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1 Introduction 
The following agreements related to paging for NB-IoT have been made by RAN2:

· Different transmission repetitions are used for different coverage level; 

· The CN node provides information on the coverage level of the UE, the paging attempt number, and the last known Cell ID in S1 Paging message to indicate related information to the RAN node;

· The paging occasions to monitor paging message are determined by using UE ID and Frame Number. Whether other parameters are needed is FFS. 

· Regarding, system information update, RAN2 has agreed that the UE is not required to detect SIB changes while being in RRC_CONNECTED. The network may release the UE to RRC_IDLE if it wants the UE to acquire changed SIB(s).In this contribution, we discuss on the paging channel design for NB-IoT.  

In this contribution we further discuss aspects related to paging and system information change

2 
Discussion
2.1 System Information Update

Similar to eMTC, in RAN2 it was agreed that NB-IoT UEs are not required to detect SIB changes while being in RRC_CONNECTED.  However, while the UEs are in idle mode, it is important that all UEs are required to maintain an up-to-date System Information, especially for initial system access.     

Proposal 1 Paging mechanism should be used to inform UEs of a system information change in RRC_IDLE
Due to the narrowband operation, the paging capacity can be significantly limited for NB-IoT UEs if a single narrowband is used. Given that a large number of NB-IoT UEs need to share the paging resources, time domain multiplexing with a DRX cycle will not provide enough paging capacity. Therefore, it should be allowed to use multiple paging narrowbands based on the number of NB-IoT UEs in a cell. The same issue was discussed in Rel-13 eMTC and configurability of the number of paging narrowbands has been introduced as a solution.

If multiple narrowbands are used, the NB-IoT UEs in the same PO should be evenly distributed over the paging narrowbands configured as much as possible in order to minimize the blocking probability. A UE-ID (e.g., IMSI-10) can be used to determine the narrowband index for paging to distribute UEs over paging narrowbands configured.

Proposal 2 Number of paging narrowbands is configurable and narrowband location for NB-PDCCH monitoring is determined based on UE-ID
The POs within the PFs are determined as a function of UE-ID, therefore a variable number of UEs may need to share the same POs. In case that multiple sub-bands are used for paging transmission, the paging messages may be multiplexed in a different frequency location which may reduce the number of UEs sharing the same time/frequency resource for paging. 
However, there is a still possibility that two or more UEs share the same POs and the same frequency location as the time/frequency resource for a paging message still needs to be determined as a function of UE-ID. Therefore, irrespective of the use of multiple sub-bands for paging transmission, a variable number of UEs need to be supported in a paging message to avoid a blocking problem for NB-IoT UEs.
Proposal 3 A variable number of NB-IoT UEs can be multiplexed together in a paging message. 

In legacy LTE, the paging message is used to inform UEs about a change of system information (other than for ETWS, CMAS and EAB parameters), or a change of ETWS, CMAS, or EAB parameters has occurred in the system. 

To ensure that all UEs are successfully notified, the eNB may need to page all UEs in all paging occasions within a modification period when a system information is changed.  

For eMTC, to avoid resource waste and reduce UE active time (due to PDCCH and PDSCH repetitions) it was agreed to send the SI, ETWS, CMAS and EAB update indications in the DCI. Since NB-IoT has the same problems, reuse of eMTC paging SI update scheme for NB-IoT seems to be appropriate as it can address the issues and avoid unnecessary standard efforts.
Proposal 4 An IDLE UE can be notified of a system information update using a bit in the control channel (NB-PDCCH) while avoiding sending a paging record on the PDSCH

RAN2 has decided that the barring bitmap is transmitted separately from other system information (similarly to EAB mechanism), however, it is still FFS whether the change of bitmap will trigger an SI change indication.  
It would beneficial to avoid triggering a full SI change indication when the barring bitmap changes. A SI change indication would force the UE to unnecessarily re-acquire all SIBs and therefore increase battery consumption.   Given that the information is broadcasted in a separate SIB, it would be beneficial to notify the UEs of such change using a separate indication, similar to EAB. Furthermore, this indication, similar to eMTC should be signalled using the NB-PDCCH.  
Given the decision that CMAS and ETWS will not be supported by NB-IoT UEs, then for NB-IoT the CMAS and ETWS update notification information do not need to be added in the NB-PDCCH or in the paging message.   
Proposal 5 An RRC_IDLE UE can be notified of a barring bitmap update using the NB-PDCCH, similar to eMTC.  A separate bit should be used to notify UEs of EAB update and a barring bitmap update shouldn’t trigger an SI update.  
The system information modification indication in legacy LTE is send in the paging message itself, regardless of whether there are paging records available for other UEs.  In eMTC, it was decided that the system information modification bit can be provided either in the paging message or in the DCI itself depending on whether any UEs have to be paged.  The presence of the system information modification bit in the DCI indicates that there is no PDSCH.  If a PDSCH has to be transmitted, the system information modification bit is included in the paging message.  

To reduce the effort required in redesigning the eMTC DCI format, we think that a similar mechanisms should be adopted for NB-IoT.  

Proposal 6 The presence of the system modification information in the NB-PDCCH indicates that there is no PDSCH

Proposal 7 When the eNB has to simultaneously send a paging record and a system information modification notification in the same PO, then the Paging message should include both system information modification and the paging record (e.g. the NB-PDCCH schedules the PDSCH and doesn’t need to include the system information change)
As discussed in Rel-13 eDRX, for UEs with long eDRX values, the mechanisms of updating the SI at the end of a modification period may not be acceptable from a system delay and flexibility perspective.  We propose to adopt a similar mechanisms to eDRX for the cases where eDRX cycle is larger than BCCH modification period
Proposal 8 If eDRX cycle > BCCH modification

· UE acquires the systemInfoValueTag in MIB just before initiating RRC Connection establishment procedure  

· Paging notification mechanism is supported to notify UEs:

· A new indication systemInfoModification-eDRX is defined in paging message and DCI
· When receiving the indication, eDRX UE acquires the new SI at the radio frame boundaries defined by a formula based on a maximum eDRX cycle (e.g. H-SFN mod m_eDRX = 0)
So far, P-RNTI has been used for scheduling the paging DCI and the DCI is shared by UEs in the same PO. Therefore, if a paging message is transmitted to one of the UEs in the same PO, all UEs in the same PO need to receive the associated PDSCH carrying paging message. After reception of the paging message, a UE can figure out if the paging massage is intended for the UE or not, and most of reception of the PDSCH will be the case that the paging message is intended for other UEs. Hence, this may result in unnecessary UE battery consumption especially when the UE is in coverage limited as large number of repetitions will be used. If deemed necessary, the false NB-PDSCH reception can be reduced. As a candidate solution, the DCI for paging message scheduling can be scrambled based on UE-ID (e.g., IMSI-10) or P-RNTI according to the paging message intended for. If the paging message is intended for a single UE, the DCI can be scrambled with UE-ID while the DCI can be scrambled with P-RNTI if the DCI intended for a group of UEs in that PO.

Proposal 9 Allow scheduling of paging message to be done on a UE ID basis or P-RNTI

3 Conclusion
The following proposals have been made in this contribution:

Proposal 10 Paging mechanism should be used to inform UEs of a system information change in RRC_IDLE

Proposal 11 Number of paging narrowbands is configurable and narrowband location for NB-PDCCH monitoring is determined based on UE-ID
Proposal 12 A variable number of NB-IoT UEs can be multiplexed together in a paging message. 

Proposal 13 An IDLE UE can be notified of a system information update using a bit in the control channel (NB-PDCCH) while avoiding sending a paging record on the PDSCH

Proposal 14 An RRC_IDLE UE can be notified of a barring bitmap update using the NB-PDCCH, similar to eMTC.  A separate bit should be used to notify UEs of EAB update and a barring bitmap update shouldn’t trigger an SI update.  

Proposal 15 The presence of the system modification information in the NB-PDCCH indicates that there is no PDSCH
Proposal 16 When the eNB has to simultaneously send a paging record and a system information modification notification in the same PO, then the Paging message should include both system information modification and the paging record (e.g. the NB-PDCCH schedules the PDSCH and doesn’t need to include the system information change)
Proposal 17 If eDRX cycle > BCCH modification

· UE acquires the systemInfoValueTag in MIB just before initiating RRC Connection establishment procedure  

· Paging notification mechanism is supported to notify UEs:

· A new indication systemInfoModification-eDRX is defined in paging message and DCI
· When receiving the indication, eDRX UE acquires the new SI at the radio frame boundaries defined by a formula based on a maximum eDRX cycle (e.g. H-SFN mod m_eDRX = 0)
Proposal 18 Allow scheduling of paging message to be done on a UE ID basis or P-RNTI
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