3GPP TSG RAN WG2 #91bis
 Tdoc R2-154170
Malmö, Sweden, October 5-9, 2015

Agenda Item:
7.16.2.1 
Source: 
Ericsson
Title:  
System Information Broadcast for NB-IOT
Document for:
Discussion and Decision

1 Introduction
In RAN#69, a new work item called Narrowband Internet of Things NB-IOT [1] was agreed. 
This contribution aims to discuss the system information broadcast concept for NB-IOT.
2 Discussion
In Rel-13 MTC CE/LC work, System Information (SI) structure and mechanism has been discussed largely. This is because the low cost UEs support only 6 PRB and for coverage extension, repetitions are needed to ensure that the UEs can acquire System Information Blocks (SIBs). Even some physical layer issues may change (like the available size of transport block and the number of repetitions), we consider that many principles addressed in the context of Rel-13 MTC apply for NB-IOT as well. Hence, the intention in the current paper is to have Rel-13 MTC handling of system information as baseline.  This means that the system information broadcast concept for NB-IOT maintains similar flexibility as for MTC and legacy LTE system information block (SIB) concept with e.g. SI windows containing several SIBs, modification period concept, and variable SIB sizes with possibility to configure parameters/features as required by the operator. Just as in legacy LTE, the SIBs are seen as valid until a validity timer expires and/or the operator updates the contents. 
Also similar to legacy behaviour, the procedure is that the NB-IOT UE starts off in a cell by reading the master information block (MIB). Based on information in the MIB, the UE carries on reading SIBs starting with SIB1 which provides necessary information for being able to read remaining SIBs.

Nevertheless, some necessary changes (mainly due to the nature of the physical layer of NB-IOT) and also some improvements are proposed below for discussion.
2.1 Master Information Block (MIB)
In contrast to Rel-13 MTC, it is assumed that NB-IOT UEs do not rely on legacy LTE MIB transmission. On the other hand, legacy LTE UEs do not read NB-IOT MIBs either. This means MIB transmission in NB-IOT does not need to include legacy information. Furthermore, current MIB parameters do not provide necessary information needed for NB-IOT physical layer processing. As a result of this (as pointed out in [2]), a new MIB (NB-IOT MIB) is suggested instead of the legacy MIB, providing necessary information. NB-IOT MIB has itself a fixed schedule just as in legacy, but needs to provide scheduling information for SIB1 as no scheduling for SIBs are done through EPDCCH.

We consider that MIB for NB-IOT should include timing information (SFN) as today. Then, as said, it is expected that SIB1 is not scheduled by EPDCCH and thus scheduling info of SIB1 needs to be included. 
In legacy LTE, one objective for the MIB was to keep its contents to a minimum. Therefore, the systemInfoValueTag (used for pointing out possible updates in SI), was put in SIB1. As a result, a UE in legacy LTE needs to at least capture both the MIB and SIB1 each time upon concluding on whether SI update has taken place. For NB-IOT, for the sake of battery power saving, it is hereby suggested that the systemInfoValueTag is moved to NB-IOT MIB. This helps in relieving the UE from capturing both MIB and SIB1 upon concluding whether an SI update has taken place. It should be noted though that for Rel-13 MTC, it is currently being discussed to have a value tag per SI message. Based on the outcome of that discussion, it might become relevant to have a value tag per SI for NB-IOT as well. 
Based on the above, a list of fields for the MIB would be following (similar as proposed in [2]):
· systemFrameNumber (also present in legacy MIB, it is currently FFS whether this might be extended SFN instead as discussed in the context of Rel-13 MTC),
·  systemInfoValueTag,
· SIB1SchedulingInformation,
· PRBPosition

OPTIONAL

Proposal 1: RAN2 should revisit the content of MIB due to the nature of NB-IOT physical layer and also consider moving the systemInformationValueTag from legacy SIB1 to NB-IOT MIB to enable fast detection of system information change.
2.2 System Information Blocks (SIBs)

2.2.1 NB-IOT SIBs

Since NB-IOT functionality is limited compared to legacy LTE; e.g. no voice bearers, IRAT mobility, MBMS, ETWS, CSG, etc., it is assumed that many of the legacy LTE SIBs are not needed for NB-IOT. Hence, SIBs such as:

SIB7: GERAN neighbouring cell information

SIB8: CDMA200 neighbouring cell information

SIB9: Home eNode B information

SIB10, and 11: ETWS primary information and secondary information
SIB12: CMAS information
SIB13, and 15: MBMS information
SIB16: GPS information

SIB17: WLAN offloading information

SIB18: Sidelink UE information

could be omitted for NB-IOT systems. As a result, less information would be broadcast on air interface and also less implementation in the UEs for decoding of messages. As also discussed in the context of MTC devices [3], it is proposed that only a subset of the legacy SIBs is needed for NB-IOT. This SIBs are listed below together with a brief description of their contents: -SIB1: PLMN Id, Tracking area code, Cell selection parameters, Scheduling information for other SIBs
-SIB2: Radio resource configuration, Access class barring
-SIB3: Cell reselection parameters
-SIB4: Intra-frequency neighbour cell list
-SIB5: Inter-frequency neighbour cell list
-SIB14: Extended access class barring
For NB-IOT, we consider that it is straightforward to keep the same SIB structure as mentioned above. Whether access class barring information of SIB2 and SIB14 are merged into one SIB (e.g. new SIB2 could contain all relevant barring information and makes SIB14 unnecessary) is FFS.

Similar to Rel-13 MTC, the scheduling information in SIB1 needs to be extended so that it provides all necessary scheduling information
 needed for decoding other SIBs. On the other hand, not all IEs from the aforementioned SIBs (1-5, and 14) are needed. Hence with the same goal as in Rel-13 MTC of minimizing the amount of information broadcast, it is proposed that new versions of SIBs are introduced. One option is to re-use new SIBs introduced for Rel-13 MTC or introduce totally new SIBs. This can be discussed later.

The 1000 bits TB size restriction discussed for MTC devices is assumed for NB-IOT as well.
Proposal 2: RAN2 to agree that for NB-IOT, only a subset of legacy LTE SIBs (SIBs 1-5, and 14) are needed.
Proposal 3: RAN2 to agree that the new SIBs are used for NB-IOT which may have  different fields and range of values as compared to legacy. It is FFS if SIBs introduced for REl-13 MTC can be re-used. 
2.2.2 SI acquisition
For MTC devices, in RAN2#90, it was agreed for the UEs to acquire/soft-combine SI messages across multiple SI windows (interleaved) in order to achieve extended coverage while at the same time not adding too much delay in acquisition of SI for UEs in good coverage
. In this paper it is proposed that the same thing is possible for NB-IOT UEs.
Proposal 4: RAN2 to agree that the SI messages can be combined across multiple SI windows.
Some SIBs (e.g. SIBs 3, 4, and 5 needed for cell reselection) are not really essential for a UEs being in good coverage and/or stationary. Hence, for the sake of battery power saving, it is proposed that UEs experiencing coverage above a certain threshold value and/or stationary need not capture/update non-essential SIBs. Such threshold could e.g. be introduced in SIB1. It is currently FFS how to determine whether the UE is stationary.
Proposal 5: RAN2 to consider quality thresholds for the NB-IOT UEs related to need for reading and updating non-essential SIBs.
2.2.3 SI update
For SI update, we consider that the approach introduced for Rel-13 MTC should be reused for NB-IOT as baseline. Rel-13 MTC mechanism is close to legacy SI reception mechanism including SI periodicity, SI window and BCCH modification period, modification concept both through paging (systemIfoModification) and checking of systemInfoValueTag.. On the other hand, smaller modifications like new value ranges may be needed for NB-IOT.
In legacy LTE, upon SI update, it is expected that UE implementations rely on being notified through paging message (systemInfoModification) rather than checking systemInfoValueTag at every modification period due to power-saving reasons. It is important to design a system where the NB-IOT UE does not need to check systemInfoValueTag too often. On the other hand, how these two mechanisms interact depends eDRX cycle configured for the UE. Currently, work is ongoing in the context of eDRX for SI update on top of MTC discussion and we consider that outcome of that discussion should be taken into account in NB-IoT design. It is preferable to adopt the same mechanisms if they are suitable for NB-IOT.
The SI content validity timer in legacy LTE is 3 hours. With legacy systemInfoValueTag, an operator has the possibility to update its system information 32 times (value range for systemInfoValueTag: 0..31) within the 3 hours. As the number of SIBs proposed is far less than as in legacy LTE, an operator might want to have longer validity time than 3 hours. A UE would benefit from not having to verify the validity contents after 3 hours if still valid. Hence it would be beneficial if an operator would have the choice to configure the timer. Such configuration could be optional and present in e.g. NB-IOT MIB.
Proposal 6: RAN2 to consider possibility to optionally configure SI content validity timer (legacy fixed 3 hours).
3 Summary

RAN2 is kindly asked to the L23 issues for NB-IOT: 
Proposal 1: RAN2 should revisit the content of MIB due to the nature of NB-IOT physical layer and also consider moving the systemInformationValueTag from legacy SIB1 to NB-IOT MIB to enable fast detection of system information change.

Proposal 2: RAN2 to agree that for NB-IOT, only a subset of legacy LTE SIBs (SIBs 1-5, and 14) are needed.
Proposal 3: RAN2 to agree that the new SIBs are used for NB-IOT which may have  different fields and range of values as compared to legacy. It is FFS if SIBs introduced for REl-13 MTC can be re-used. 

Proposal 4: RAN2 to agree that the SI messages can be combined across multiple SI windows.
Proposal 5: RAN2 to consider quality thresholds for the NB-IOT UEs related to need for reading and updating non-essential SIBs.
Proposal 6: RAN2 to consider possibility to optionally configure SI content validity timer (legacy fixed 3 hours).
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� Time, frequency, MCS/TBS


� Extended coverage can be achieved by accumulating from single SI windows of large length, but has the drawback for UEs in good coverage as the acquisition time becomes unnecessary long.
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