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1 Introduction
This document provides further considerations based on the agreements for system information change notification so far. According to the analysis of the procedure of UE reading updated system information in NB-IoT, an optimization for system information change update is proposed.
According to the agreements in RAN2#93, the following is agreed:

· We assume that H-SFN is sent in SIB1. FFS if some part need to be sent in MIB. 
· Update of H-SFN do not impact the value tag.
· The principles for Update and the related UE assumptions for how the UE detects SI change using both the MIB Value tag and the SI short Value tags is exactly as for eMTC.
· SIB1 contains information that the UE needs for suitability check of a cell. 

· SIB2 etc contains information that the UE needs when camped on a cell. 

· To consider the following points related to the SI notification through paging:
· UEs, using DRX cycle that is greater than the BCCH modification period, do not use the systemInfoModification (which might be sent in paging) to know about changes of the SI message while in RRC_IDLE.
· UEs, using DRX cycle that is smaller or equal to the BCCH modification period, do use the systemInfoModification (which might be sent in paging) to know about changes of the SI message while in RRC_IDLE.

· Take as a baseline that the same definition as for eDRX applies for NB-IoT, which is captured in the endorsed CR to 36.331 as "If the UE configured with a DRX cycle longer than the modification period receives a Paging message including the systemInfoModification-eDRX, it acquires the new system information at the next H-SFN boundary defined by H-SFN mod X = 0". 
· X = 1024. 
· We confirm that The changes of AC barring information sent within SIB-AC are not indicated to the UEs. The network only indicates when scheduling information of SIB-AC is included in SIB1 (i.e. through a change of the system information value tag sent in MIB or through the systemInfoModification sent in paging).

· The SIB(s) to be considered for NB-IoT:

· SIB1-nb - Cell access/selection, other SIB scheduling

· SIB2-nb - radio resource configuration information

· SIB3-nb - Cell re-selection information for intra-frequency, inter-frequency

· SIB4-nb - Neighboring cell related information relevant for intra-frequency cell re-selection

· SIB5-nb - Neighboring cell related information relevant for inter-frequency cell re-selection

· SIB16-nb - GPS time and UTC info (we can reuse the LTE SIB16). 
· SIB14-nb - Access barring
2 Discussion
SI modification done by PDCCH or paging record
After RAN2#93 meeting, one remaining FFS issue is whether paging for SI modification is done only by PDCCH or if it also includes a paging record.
Although in legacy LTE, the SI modification indication is indicated within a paging message, it’s unnecessary to make a paging message only for indicating the SI modification if there are no UE paging records to be included. 
The main factor to be considered is the signaling overhead for SI modification indication. If a paging message is created only for SI modification indication, a number of PDCCH repetitions and additional number of PDSCH message repetitions are to be transmitted. Considering the very limited resources for NB-IoT system, this is a big waste of downlink resources.
Another factor to be weighted is the UE power consumption: it’s obviously inefficient in terms of UE power consumption if the UE has to read additional PDSCH messages besides the PDCCH repetitions.
On the other hand, if there is a UE identity to be paged at the same time, a paging message is anyway to be transmitted. Then there are 2 options to indicate the SI modification: one is to put the modification indication in PDCCH, and the other is to put the modification indication in a PDSCH paging message. The main difference in this case is the overhead of PDCCH signaling. We prefer to put the indication in PDSCH message to save PDCCH space.
The analysis is applicable for both systemInfoModification and systemInfoModification-eDRX indicator.
Proposal 1: For both systemInfoModification and systemInfoModification-eDRX, the SI modification is done by PDCCH if there is no UE identity to be paged, and done by a paging message when there is a UE identity to be paged at the same PO.
Further optimization for SI update indication
Compared with legacy LTE, some changes are introduced in NB-IoT to help optimize the procedure of SI update and scheduling. For example, the per-SI value tag is defined to indicate which SI is actually changed, and putting systemInfoValueTag in MIB can save UE power when checking whether the SI is updated.
In the RAN2#93 meeting, the agreement has been reached that paging mechanism is to be used for system information change indication. Considering power saving is essential for NB-IoT UE, we can take detailed inspection into the SI update procedure when a UE receives a systemInfoModification or systemInfoModification-eDRX indication. 
Following are the steps for a UE updating SI after receiving systemInfoModification or systemInfoModification-eDRX indication.
Step 1: UE reads systemInfoModification or systemInfoModification-eDRX indication on its PO.
Step 2: In the next SI update period (next BCCH modification period, or next H-SFN cycle where HSFN = 0), UE reads MIB to update the systemInfoValueTag, and the scheduling information of SIB1. 
Step 3: UE reads updated SIB1 according to the scheduling information in MIB, and get the scheduling information of other SI, and per-SI value tag if indicated in SIB1.
Step 4: UE reads updated SI according to per-SI value tag and the scheduling information.
From these steps for updating system information, we can see that each time a UE receives a  systemInfoModification or systemInfoModification-eDRX indication, the UE needs to read SIB1 before reading other updated SI.
The information carried in SIB1 can be categoried into the following parts: 

· All or part of H-SFN 
· Scheduling information of other SIs

· Per-SI value tag if inclued

· Cell accesss and selection information
For H-SFN, we can assume that when a UE is trying to update the system information, the UE already updated the H-SFN before receiving the paging message.
For per-SI value tag, if there are other updated SI messages, the per-SI value list will be updated. The UE should read this per-SI value tag list for the sake of power saving in next SI update.
For scheduling information, it’s reasonable to assume that the scheduling information will not change frequently since there are no reasons to change it.

So, except for the changes in cell access and selection information and infrequently changed scheduling information, a UE has to read SIB1 just for the update of the per-SI value tag list.
Observation: In most cases, a UE has to read SIB1 just to check which SI is updated and to update the per-SI value tag when the update of system information is indicated.
For the sake of UE power saving, it’s obviously beneficial to save unnecessary readings of SIB1 with the help of additional information carried in paging.

In the case that only per-SI value tag list is changed in SIB1, it’s possible to indicate to the UEs that other information in SIB1 is not changed, and additionally which SI is updated and its per-SI value tag. Thus UEs can skip the reading of SIB1 and just read the changed SI to avoid power consumption.
Since the per-SI value tag list is optional, in the case that the per-SI value tag list is not indicated in SIB1, a bitmap indicating via paging which SI is actually updated would be enough for UE power saving.

If the per-SI value tag list is indicated in SIB1, the bitmap is not enough because UEs have to read SIB1 to update the per-SI value tag list. Thus a list of value tags of changed SI’s is proposed to be included in the paging message along with the bitmap. The value tag of changed SI’s is synchronized with the corresponding one in SIB1.
RAN2#93 meeting has already agreed that SIB2, SIB3, SIB4, SIB5, SIB14 and SIB16 are supported for NB-IoT, and the change of SIB14 (access barring SIB) will not change value tag. Thus, we have at most 5 SI messages (one SI per SIB). This means that the bitmap size should be 5 bit long. To further balance the signaling overhead and UE power saving, the signaling can be designed to support only 3 value tags at most. If more than 3 SI message are to be updated at the same time, the network can indicate the UEs to acquire SIB1 first to read the per-SI value tag list. 
For most cases, this kind of signaling design is enough since it’s not likely that that all SI messages are updated at the same time.
According to RAN1 agreements, DCI format N2 is used for paging and direct indication (SI modification indication). The DCI format N2’s size is 14bits (CRC not included), available for paging resource or direct indication. When it is used for direct indication, except two bits used for system information indication, other bits are spare at the moment. So it’s feasible to include the proposed information in DCI format N2.
Proposal 2: For the sake of UE power consumption minimization, when notifying the update of system information, the network indicates which SI is actually changed and the per-SI value tag of the actually changed SI, if indicated in SIB1.
As a reference, the annex of this contribution presents the example message definition of DCI format N2 and paging message respectively.
3 Conclusion

Proposal 1: the SI modification is done by PDCCH if there is no UE identity to be paged, and done by a paging message when there is a UE identity to be paged at the same PO.
Observation: In most cases, a UE has to read SIB1 just to check which SI is updated and to update the per-SI value tag when the update of system information is indicated.

Proposal 2: For the sake of UE power consumption minimization, when notifying the update of system information, the network indicates which SI is actually changed and the per-SI value tag of the actually changed SI, if indicated in SIB1.
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Example definition of DCI format N2

The following information is transmitted by means of the DCI format N2:

Flag for paging/direct indication differentiation – 1 bit, with value 0 for direct indication and value 1 for paging

If Flag=0:
- Direct Indication information – [2] bits provide direct indication of system information update and other fields, as defined in [6]. One bit is used for systemInfoModification, and another for systemInfoModification-eDRX
- Need updated SIB1 – 1 bit indicates whether UE needs to update SIB1 for this SI modification.

- Updated SI bitmap – 5 bits indicate which SI’s are updated

- Updated SI value tag list – 6 bits, 2 bits for an updated SI message, support 3 SI updates at the same time. The first 2 bits indicate the updated value tag of first updated SI message in Updated SI bitmap, second 2 bits indicate the updated value tag of the second updated SI message in SI bitmap, and the last 2 bits indicate the updated value tag of the third updated SI message in SI bitmap.

- Reserved information bits are added until the size is equal to that of format N2 with Flag=1

If Flag=1:

- Resource block assignment – as described in format N1. 

- Modulation and coding scheme – as described in format N1. 

- Repetition number – [x] bits as defined in section x.x of [3]

- DCI subframe repetition number – [x] bits as defined in section x.x of [3]

Example definition of paging message

-- ASN1_NB_START

Paging-NB-r13 ::=




SEQUENCE {


pagingRecordList-NB-r13



PagingRecordList-NB-r13 

OPTIONAL,
-- Need ON


systemInfoModification-NB-r13

ENUMERATED {true}



OPTIONAL,
-- Need ON


systemInfoModification-eDRX-NB-r13
ENUMERATED {true}



OPTIONAL,
-- Need ON
     SIB1NeedUpdate





BOOLEAN





OPTIONAL,


UpdatedSIMessage 




BIT STRING (SIZE (maxSI-Message-NB-r13))
OPTIONAL,

UpdatedSystemInfoValueTagList-NB-r13 ::=
SEQUENCE (SIZE (1..maxSI-Message-NB-r13)) OF SystemInfoValueTagSI-NB-r13 OPTIONAL,

nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

PagingRecordList-NB-r13 ::=


SEQUENCE (SIZE (1..maxPageRec)) OF PagingRecord-NB-r13

PagingRecord-NB-r13 ::=




SEQUENCE {


ue-Identity-NB-r13





PagingUE-Identity,


...

}

-- ASN1_NB_STOP
	SystemInformationBlockType1 field descriptions

	SIB1NeedUpdate

Indicate whether UE need to update SIB1. If false, UE skip reading SIB1 when update the system information

	UpdatedSIMessage

The bitmap indicate which SI message is updated.

	UpdatedSystemInfoValueTagList-NB-r13
The updated SI message’s value tag list



