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1 Introduction
In the RAN1#92bis, the following agreement is achieved for TDD downlink aspect for R.15 NBIoT to support work item objective of specifying TDD support for in-band, guard-band, and standalone operation modes of NB-IoT:

Agreement
For SIB1-NB transmission in TDD on an anchor carrier, the subframe index and TBS are indicated by schedulingInfoSIB1 as follows:

	Value of schedulingInfoSIB1
	Number of NPDSCH repetitions
	Subframe
	TBS

	0
	4
	0
	208

	1
	8
	0
	208

	2
	16
	0
	208

	3
	4
	0
	328

	4
	8
	0
	328

	5
	16
	0
	328

	6
	4
	0
	440

	7
	8
	0
	440

	8
	16
	0
	440

	9
	4
	0
	680

	10
	8
	0
	680

	11
	16
	0
	680

	12
	16
	4
	208

	13
	16
	4
	328

	14
	16
	4
	440

	15
	16
	4
	680


Agreement
For 16 and 8 repetitions of SIB1-NB on a non-anchor carrier, the starting radio frame is as follows:

	Number of SIB1-NB repetitions
	PCID
	Starting radio frame number for SIB1-NB repetitions (nf mod 256)

	16 
	PCID mod 2 = 0
	 0

	
	PCID mod 2 = 1
	1

	8
	PCID mod 2 = 0
	0

	
	PCID mod 2 = 1
	16


Agreement
· When SIB-NB is transmitted on a non-anchor carrier, two subframes, i.e., subframe #0 and #5 in the same radio frame, are used for SIB1-NB transmission in every other radio frame

· One transport block of SIB1-NB is transmitted over 16 SIB1-NB subframes 
· 16 SIB1-NB subframes carry encoded bits of SIB1-NB continuing reading them from circular buffer.

Agreement
For non-anchor carrier transmission of SIB1-NB

· MIB-NB has 3 bits to indicate the number of repetitions/TBS

· MIB-NB has 1 bit to indicate the frequency domain location of SIB1-NB non-anchor carrier

· `For In-band anchor + in-band non-anchor, either the adjacent lower PRB relative to anchor PRB, or the adjacent higher PRB relative to anchor PRB
· FFS guard-band combinations
· For standalone+standalone, to indicate one of the 2 adjacent carriers relative to anchor carrier. FFS signaling of frequency offset of the carrier.

In this contribution, we present remaining issue consideration of downlink aspect for TDD support, especially how to indicate SIB1-NB transmission in non-anchor carriers (frequency position indication for guard-band mode). The main design principal is compatibility with FDD and less standardalization effort.
2 NBIoT TDD Downlink Design
2.1 SIBx
Since the number of available downlink subframe for some TDD configurations is limited, it is agreed that SIB1-NB can be transmitted on anchor carrier or on non-anchor carriers. The detail SIB1-NB transmission configuration (including the carrier, radio frame, subframe, repetition, TBS, etc) is indicated in MIB. Additional 1bit is used for the indication of anchor or non-anchor SIB1-NB transmission.
· SIB1-NB transmission in anchor carrier
It is agreed that repetition number within a period, transmission subframe number and TBS of SIB1-NB transmission in anchor carrier are indicated by SystemInformationBlockType1-NB filed of MIB as FDD with some update of reserved states.
· SIB1-NB transmission in non-anchor carrier
For SIB1-NB transmission in non-anchor carrier, the repetition number and TBS of SIB1-NB transmission is indicated by 3bits in MIB as shown in Table 1. 
Table 1 Indication of repetition number and TBS for non-anchor SIB1-NB transmission
	Value of schedulingInfoSIB1
	Number of NPDSCH repetitions
	TBS

	0
	8
	208

	1
	16
	208

	2
	8
	328

	3
	16
	328

	4
	8
	440

	5
	16
	440

	6
	8
	680

	7
	16
	680


The frequency location of the non-anchor carrier is related to the operation modes as shown in Figure 1. So SIB1-NB transmission in non-anchor carriers is discussed separately for three operation modes in the following section.
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Figure 1 SIB1-NB transmission in non-anchor carrier

For inband operation mode, the location of non-anchor carrier for SIB1-NB can be predetermined to the adjacent/neighboring carrier to the anchor carrier. eNB can schedule the non-anchor carrier to the higher or lower band carrier to anchor carrier to avoid SIB1-NB transmission to fragment the Resource Block Group (RBG) in legacy LTE

For standalone operation mode, the channel bandwidth is 200KHz or 180KHz, so anchor carrier and non-anchor carriers may  not adjacent carrier with 180KHz as that of inband case (The carrier for standalone operation mode is always refarmed from GSM networks). The frequency position of SIB1-NB in non-anchor carrier can be specified with a relative frequency offset to the anchor carrier with 1bits indication,  and the detail value of frequency offset is depended on RAN4.
For the guardband operation, NB-IoT carriers are placed on subcarriers in the guard-band area of a LTE band. For anchor carrier on guardband, the frequency offset to the 100Hz channel raster must be +/- 2.5KHz or +/- 7.5 KHz, otherwise UE would not be able to find the carrier. While for non-anchor carriers, there is no such limitation, and non-anchor carriers can be placed on any subcarriers as long as the 180 kHz NB-IoT band falls entirely into the guard-band.

Figure 2 illustrates a conventional NB-IoT deployment of guradband operation and non-anchor carriers of SIB1-NB have several possibilities. The SIB1-NB non-anchor carrier is at the same band edge as the anchor carrier, or on the other band edge of the system in the mirroring position as the anchor carrier, and the corresponding LTE system bandwidth is odd or even.
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Figure 2 NB-IoT deployment of guradband operation and potential non-anchor carrier position

In order to simplify the design, only 1-bit indication of the frequency position of the non-anchor carrier is used in MIB, and some constraint should be imposed to the pair carriers supporting of SIB1-NB transmission in non-anchor carriers. E.g. only “neighboring” carriers can be potential non-anchor carrier, and the non-anchor carriers of mirroring position to the anchor carrier are excluded to the potential non-anchor carrier candidate.
Proposal 1: For non-anchor carrier of guardband mode, only “neighboring” carrier to anchor carrier can be potential candidates and the carriers of mirroring position to the anchor carrier are excluded.
Since rasterOffset-r13 in guardband-r13 of MIB-NB tells the side of guard-band used for the anchor-carrier and LTE in-band with even-numbered PRBs (i.e., 10MHz or 20Mhz) or odd-numbered PRBs (i.e., 5MHz or 15MHz) when anchor-carrier is deployed in guard-band operation mode, the frequency position of non-anchor carrier to anchor carrier  X can be indicated for guard-band as shown in Table 1.
Proposal 2: Non-anchor carrier frequency position is indicated by additional 1bit “frequency offset” and “rasterOffset-r13” in MIB for guardband mode.
Table 1 SIB1-NB frequency position indication in non-anchor for guard-band 
	        Frequency-position    indication
rasterOffset-r13
	0
	1
	Note

	2.5KHz
	X=180KHz
(guard-band+inband)
	X=-180KHz
(guard-band+guard-band)
	Anchor carrier is in the lower part of LTE system, and the LTE bandwidth is 10/20MHz

	-2.5KHz
	X=180KHz
(guard-band+guard-band)
	X=-180KHz
(guard-band+inband)
	Anchor carrier is in the upper part of LTE system, and the LTE bandwidth is 10/20MHz

	7.5KHz
	X=225KHz
(guard-band+inband)
	X=-180KHz
(guard-band+guard-band)
	Anchor carrier is in the lower part of LTE system, and the LTE bandwidth is 5/15MHz

	-7.5KHz
	X=180KHz
(guard-band+guard-band)
	X=-225KHz
(guard-band+inband)
	Anchor carrier is in the upper part of LTE system, and the LTE bandwidth is 5/15MHz


Same as LTE, the TDD UL/DL configuration and special subframe configuration information can be conveyed by SIB1-NB. The SI message except SIB1-NB can be transmitted on subframes other than SF#0 or SF#5 according to the TDD UL/DL configuration. The SI message can be transmitted on the non-anchor carrier to avoid the blocking of downlink control and traffic scheduling on anchor carrier at least for some TDD UL/DL configuration. More specially, SIB1-NB will configure not only the detailed time domain but also frequency domain scheduling information for other SIB messages. 

Proposal 3: SI message except SIB1-NB can be transmitted on anchor carrier or non-anchor carrier by scheduling information in SIB1-NB.

3 Conclusions
In this contribution, considerations of downlink aspect for TDD support are provided. The following proposals are given.
Proposal 1: For non-anchor carrier of guardband mode, only “neighboring” carrier to anchor carrier can be potential candidates and the carriers of mirroring position to the anchor carrier are excluded.

Proposal 2: Non-anchor carrier frequency position is indicated by additional 1bit “frequency offset” and “rasterOffset-r13” in MIB for guardband mode.
Proposal 3: SI message except SIB1-NB can be transmitted on anchor carrier or non-anchor carrier by scheduling information in SIB1-NB.
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