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Introduction
Related to System Information scheduling it was agreed at RAN2#92 that [1]:
· The UE is not required to accumulate several SI messages in Parallel.

Further, it was agreed in RAN1#Ad-hoc2 that [2]:
· One transport block of an SI message is transmitted over 8 consecutive valid DL subframes. 

In the way-forward from RAN2#93bis agreed that [3]:
· The TBS of NB-SIB1 and other SIBs are {208, FFS, FFS, 680}. We will reconsider the FFS-marked values when SI contents has been settled
· The repetition is the same as for eMTC (number of repetitions, timer interval between repetitions). 

Agreements for RAN2#93tris-Ad-hoc [3]:
· System Information message is repeated once in {every 2nd, every 4th, every 8th, every 16th} radio frame within an SI window.
· On TB size for SI messages, we stick with the currently agreed values (from R1). 
· The value range of si-Periodicity for NB-IoT is ENUMERATED {rf64, r128, rf256, rf512, rf1024, rf2048, rf4096}.
· Up to 8 SI-messages can be configured for NB-IoT.
· On the smaller TB sizes for SI messages:
· RAN2 ask R1 to consider additional TB sizes according to R2-163293
· IF RAN1 cannot converge on this RAN2 will use the previous RAN1 agreements. 
· We will have an email discussion to agree on the  LS to R1

In this contribution, the remaining aspects with regards to System Information scheduling for NB-IoT is discussed.
[bookmark: _Ref178064866]Discussion
For SI-message scheduling, the remaining open issues are the inclusion of TBSs smaller than 208 bits and whether the repetition indication should be per SI-message or common to all SI-messages. Regarding the first issue, an LS has been sent to RAN1 and the potential inclusion of smaller TBSs is now up to RAN1. The second issue, i.e. SI-message repetition indication, is discussed in this contribution.  
System Information message repetition
[bookmark: _Toc438290313][bookmark: _Toc439849836]For NB-IoT it has been agreed to define the SI repetitions in the same way as for eMTC: “The repetition is the same as for eMTC (number of repetitions, timer interval between repetitions)”, which was done with after some necessary adoption to NB-IoT, i.e. ‘System Information message is repeated once in {every 2nd, every 4th, every 8th, every 16th} radio frame within an SI window.’ However, this agreement does not mention whether the repetition is indicated per SI-message or if it is common to all SI-messages and this remains to be resolved for NB-IoT.
If the repetition is common to all SI-messages, configuration per SI message can only be done via si-Periodicity which is quite limiting as described further below.

SI-message repetition needs
Table 1 below visualizes the MCS/TBS table for NB-IoT. The TBS values 208 and 680 during 8 subframes have so far been agreed for SI-messages. As different SI-messages have different contents/sizes, it can be understood that different TBSs will be chosen for the different SI-messages. As a consequence, these different SI-messages will have different MCSs. For example in the in-band scenario and disregarding non-valid subframes for the sake of simplicity, an SI-message that has TBS 208 has roughly the coding rate 0.13[footnoteRef:1], whereas an SI-message that has TBS 680 has roughly the coding rate 0.4. It can then be understood that the SI-message with TBS 208 has considerably more redundancy embedded than the SI-message with TBS 680 and needs not be repeated as many times as the latter SI-message for reaching the same coverage level. [1:  208 bits / ( (100 REs * 2 bits) * 8 subframes)] 

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696 680

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328 88
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712 680
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536


[bookmark: _Ref451352878]Table 1: MCS/TBS table for NPDSCH where valid entries are highlighted. The green-coloured entries have so far been decided for SI-messages.
Different SI-messages will have different MCSs and require different amount of repetition for reaching the same amount of coverage.

One might think that with a common repetition, still si-Periodicity can be used as a tool to configure the system information broadcast. However, combinations of a common repetition factor and different si-Periodicity leads either to excessive amount of repetition as outlined in Figure 1a) and unnecessarily waste of DL resources or leads to the requirement the UEs needs to collect SI-messages across si-Windows as seen in Figure 1b).  However, due to simplicity of the NB-IoT UEs and the limited amount of memory thereof and the agreements from RAN2#92, UEs will most probably not accumulate SI message across multiple SI-windows in parallel but rather treat SI-messages one-by-one sequentially across si-Windows. This leads to excessive amount of delay and battery consumption for acquiring SI-messages compared to having suitable repetition rate per SI-message. Further, the UE implementation becomes more complex as a result of having to consider various modification periods for different SIB/SIs during such acquisition. This is visualized in Figure 1 below.
Using si-Periodicity as the only tool for configuring SI-specific schedule leads to either non-optimal DL resource usage or complex UE implementation and delays in the system.



[image: ]
[bookmark: _Ref451278456]Figure 1: Schematic illustration of SI-message scheduling with SI-message common amount of repetition. Figure a) illustrates the case of repetitions in every 2nd radio frame and b) the case of repetitions in every 8th radio frame.
It shall be noted that being able to configure repetition per SI message is also in line with legacy LTE, where the network via PDCCH can dynamically schedule different amounts of transmissions per si-Window for different SI-messages. 
In legacy LTE, the amount of repetition could be controlled per SI-message.

It is also important to note that compared to other features/functionality, the nature of the SI broadcast scheduling is such that what is decided in Rel-13 will have to be valid for all future releases if backwards compatibility is considered.
The nature of the SI broadcast scheduling is such that what is decided in Rel-13 will have to be valid for all future releases if backwards compatibility is considered.

The only drawback of allowing SI-specific number of repetitions is the cost of 2 SIB1-NB bits per SI-message for SI-messages after the first SI-message, e.g. 6 bits instead of 2 bits when 3 SI-messages are used.

Therefore we propose the following:
[bookmark: _Toc449454325][bookmark: _Toc449538247][bookmark: _Toc449549440][bookmark: _Toc449564670][bookmark: _Toc449565660][bookmark: _Toc449567002][bookmark: _Toc451238175][bookmark: _Toc451238218][bookmark: _Toc451240778][bookmark: _Toc451289028][bookmark: _Toc451289224]si-RepetitionPattern-r13 is indicated per SI-message in SIB1-NB.

ASN.1 proposal
Including the repetition indication per SI-message would only increase the SIB1-nb size by two bits per SIB-message after the first one. This can be seen from the below text proposal:

SystemInformationBlockType1-NB message
-- ASN1START

SystemInformationBlockType1-NB ::=	SEQUENCE {
	hyperSFN-MSB-r13					BIT STRING (SIZE (8)),
	cellAccessRelatedInfo-r13			SEQUENCE {
		plmn-IdentityList-r13				PLMN-IdentityList-NB-r13,
		trackingAreaCode-r13				TrackingAreaCode,
		cellIdentity-r13					CellIdentity,
		cellBarred-r13						ENUMERATED {barred, notBarred},
		intraFreqReselection-r13			ENUMERATED {allowed, notAllowed}
	},
	cellSelectionInfo-r13				SEQUENCE {
		q-RxLevMin-r13						Q-RxLevMin-NB-r13,
		q-QualMin-r13						Q-QualMin-NB-r13
	},
	p-Max-r13							P-Max-NB-r13					OPTIONAL,	-- Need OP
	freqBandIndicator-r13				FreqBandIndicator-NB-r13,
	freqBandInfo-r13					NS-PmaxList-NB-r13				OPTIONAL,	-- Need OR
	multiBandInfoList-r13				MultiBandInfoList-NB-r13		OPTIONAL,	-- Need OR
	downlinkBitmap-r13					DL-Bitmap-NB-r13,			
	eutraControlRegionSize-r13			ENUMERATED {n1, n2, n3}			OPTIONAL,	-- Cond inband
	nrs-CRS-PowerOffset-r13				ENUMERATED {dB-6,      dB-4dot77, dB-3,
													dB-1dot77, dB0,       dB1,
													dB1dot23,  dB2,       dB3,
													dB4,       dB4dot23,  dB5,
													dB6,       dB7,       dB8,
													dB9}		OPTIONAL,	-- Cond inband-samePCI
	schedulingInfoList-r13				SchedulingInfoList-NB-r13,
	si-WindowLength-r13					ENUMERATED {ms160,  ms320,  ms480,	ms640, 
													ms960,	ms1280, ms1600, spare1},
	si-RepetitionPattern-r13			ENUMERATED {every2ndRF, every4thRF,  
													every8thRF,  every16thRF},
	si-RadioFrameOffset-r13				INTEGER (1..15)		OPTIONAL,	-- Need OP 
	systemInfoValueTagList-r13			SystemInfoValueTagList-NB-r13	OPTIONAL,	-- Need OR
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

PLMN-IdentityList-NB-r13 ::=		SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo-NB-r13

PLMN-IdentityInfo-NB-r13 ::=		SEQUENCE {
	plmn-Identity						PLMN-Identity,
	cellReservedForOperatorUse			ENUMERATED {reserved, notReserved},
	attachWithoutPDN-Connectivity		ENUMERATED {true}	OPTIONAL	-- Need OP
}

SchedulingInfoList-NB-r13 ::= SEQUENCE (SIZE (1..maxSI-Message-NB-r13)) OF SchedulingInfo-NB-r13

SchedulingInfo-NB-r13::=		SEQUENCE {
	si-Periodicity-r13				ENUMERATED {rf64, rf128, rf256, rf512,
												rf1024, rf2048, rf4096, spare},
	sib-MappingInfo-r13				SIB-MappingInfo-NB-r13,
	schedulingInfoSI-r13			SEQUENCE {
	si-RepetitionPattern-r13		ENUMERATED {every2ndRF, every4thRF,  
													every8thRF,  every16thRF},

	si-TBS-r13						ENUMERATED {b208, b-TBD1, b-TBD2, b680}
    }
	
}

SystemInfoValueTagList-NB-r13 ::= 	SEQUENCE (SIZE (1.. maxSI-Message-NB-r13)) OF
										SystemInfoValueTagSI-r13

SIB-MappingInfo-NB-r13 ::= 			SEQUENCE (SIZE (0..maxSIB-1-NB-r13)) OF SIB-Type-NB-r13

SIB-Type-NB-r13 ::=					ENUMERATED {
										sibType3-NB-r13, sibType4-NB-r13, sibType5-NB-r13, 
										sibType14-NB-r13, sibType16-NB-r13, spare3, spare2, spare1}


-- ASN1STOP

Conclusion
In this contribution we have discussed the access control for NB-IoT. In section 2 we made the following observations and proposal:

1. Different SI-messages will have different MCSs and require different amount of repetition for reaching the same amount of coverage.
Using si-Periodicity as the only tool for configuring SI-specific schedule leads to either non-optimal DL resource usage or complex UE implementation and delays in the system.
In legacy LTE, the amount of repetition could be controlled per SI-message.

The nature of the SI broadcast scheduling is such that what is decided in Rel-13 will have to be valid for all future releases if backwards compatibility is considered.
[bookmark: _GoBack]
Proposal 1	si-RepetitionPattern-r13 is indicated per SI-message in SIB1-NB.
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