=0.
Proposal 9a: H-SFN has range has a range of [0, 2,91] hours (10 bits).
Proposal 10: The H-SFN is broadcasted in SIBx (FFS if part of the H-SNF is included in MIB).
Proposal 11: The HF in which the PTW starts is determined by the long DRX cycle length and UE ID.

Proposal 12: The start offset of the PTW (first paging occasion of the PTW) within the Hyper Frame (HF) is uniformly distributed based on UE ID. 
Proposal 13: The last paging occasion of the PTW is determined by the first paging occasion of the PTW and the PTW length negotiated at NAS level. 
Proposal 14: It is assumed that each cell of the registration/routing area supports long DRX when the UE is configured with long DRX after NAS negotiation.

Proposal 15: The Paging Window size should allow MME paging re-attempts. 

Proposal 16: The same loose H-SFN synchronization as in eMTC is used in NB-IoT. There is no need for SFN synchronization.  
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