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Introduction
In the RAN1 #83 meeting, the following agreements were made on NB-IoT synchronization signal design [1].
	Agreements:
· Confirm working assumption on supporting 504 PCIDs
· PCID is indicated by NB-SSS 
· FFS whether some bits of the NB-IoT frame number are derived from NB-SSS
· FFS how many bits of NB-IoT frame number are indicated
· FFS relationship (if any) between NB-IoT frame number and SFN of LTE in guard-band and in-band cases
· Operation mode is indicated in one of the following ways:
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9]Alt-1:Indication is by NB-SSS
· Alt-2: Indication is by NB-MIB
· Other options are not precluded
· FFS whether the number of values that can be indicated is equal to or less than the number of operation modes (i.e. 3) 


In this contribution, we share our considerations on the indication of operation mode for NB-IoT.
Discussions
NB-IoT is a new radio access system for cellular internet of things which is not backward-compatible with E-UTRA. According to the revised work item on narrowband IoT [2], NB-IoT should support 3 different modes of operation:
1. ‘Stand-alone operation’ utilizing for example the spectrum currently being used by GSM systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2. ‘Guard-band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band.
3. ‘In-band operation’ utilizing resource blocks within a normal LTE carrier.
For in-band operation, a NB-IoT BS transmits data and signals in resource blocks within a normal LTE carrier. The NB-IoT transmission should not impact the operations of legacy LTE UEs. In the RAN1#83 meeting, it was agreed the first 3 LTE OFDM symbols are not used by NB-PSS/NB-SSS and NB-PSS/NB-SSS are punctured by LTE CRS if a collision exists. 
For stand-alone and guard-band operations, the resource blocks to be used is not within the normal LTE carrier. There is no any collision with the signals transmitted from LTE system. In other words, the constraints in in-band operation do not exist in stand-alone and guard-band operations. So in-band operation should be distinguished from stand-alone and guard-band operations. 
Guard-band operation utilizes the unused resource blocks within a LTE carrier’s guard-band. If guard-band operation shares the same transceiver with the normal LTE carrier, the transmission power for guard-band operation will be constrained by the maximum transmission power of the LTE carrier which should be shared by the NB-IoT carrier and the LTE carrier. This constraint will impact the reception performance for guard-band operation. While stand-alone operation can take full use of the transmission power of NB-IoT BS without any constraints. So it is better to distinguish guard-band operation from stand-alone operation. Therefore we propose the number of values that can be indicated is equal to the number of operation modes.               
Proposal 1:
· The number of values that can be indicated is equal to the number of operation modes.

In order to optimize the design for the 3 modes of operation respectively, the mode of operation should be indicated as early as possible. In the RAN1#83 meeting, two ways were proposed to indicate the mode of operation: 
· Alt-1: Indication is by NB-SSS
· Alt-2: Indication is by MIB. 
And it was agreed that, for in-band operation, it shall be possible for NB-IoT UE to decode NB-PBCH without knowing the legacy PRB index (i.e. a single fixed predefined PRB location NB-IoT is precluded). In other words, a NB-IoT UE in in-band cannot decode NB-PBCH based on legacy CRS. A new RS should be designed for NB-PBCH demodulation. 
If Alt-2 is selected, a same design should be adopted for NB-PSS/NB-SSS and NB-PBCH for all the 3 modes of operation. For example, to avoid the collision between NB-PBCH and LTE signals such as PDCCH (3 OFDM symbols), legacy CRS (16 REs for 4 antenna ports), and new RS (16 REs as an example [3-6]), 100 REs (11 OFDM symbols * 12 subcarriers - 16 REs - 16 REs) can be used for NB-PBCH transmission with normal CP in all the 3 operation modes.
On the other hand, if Alt-1 is selected, since UE can identify the operation mode by NB-SSS, 152 REs (14 OFDM symbols * 12 subcarriers - 16 REs (for new RS)) can be used for the transmission in guard-band and stand-alone operation modes. This can improve the performance of NB-PBCH, since coding rate of NB-PBCH signal can be lower.
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	Figure 1. BLER performance of NB-PBCH transmission



Figure 1 shows the evaluation results of BLER performance of NB-PBCH signal. We assume the following assumption for each performance [3].
· ‘Rate matching for LTE signals’: Alt-1 in in-band operation, and Alt-2 with a same design of RE mapping is applied regardless of the operation mode, i.e. 100 REs can be used per subframe. 
· ‘Full mapping’: Alt-1 in guard-band or stand-alone operation, i.e. 152 REs can be used per subframe.
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	Figure 2. NB-PBCH mapping for our evaluations



Other simulation parameters are listed in Annex. As shown in this figure, the performance gain of ‘Full mapping’ compared with ‘Rate matching for LTE signals’ is around 2 dB. It is better to indicate the mode of operation before the reception of NB-PBCH by NB-SSS.
Proposal 2:
· The mode of operation is indicated by NB-SSS. 

Conclusion
In this contribution, we have the following proposals:
Proposal 1:
· The number of values that can be indicated is equal to the number of operation modes. 
Proposal 2:
· The mode of operation is indicated by NB-SSS.

References
[bookmark: _Ref366767693][bookmark: _Ref275976890][bookmark: _Ref302982356][bookmark: _Ref314143987][bookmark: _Ref318668252][bookmark: _Ref319185883]3GPP RAN1 #83 chairman’s notes, November 2015.
RP-152284, Huawei, HiSilicon, “Revised Work Item: Narrowband IoT (NB-IoT)”, 3GPP RAN#70, Sitges, Spain, December 7-10, 2015.
R1-156805, Samsung, “Broadcast Channel Design”, RAN1#83, Anaheim, USA, November, 2015
R1-156972, MediaTek, Inc., “General considerations on NB-IOT DL physical layer design”, RAN1#83, Anaheim, USA, November, 2015
R1-157419, Ericsson, “NB-IoT - DL Design”, RAN1#83, Anaheim, USA, November, 2015
R1-156462, Huawei, HiSilicon, “NB-IOT - downlink physical layer concept description”, RAN1#83, Anaheim, USA, November, 2015

Annex	Simulation parameters
Table 1 shows the simulation assumptions.
Table 1. Simulation assumption
	Parameters
	Assumption / Value

	Carrier frequency
	900 MHz

	Bandwidth of NB-IoT
	180 kHz (1 PRB of LTE system)

	Channel model
	TU1 (fD = 1 Hz)

	Antenna configuration
	2 Tx for NB-IoT BS
1 Rx for NB-IoT UE

	Transmission mode
	SFBC

	Payload size
	50 bits (34 bits for data and 16 bits for CRC)

	TTI for NB-PBCH
	640 ms

	Subframe number for NB-PBCH
	#0 (every 10 ms)

	Number of subblock of NB-PBCH
	#8 (every 80 ms)

	Number of repetition for each subblock
	8

	Coding scheme
	TBCC

	Modulation
	QPSK

	Channel estimation
	Ideal
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