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Discussion and decision
1 Introduction

This contribution addresses RAN2 open aspects to enable paging mechanism in NB-IoT design while considering related agreements in eMTC [1] and RAN2#91bis NB-IoT meeting, shown in Annex A and Annex B correspondingly for reference.
2 Discussion

2.1 UE coverage level behavior expected for paging
How to handle the changes of coverage levels of a UE in idle mode has been discussed in the email discussion [91bis#48] [2]. There is a trade-off to consider when maximizing the paging reliability while minimizing the paging signaling overhead and the UE power consumption. Our preference is that the eMTC agreement of not generating UE signaling to indicate its changes of coverage level while in idle is maintained. 
Proposal 1. NB-IoT UEs, in idle mode, do not have to indicate changes of coverage level to the network.

During MTC/IoT discussion, in the context of stationary MTC/IoT UEs deployed in fixed locations where its signal strength might be poor, the concern was raised of how to minimize the power consumption due to unnecessary activities, such as, taking measurements (as in order to get a reliable estimation multiple measurements would be required each time), or decoding paging (as the UE might need to combine all repetitions sent of paging message if it cannot estimate its CE level). The SA2 TR 23.720 [3] also describes a similar use case suggesting to also differentiate two kinds of UE. We propose to also differentiate two kinds of configuration for NB-IOT UEs taking into consideration the following implication: 

· NB-IoT UE with no fixed location, which is defined as a NB-IOT UE configured to dynamically change coverage level for paging in idle mode. This UE behaves similarly to eMTC and legacy one, i.e. when a UE is in idle mode, the network does not know which is its coverage level or the cell in which the UE camps. In addition, the UE might search/measure neighbouring cells, when needed, trying camp in the best cell. This dynamic coverage level could be understood as the default configuration.

· NB-IoT UE with fixed location, which is defined as a NB-IOT UE configured to use a semi-static coverage level for paging idle mode. This UE is configured and/or indicated by the network to use specific coverage level; therefore, the UE does not try to reselect to other cells while in idle mode, assuming that it could always camp and receive paging in the cell in which it was previously connected. On the other hand, if there is any un-expected change of condition, it would be acceptable that this UE cannot be paged for certain time e.g. until it connects back for UL data transmission or for periodic TAU. The mechanism to indicate the coverage level to be used for these UEs could be further discussed after RAN2 agrees on this classification. 
Proposal 2. To agree that NB-IOT UEs that have fixed location can be differentiated or known by the network e.g MME based on subscription information or UE capability.

The following proposals 3-5 assume that proposal 2 above is agreed, in addition, the following proposal 3 suggest the same behaviour as it was defined for paging in eMTC or legacy.

Proposal 3. If proposal 2 is agreed, to define that a NB-IOT UE with no fixed location, is configured to use dynamic coverage level for paging in the idle mode (similarly to eMTC), considering the following:

Proposal 3.1. NB-IOT UE, applies cell reselection mechanism trying to camp in the best cell available.
Proposal 3.2. Paging is sent by the network without the network having reliable knowledge of the UEs coverage level. It implies that the network implementation might employ progressive paging strategy in order to ensure reachability of the UE.
Proposal 3.3. It is acceptable for a UE to receive paging based only on its current coverage level, assuming that UE can get a reliable estimation of its current coverage level (with final decision pending to RAN4 confirmation).
Proposal 4. If proposal 2 is agreed, to define that a NB-IOT UE with fixed location, is configured to use semi-static coverage level for paging in the idle mode, considering the following.
Proposal 4.1. NB-IOT UE with fixed location, when in idle mode, is expected to only camp in the cell where it was previously connected (i.e. no cell reselection mechanism is required by the UE while in idle mode).

Proposal 4.2. NB-IOT UE with fixed location when in idle mode, may check for paging using only the stored coverage level (i.e. as UE may not need to check for its current coverage level). FFS details on how the UE gets the coverage level to be used.

Proposal 4.3. NB-IOT UE with fixed location might not be reachable for paging if there is any un-expected change of condition until they need to get back connected for MO data or signaling, in which case cell reselection might be done, if it is needed. 
Proposal 4.4. Paging in terms of repetition pattern in both time and potentially frequency domain, might be determined by the network based on the configured semi-static coverage level.
For the NB-IoT paging mechanism, CN node would provide to RAN node in NB-IoT information on the coverage level of the UE, the paging attempt number, and the last known Cell ID, similarly to eMTC as per RAN2#91bis agreement. In addition, it would be helpful for the network to know whether a UE is configured to change or not the coverage level while in idle mode i.e. semi-static vs dynamic coverage level configuration; e.g. if the UE is configured with semi-static change of coverage level, the MME would only send the S1-AP message to the last RAN node and the RAN node would also know that the UE expects to only be paged with the specific coverage level and potentially in specific paging locations (although this aspect would need to wait for RAN1 progress in the physical design).
The details of the paging calculation should not be discussed until the physical design further progresses, however RAN2 could take the baseline assumption that the starting subframes of the NB-IoT paging mechanism is determined in the same way as the paging occasion in the legacy paging mechanism, similarly to eMTC. On the other hand, the paging repetition patterns required in time/frequency should be determined and specified by RAN1.
2.2 System information indication through paging
NB-IoT use case targets UEs that will be connected to the network for a very short time of period, therefore the eMTC agreement that connected mode UEs do not need to receive the indication of SI changes through paging would be also applicable to NB-IoT.
Proposal 5. The UE is not required to detect SIB changes while being in RRC CONNECTED. The NW may release the UE to RRC IDLE if it wants the UE to acquire changed SIB or provide the updated SIB by dedicated signalling.

On the other hand, the SI notification indication though paging for idle mode UEs would still be applicable considering the optimizations agreed in eMTC to the indication through control channel when no paging message is sent.
Proposal 6. A UE in RRC IDLE can be notified of system info change and/or EAB update, if supported for NB-IOT, through a paging message (as in legacy and eMTC) or using the control channel (M-PDCCH) in the paging occasions when a paging message is not sent (as agreed in eMTC).
3 Conclusion

This contributions analyses open aspects related to paging for NB-IoT design and proposes the following:
Proposal 1.
NB-IoT UEs, in idle mode, do not have to indicate changes of coverage level to the network.
Proposal 2.
To agree that NB-IOT UEs that have fixed location can be differentiated or known by the network e.g MME based on subscription information or UE capability.
Proposal 3.
If proposal 2 is agreed, to define that a NB-IOT UE with no fixed location, is configured to use dynamic coverage level for paging in the idle mode (similarly to eMTC), considering the following:
Proposal 3.1.
NB-IOT UE, applies cell reselection mechanism trying to camp in the best cell available.
Proposal 3.2.
Paging is sent by the network without the network having reliable knowledge of the UEs coverage level. It implies that the network implementation might employ progressive paging strategy in order to ensure reachability of the UE.
Proposal 3.3.
It is acceptable for a UE to receive paging based only on its current coverage level, assuming that UE can get a reliable estimation of its current coverage level (with final decision pending to RAN4 confirmation).
Proposal 4.
If proposal 2 is agreed, to define that a NB-IOT UE with fixed location, is configured to use semi-static coverage level for paging in the idle mode, considering the following.
Proposal 4.1.
NB-IOT UE with fixed location, when in idle mode, is expected to only camp in the cell where it was previously connected (i.e. no cell reselection mechanism is required by the UE while in idle mode).
Proposal 4.2.
NB-IOT UE with fixed location when in idle mode, may check for paging using only the stored coverage level (i.e. as UE may not need to check for its current coverage level). FFS details on how the UE gets the coverage level to be used.
Proposal 4.3.
NB-IOT UE with fixed location might not be reachable for paging if there is any un-expected change of condition until they need to get back connected for MO data or signaling, in which case cell reselection might be done, if it is needed.
Proposal 4.4.
Paging in terms of repetition pattern in both time and potentially frequency domain, might be determined by the network based on the configured semi-static coverage level.
Proposal 5.
The UE is not required to detect SIB changes while being in RRC CONNECTED. The NW may release the UE to RRC IDLE if it wants the UE to acquire changed SIB or provide the updated SIB by dedicated signalling.
Proposal 6.
A UE in RRC IDLE can be notified of system info change and/or EAB update, if supported for NB-IOT, through a paging message (as in legacy and eMTC) or using the control channel (M-PDCCH) in the paging occasions when a paging message is not sent (as agreed in eMTC).
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5 Annex A

Paging agreements, as part of Rel-13 ongoing eMTC WI are shown below and, are also captured in a running CR to TS 36.300 [1].

RAN2#89

1
Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs.
3
For CN initiated paging, the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion is determined irrespective of the UEs coverage extension level. 
6
Extend the radio paging information container (MME => eNB) to provide information on whether the paging request is for a Rel-13 low complexity/enhanced coverage UE.

6a
For LC/EC UEs, RAN2 considers it beneficial if the CN (MME) provides the “paging attempt number” to the eNB.
7
Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.
8
The UE does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area)
9
Inform RAN1, RAN3, SA2, and CT1 about the discussion above.
RAN2#91

1
The number of M-PDCCH repetitions corresponding to each coverage level will be known to the UE, for example based on information broadcast in system information

2
For paging, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level.

3
RAN2 agrees as a baseline that it is acceptable for a UE to receive paging based only on its current coverage level. Final confirmation of UE behaviour can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level.

FFS: Think more about….

A non-LC UE capable of EC operation but in normal coverage on a cell that supports EC, monitors …

a) paging according to the new paging mechanism introduced for Rel-13 LC UEs and EC if the NW expects the UE to be in extended coverage, 

b) legacy paging if the NW expects the UE to be in normal coverage

5
A non-LC UE capable of EC operation and in normal coverage on a cell that does not supports EC (but may support Rel-13 LC UEs), monitors paging according to the legacy paging mechanism.

6
Starting subframes of the Rel-13 LC and EC paging mechanism can be determined in the same way as the paging occasion in the legacy paging mechanism.

7
Repetitions pattern in both time and frequency should be determined and specified by RAN1.

8
As part of the ongoing work, RAN2 should consider limiting the shorter DRX cycles and supporting extended DRX in combination with enhanced coverage operation.
The agreements SI indication through paging, as part of Rel-13 ongoing eMTC WI are shown below and, are also captured in a running CR to TS 36.300 [1].

RAN2#91

1
Both value tag and Notification/Paging mechanisms are supported for system information change for LC UEs and UEs in EC.

2
RAN2 assumption, for RAN1 to confirm: It is possible to notify the IDLE UE of a system information update using the control channel (M-PDCCH) while avoid sending a paging record on the shared channel. 

5
The UE is not required to detect SIB change while being in RRC CONNECTED. The NW may release the UE to IDLE if it wants the UE to acquire changed SIB or provide the updated SIB by dedicated signalling.
RAN2#91bis
1
The duration over which the content of SIB1bis cannot change is either a/ fixed in the specification or b/ determined from a table where the index to the table is included in MIB (same index as used by RAN1 to determine TBS, etc) (TBD whether table may be in either RAN1 or RAN2 spec i.e. pointed to by an index in MIB)

2
Maximum SIB1bis size in range of existing SIB 1 plus some extra (Final value and intermediate values is TDB)

5
Confirm current approach where SI windows do not overlap

6
Narrowband region (4bit), f-hopping (1bit), and TBS for SI messages are indicated in schedulingInfoList. (TBS sizes are TBD).

=>
RAN2 assumption, for RAN1 to confirm: An IDLE UE mode UE can be notified of a ETWS/CMAS update and/or EAB update (in addition to system info change) using the control channel (M-PDCCH) in the legacy paging occasions.

6 Annex B
RAN2#91bis NB-IOT paging related agreements are captured below for reference:
1. Idle mode DRX cycles up to around 3 hours should be possible to support. The exact cycle length will depend on the physical layer design.

2. Idle mode DRX cycles down to around one second should be supported. The exact cycle length will depend on the physical layer design. May be revisited due to impacts of repetitions. May be dependent on coverage level.  

3. We assume that we support different paging transmission repetitions for different coverage level.

4. NB-IoT UE determines the paging occasions to monitor paging message by using UE ID and Frame Number. FFS if we also need other parameter(s).
5. RAN2 assumes that the CN node can provide information on the coverage level of the UE, the paging attempt number, and the last known Cell ID, to RAN node in NB-IoT. 

6. RAN2 assumes that eNB forwards the coverage level to the MME. It is FFS how the eNB can know the UE coverage level. 
7. Course paging occasion alignment for a UE between eNBs is beneficial when using long DRX cycles for NB-IoT
