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Discussion and decision
1 Introduction
During RAN2#112-e contribution [1] identified possible issue with SIB acquisition during RRC_INACTIVE by a UE configured with eDRX for RRC-IDLE mode. This topic was further discussed over email and report is in [2]. No conclusions reached after online discussion and the issue was been postponed.

This document considers the issue higilgheted by [1] and proposes a way forward.
2 Discussion

During RRC-INACTIVE state, an eMTC UE monitors paging occasions following a combination of two paging occasion patterns which consist of the RRC-IDLE mode paging occasion pattern and the RAN paging occasion pattern as depicted in Figure 1.
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 Figure 1 Paging occasion pattern in RRC_INACTIVE
In RRC_INACTIVE state between the RRC_IDLE mode eDRX periods, UE monitors paging occasions according to RAN paging DRX. Note if UE was not using eDRX cycle in RRC_IDLE state then UE monitors paging occasions with the shortest of the two DRX cycles: RRC_IDLE state DRX and RAN paging DRX. 
The paging message can carrier two indicators to indicate system information is going to change from the next BCCH modification period. The indicators are systemInfoModification and systemInfoModification-eDRX and these are used as follows:

· A UE not configured with eDRX or a UE configured with eDRX not longer than modification period is required to follow systemInfoModification. When UE receives systemInfoModification, it is required to acquire system information from the start of next ‘BCCH modification period’. ‘BCCH modification period’ can range from 640ms to 163840ms depending on default DRX cycle in the cell (320, 640, 1280 or 2560ms) and modificationPeriodCoeff (2, 4, 8, 16 or 64).
· A UE configured with eDRX longer than modification period is required to follow systemInfoModification-eDRX. When UE receives systemInfoModification-eDRX, it is required to acquire system information from the start of next ‘eDRX acquisition period’. The ‘eDRX acquisition period’ is 2621.44s (i.e. modification period boundary is defined by H-SFN mod 256 = 0).
To ensure all UEs in RRC_IDLE are able to receive the corresponding system information modification indicator (systemInfoModification or systemInfoModification-eDRX), network needs to send the indicator multiple times – possibly in all paging occasions during the applicable modification period. Note, the longest eDRX cycle can be 2621.44s [3]. Since ‘BCCH modification period’ is smaller than ‘eDRX acquisition period’ then it is possible to change system information multiple times within one ‘eDRX acquisition period’ as depicted in Figure 2.   
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 Figure 2 DRX and eDRX BCCH Modification periods
Within a cell supporting eDRX, some UEs will follow ‘BCCH modification period’ while others will follow ‘eDRX acquisition period’ but all UEs are meant to be using the same set of system information especially for paging and access but UEs allowed to use old information while it is actually acquiring new information.

If network transmits systemInfoModification-eDRX and systemInfoModification as depicted by Case 1 in Figure 2 then there can be issues. For example, if network changes paging configuration parameters such that it alters the paging occasions and/or paging narrowband then UE’s following systemInfoModification will start to use the new paging parameters while UEs following systemInfoModification-eDRX will continue to use the old paging parameters. This is clearly wrong. The way to avoid this issue is to transmit systemInfoModification in the ‘BCCH modification period’ immediately before the of boundary of the ‘eDRX acquisition period’ as shown in Case 2. This ensures all UEs start to receive the updated system information from the same point irrespective of which system information modification indication they follow. Note, this restriction only applies for system information broadcast on BR channels and places no restriction on system information broadcast on normal LTE channels.
Observation 1: When using eDRX, network needs to use systemInfoModification and systemInfoModification-eDRX carefully to prevent miss-operation for some UEs.
In [1], authors say ‘If the BCCH modification period transmitting SI change indication is also in the PTW, the UE can always detect the PAGING with systemInfoModification IE‘, and ‘If the BCCH modification period transmitting SI change indication is outside the PTW, the UE cannot  detect the PAGING with systemInfoModification IE, but it can always detect the PAGING with systemInfoModification-eDRX IE, if transmissed.’ This is not quite accurate because UE can receive either one or both of these indications within a paging message regardless of whether UE follows systemInfoModification Or systemInfoModification-eDRX.

Observation 2: UE in RRC_IDLE or RRC_INACTIVE state can receive either of the two system information modification indications regardless of whether UE follows systemInfoModification or systemInfoModification-eDRX.
The key question is whether a UE in RRC_INACTIVE state should follow systemInfoModification or systemInfoModification-eDRX when in RRC_IDLE mode it would follow systemInfoModification-eDRX. 
From the above observations we conclude that any system information change that leads to a change in paging channel configuration (e.g. changes paging occasion, paging narrowband) has to be done in such a way that UEs following systemInfoModification or systemInfoModification-eDRX are able to receive the updated system information from the same point. 

Observation 3: System information change affecting paging configuration needs be done with care to ensure UEs following systemInfoModification and UEs systemInfoModification-eDRX are reachable.

But if the system information change leads to a change in PRACH configuration (e.g. MPDCCH config, hopping, PRACH-ParametersListCE) then following rules apply (see [4]:

· A UE following systemInfoModification: ‘… verifies that stored system information remains valid by either checking systemInfoValueTag in SystemInformationBlockType1 after the modification period boundary, or attempting to find the systemInfoModification indication at least modificationPeriodCoeff times during the modification period in case no paging is received, in every modification period.’
· A UE following systemInfoModification-eDRX : ‘.. at least one modification period boundary has passed since the UE last verified validity of stored system information, the UE verifies that stored system information remains valid by checking the systemInfoValueTag before establishing or resuming an RRC connection.’
Authors understanding is that in both cases above, modification period is defined by SFN mod m = 0. Therefore, in the case of access, all UEs will use the new system information regardless of whether UE follows systemInfoModification or systemInfoModification-eDRX.
Observation 4: All UEs will use the new system information before access regardless of whether UE follows systemInfoModification or systemInfoModification-eDRX.

Observation 5: UE in RRC_IDLE or RRC_INACTIVE state can receive either of the two system information modification indications regardless of whether UE follows systemInfoModification or systemInfoModification-eDRX.
From the above observations we conclude that UE should follow the same system modification indication in RRC_IDLE and RRC_INACTIVE regardless of the RAN paging cycle.

Proposal 1: UE in RRC_INACTIVE state follows same system modification indication as it does in RRC_IDLE.

Summary

In this document we consider the most appropriate way for network to change system information in eMTC when some UEs follow systemInfoModification while other UEs follow systemInfoModification-eDRX and make following observations:
Observation 1:
When using eDRX, network needs to use systemInfoModification and systemInfoModification-eDRX carefully to prevent miss-operation for some UEs.
Observation 2:
UE in RRC_IDLE or RRC_INACTIVE state can receive either of the two system information modification indications regardless of whether UE follows systemInfoModification or systemInfoModification-eDRX.
Observation 3:
System information change affecting paging configuration needs be done with care to ensure UEs following systemInfoModification and UEs systemInfoModification-eDRX are reachable.
Observation 4:
All UEs will use the new system information before access regardless of whether UE follows systemInfoModification or systemInfoModification-eDRX.
Observation 5:
UE in RRC_IDLE or RRC_INACTIVE state can receive either of the two system information modification indications regardless of whether UE follows systemInfoModification or systemInfoModification-eDRX.


From the above observations, we reached following proposal:
Proposal 1:
UE in RRC_INACTIVE state follows same system modification indication as it does in RRC_IDLE.
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