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1 Introduction

It was agreed in RAN1 NB-IoT Ad-Hoc that (see [2])
· NB-MIB includes at least
· SFN
· FFS: Detailed information
· FFS on LTE CRS information
· FFS on NB-RS information
· SIB1 scheduling information
· Operation mode
· FFS: Details at least including explicit or implicit signaling
· FFS on CFI
· FFS on system BW
· FFS on FDD/TDD indication
This document proposes some further design considerations for NB-MIB for the physical layer.
2 System frame number (SFN)
The downlink timing is proposed to be fully aligned with LTE in order to maximize the synergy with LTE in in-band operation. That means the NB-IoT SFN period is 10240 ms (i.e. 1024 radio frames).

Since the NB-PBCH TTI boundary is 640 ms, the 6 least significant bits of NB-IoT SFN is already known by the UE after NB-PBCH decoding, and only the 4 most significant bits of NB-IoT SFN need to be indicated in NB-MIB.
Proposal 1: The 4 most significant bits of NB-IoT SFN are indicated in NB-MIB.
3 LTE CRS information and operation mode
It was agreed in RAN1 NB-IoT Ad-Hoc meeting that for NB-PDCCH, “LTE CRS (if present) is rate matched”. Hence the LTE CRS location should be identified in NB-MIB. This can be achieved by indicating the LTE system bandwidth and the NB-IoT specific PRB index.
The LTE system bandwidth can be grouped by “3 MHz, 5 MHz, 15 MHz” (where the frequency offset between the center frequency of a potential NB-IoT carrier and the 100 kHz channel raster is 7.5 kHz) and “10 MHz, 20 MHz” (where the frequency offset between the center frequency of a potential NB-IoT carrier and the 100 kHz channel raster is 2.5 kHz). The group index (0 or 1) should be indicated by NB-SSS in order to avoid NB-PBCH demodulation failure due to non-ideal SFO estimation, see [5], [6] and [7]. Hence 2 additional bits are needed in NB-MIB to further indicate the actual LTE system bandwidth within a given group.
Other LTE CRS information (e.g. transmit power) is not seen necessary. For example, it was shown in [8] that using LTE CRS plus NB-RS for channel response tracking provides little link level performance gain comparing to using only NB-RS.
Proposal 2: 2 bits are used to indicate LTE system bandwidth in NB-MIB. 
Since the number of LTE PRBs available for NB-IoT is at most 18 (see [5]), and the UE already knows which half of the LTE system bandwidth the NB-IoT carrier is located in (and consequently the sign of the 2.5 kHz or 7.5 kHz frequency offset) during synchronization, see [6], the number of values that needs to be indicated for the NB-IoT specific PRB index is 18/2=9, which can be represented by 4 bits. 
As a side-effect of NB-IoT specific PRB index indication, the operation mode is also known by using a special PRB index value for “guard-band operation”. (Whether it is standalone operation or not, i.e. whether the frequency offset is 0 kHz or ±2.5/7.5 kHz, is known during synchronization, see [6].)
Proposal 3: 4 bits are used to indicate NB-IoT specific PRB index in NB-MIB.
4 NB-RS information
To reduce the UE complexity, it is proposed to use a single NB-RS pattern for all 3 operation modes, and the transmit power of NB-RS REs can be the same as that of the REs carrying data symbols. Hence there is no need to carry NB-RS information in NB-MIB.
5 SIB1 scheduling information
It is proposed to use 4 bits to indicate the possible combinations of TBS and number of repetitions for NB-SIB1, as shown in Table 1. The exact TBS values can be left to RAN2 to choose and code directly into the ASN.1 after RAN1 has decided the NB-PDSCH TBS table.
Table 1: Proposed coding for “NB-SIB1 scheduling information”

	Coding for “NB-SIB1 scheduling information”
	NB-SIB1 TBS
	#Repetitions

	0
	No NB-SIB1 transmission

	1
	TBS1
	4

	2
	TBS1
	8

	3
	TBS1
	16

	4
	TBS2
	4

	5
	TBS2
	8

	6
	TBS2
	16

	7
	TBS3
	4

	8
	TBS3
	8

	9
	TBS3
	16

	10
	TBS4
	4

	11
	TBS4
	8

	12
	TBS4
	16

	13 - 15
	Reserved


Proposal 4: 4 bits are used to indicate NB-SIB1 scheduling information in NB-MIB.
6 CFI
There was a proposal in the RAN1 NB-IoT Ad-Hoc to indicate CFI in NB-MIB. However, no clear benefit is seen for such a proposal, because the “CFI” for NB-IoT (if any) cannot be used to track the CFI in LTE which may dynamically change per subframe.
Since it has been commonly assumed that the center 6 PRBs in an LTE system will never be used for NB-IoT, for any NB-IoT in-band deployment the number of LTE PDCCH symbols will never exceed 3. It is proposed that NB-IoT downlink transmission never uses the first 3 OFDM symbols (i.e. “CFI” is fixed to 3 for NB-IoT, with no specified UE behavior in case of any other value being used by eNB).
7 TDD/FDD indication
It is proposed to differentiate TDD/FDD during synchronization. Otherwise the resource mappings for NB-PSS/NB-SSS/NB-PBCH have to be the same, and this may impose severe limitations to the design of NB-PSS/NB-SSS, and/or the supportable TDD configurations.

8 Conclusions
In this contribution, the contents of NB-MIB needed by the physical layer are discussed, which can be summarized through the following proposals:
Proposal 1: The 4 most significant bits of NB-IoT SFN are indicated in NB-MIB.
Proposal 2: 2 bits are used to indicate LTE system bandwidth in NB-MIB.
Proposal 3: 4 bits are used to indicate NB-IoT specific PRB index in NB-MIB.
Proposal 4: 4 bits are used to indicate NB-SIB1 scheduling information in NB-MIB.
Proposals for RAN2 related NB-MIB contents can be found in [9]. A complete list is summarized in Annex A.
References
[1] RP-152234, “Revised Work Item: Narrowband IoT (NB-IoT)”, Huawei, HiSilicon, RAN #70, Anaheim, USA, December 2015. 
[2] R1-157783, “Way Forward on NB-IoT”, CMCC, Vodafone, Ericsson, Huawei, HiSilicon, Deutsche Telekom, Mediatek, Qualcomm, Nokia Networks, Samsung, Intel, Neul, CATR, AT&T, NTT DOCOMO, ZTE, Telecom Italia, IITH, CEWiT, Reliance-Jio, CATT, u-blox, China Unicom, LG Electronics, , Panasonic, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, China Telecom, RAN1#83, Phoenix, USA, November 2015.

[3] “RAN1 Chairman’s Notes”, 3GPP RAN1 NB-IoT Ad hoc, Budapest, Hungary, January 2016.
[4] 3GPP TR 45.820, “Technical Specification Group GSM/EDGE Radio Access Network; Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”.
[5] R1-160313, “Channel raster design”, Huawei, HiSilicon, RAN1#84, St Julian’s, Malta, February 2016.
[6] R1-160311, “Synchronization signal design”, Huawei, HiSilicon, RAN1#84, St Julian’s, Malta, February 2016.
[7] R1-160319, “NB-PBCH evaluation”, Huawei, HiSilicon, RAN1#84, St Julian’s, Malta, February 2016.
[8] R1-160027, “Downlink reference signal design”, Huawei, HiSilicon, RAN1 NB-IoT Ad hoc, Budapest, Hungary, January 2016.
[9] R2-161382, “Contents of MIB from RAN2”, Huawei, RAN2#93, St Julian’s, Malta, February 2016.
Annex A Summary of NB-MIB contents relating to both RAN1 and RAN2
Below is a summary of NB-MIB contents relating to RAN1 and RAN2.
Table 1: Summary of NB-MIB contents
	Relevant WG
	Parameter
	#Bits

	RAN1
	NB-IoT SFN
	4

	RAN1
	LTE system bandwidth
	2

	RAN1
	NB-IoT PRB index
	4

	RAN1
	NB-SIB1 scheduling information
	4

	RAN2
	System information value tag
	5

	RAN2
	Access class barring flag
	1

	RAN2
	Spare bits
	14

	Total
	34


