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1 Introduction
In the RAN1#92, 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
On an anchor carrier with 16 SIB1-NB repetitions, SIB1-NB can be transmitted on either of subframe #0 or subframe #4. FFS how the subframe is known to UE.
Agreement
The following pairings of anchor and non-anchor SIB1-NB transmissions are supported:

· In-band anchor + in-band non-anchor

· Guard-band anchor + guard-band non-anchor, FFS which guard-band combinations the signaling will permit

· Guard-band anchor + in-band non-anchor, at least for differentPCI (FFS for samePCI)

· Standalone anchor + standalone non-anchor
Agreement for NPDSCH, and working assumption for NPDCCH:


· Transmission in DwPTS is supported for in-band when the number of OFDM symbols in DwPTS is greater than 3. 

· FFS if all DwPTS configurations are supported for NPDCCH

· Transmission in DwPTS is supported for guard-band and standalone for all DwPTS configurations. 

· FFS if all numbers of repetitions of NPDCCH are supported

· FFS if all aggregation levels of NPDCCH are supported

· FFS on NRS mapping
Agreement
For starting radio frame number for 16 SIB1-NB repetitions, support the following
· When SF#0 is used for 16 SIB1-NB repetitions on anchor carrier, 

	Number of NPDSCH repetitions
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	16
	All PCIDS
	SFN mod 256 = 1


· When SF#4 is used for 16 SIB1-NB repetitions on anchor carrier, 

	Number of NPDSCH repetitions
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1


Working assumptions
For 8 repetitions for SIB1-NB transmission, SIB1-NB can be transmitted on non-anchor carrier.

In this contribution, we present detailed consideration of downlink aspect for TDD support, especially how to indicate SIB1-NB transmission in anchor carrier or non-anchor carriers. The main design principal is compatibility with FDD and less standardalization effort.
2 NBIoT TDD Downlink Design
2.1 NPSS/NSSS/NPBCH
Since the TDD UL/DL configuration #0 is not supported, NPSS, NSSS and NPBCH are transmitted in subframe #0, #5 and #9 of the same carrier (anchor carrier) for all agreed TDD UL/DL configuration with the same transmission period as FDD in Figure 1.
· NPSS is transmitted on subframe #5 in every radio frame

· NSSS is transmitted on subframe #0 in every even-numbered radio frame

· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.
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Figure 1 NBIoT TDD DL frame structure
Although the NPBCH content for TDD has not been decided yet, 34 bit (including 11 spare bits for FDD) is enough for TDD NPBCH. The remaining design (including channel coding and block partition, physical resource mapping, etc) for TDD NPBCH can follow FDD design, the coded MIB-NB (1600bit) is split into 8 sub-blocks. Each sub-block is repeated 8 times in subframe #9 in turn until the whole MIB-NB is transmitted. Symbols are mapped around the NRS and the LTE CRS, where it is always assumed that 2 antenna ports are defined for NRS and 4 antenna ports for CRS.
 Proposal 1: The remaining design (including channel coding and block partition, physical resource mapping, etc) for TDD NPBCH can follow FDD design principle.
2.2 SIBx

Currently in NB-IoT FDD system, SIB1-NB is sent on SF#4 in the radio frame where SIB1-NB period is scheduled in MIB. 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 configuration (including the carrier, radio frame, subframe) can be indicated in MIB.
It is better to leave SIB1-NB transmission in anchor carrier or non-anchor carriers to eNB implementation issue. So SIB1-NB transmission in anchor carrier or non-anchor carriers is indicated by MIB for all repetition number, including SIB1-NB repetition of 4 and 8. It is observed that the power boosting on the non-anchor carrier may be different from that of the anchor carrier [6]. For LTE inband deployment, the maximum power boosting on the non-anchor carrier is only 3dB, which is smaller than the 6dB on the anchor carrier. Therefore, the repetition number of the SIB1-NB on the non-anchor carrier should increase accordingly. 

Proposal 2: SIB1-NB transmission in anchor carrier or non-anchor carriers is indicated by MIB for all repetition number, including SIB1-NB repetition of 4 and 8.
Proposal 3: The repetition number of the SIB1-NB on the non-anchor carrier should increase accordingly. 

When SIB1-NB is transmitted on anchor carrier, it is agreed that on an anchor carrier with 16 SIB1-NB repetitions, SIB1-NB can be transmitted on either subframe #0 or subframe #4. The detail number of subframe can be indicated by MIB. However, when subframe#4 is used for LTE MBSFN, it is up to the network implementation to configure the SIB1-NB transmission in subframe #0 of odd frames as shown in Figure 2. 
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Figure 2 SIB1-NB transmission on anchor carrier
Proposal 4: For SIB1-NB transmission on anchor carrier, the detail transmission subframe# of subframe #0 or subframe #4 is indicated in MIB.
When SIB1-NB is transmitted on non-anchor carrier, the pairing issue of anchor carrier and non-anchor carrier for SIB1-NB transmissions was widely discussed in the last meeting. Considering the existing combination of anchor and non-anchor carrier deployment supporting for NBIoT FDD, at least the following pairing carriers should be supported for TDD SIB1-NB transmission:
· In-band anchor + in-band non-anchor

· Guard-band anchor + guard-band non-anchor
· Guard-band anchor + in-band non-anchor

· Standalone anchor + standalone non-anchor
For guard-band anchor + in-band non-anchor SIB1-NB transmission, due to the limited LTE assisted information before SIB1-NB reception, NBIoT UE will assume there is no additional LTE assist information  available and LTE CRS can’t be used for both the samePCI and differentPCI scenarios in SIB1-NB reception stage.
Proposal 5:  The carrier pairing of guard-band in anchor carrier and inband for non-anchor carrier should be supported for both samePCI and differentPCI of LTE and NBIoT.
For SIB1-NB transmission on non-anchor carrier, the frequency location of the non-anchor carrier is related to the operator deployment and operation modes as shown in Figure 3, so SIB1-NB transmission in non-anchor carriers should be discussed separately for three operation modes.
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Figure 3 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 avoid SIB1-NB transmission to fragment the Resource Block Group (RBG) in legacy LTE as shown in Figure 4. We take LTE system bandwidth of 10MHz as an example, PRB#9 is anchor carrier, it is better to configure non-anchor carrier in PRB#10 instead of PRB#8 for the consideration of RBG in legacy LTE that depends on the eNB scheduling. Table 2 lists the detail for SIB1-NB transmission physical resources (#carrier, #subframe) with additional 2-bit indication in MIB for inband case.
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Figure 4 SIB1-NB transmission in non-anchor carrier for inband mode
Table 2 Two additional bits in MIB to indicate SIB1-NB transmission for inband case
	Indication in MIB
	Carrier
	subframe

	00
	anchor
	0

	01
	anchor
	4

	10
	Non-anchor

(higher adjacent frequency band)

Or 180KHz carrier center offset to the anchor carrier center
	0 (PCell % 2= 0)

5 (PCell % 2= 1)
Or both 0 and 5

	11
	Non-anchor

(lower adjacent frequency band)

Or  -180KHz carrier center offset to the anchor carrier center
	0 (PCell % 2= 0)

5 (PCell % 2= 1)
Or both 0 and 5


For standalone operation mode, the channel bandwidth is 200KHz, so anchor carrier and non-anchor carriers are not adjacent carrier with 180KHz as that of inband case (The carrier for standalone operation mode is always refarmed from GSM networks). SIB1-NB non-anchor carriers can be specified with a relative frequency offset to the anchor carrier with 5 spare bits of Standalone-NB-r13 in MIB as shown in Figure 5. Table 3 lists the detail for SIB1-NB physical resources (#carrier, #subframe) with at least additional 2-bit indication in MIB for standalone case. X is absolute frequency offset of non-anchor carrier to anchor carriers, which is determined by RAN2 and RAN4 and indicated by ~5 spare bits of Standalone-NB-r13 in MIB.
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Figure 5 SIB1-NB transmission in non-anchor carrier for standalone mode
Table 3 Two additional bits in MIB to indicate SIB1-NB transmission for standalone case

	Indication in MIB
	Carrier
	subframe

	00
	anchor
	0

	01
	anchor
	4

	10
	Non-anchor 

(X frequency higher than anchor carrier)

X is absolute frequency offset to anchor carriers indicated by ~5 spare bit of Standalone-NB-r13 in MIB
	0 (PCell % 2= 0)

5 (PCell % 2= 1)
Or fixed 0 or 5

	11
	Non-anchor

(X frequency lower than anchor carrier)

X is absolute frequency offset to anchor carriers indicated by ~5 spare bit of Standalone-NB-r13 in MIB
	0 (PCell % 2= 0)

5 (PCell % 2= 1)
Or fixed 0 or 5


For the guardband operation, NB-IoT carriers are placed on any 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 6 illustrates a 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. Table 4 lists the detail for SIB1-NB physical resources (#carrier, #subframe) with at least additional 2-bit indication in MIB for guardband case. X is absolute frequency offset of non-anchor carrier to anchor carriers, which is determined by RAN2 and RAN4 and can be indicated by 3 spare bits of Guardband-NB-r13 in MIB.
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Figure 6 SIB1-NB transmission in non-anchor carrier for guardband mode

Table 4 Two additional bits in MIB to indicate SIB1-NB transmission for guardband case
	Indication in MIB
	Carrier
	subframe

	00
	anchor
	0

	01
	anchor
	4

	10
	Non-anchor 

(X frequency higher than anchor carrier)

X is absolute frequency offset to anchor carriers indicated by 3 spare bit of Guardband-NB-r13 in MIB, and X is possibly related to the bandwidth of the LTE carrier
	0 (PCell % 2= 0)

5 (PCell % 2= 1)
Or fixed 0 or 5

	11
	Non-anchor

(X frequency lower than anchor carrier)

X is absolute frequency offset to anchor carriers indicated by 3 spare bit of Guardband-NB-r13 in MIB, and X is possibly related to the bandwidth of the LTE carrier
	0 (PCell % 2= 0)

5 (PCell % 2= 1)
Or fixed 0 or 5


Table 5 gives the summary indication for SIB1-NB in anchor or non-anchor carriers with at least additional 2-bit indication for all operation mode. For guardband and standalone in non-anchor carriers, the detail absolute frequency offset of non-anchor carrier to anchor carrier is indicated by extra-spare bits in MIB.
Table 5 Two additional bits in MIB to indicate SIB1-NB transmission

	Indication in MIB
	Carrier
	subframe
	Note

	00
	anchor
	0
	

	01
	anchor
	4
	

	10
	Non-anchor 

(X frequency higher than anchor carrier)
	0 (PCell % 2= 0)

5 (PCell % 2= 1)
Or fixed 0 and/or 5
	Inband: X = 180KHz

Standalone: X is absolute frequency offset to anchor carriers indicated by the MIB 5 spare bit of Standalone-NB-r13
Guardband: X is absolute frequency offset to anchor carriers indicated by the MIB 3 spare bit of Guardband-NB-r13, and X is possibly related to the bandwidth of the LTE carrier

	11
	Non-anchor

(X frequency lower than anchor carrier)
	0 (PCell % 2= 0)

5 (PCell % 2= 1)
Or fixed 0 and/or 5
	


Proposal 6: SIB1-NB is transmitted in anchor or non-anchor carriers with at least additional 2-bit indication for all operation mode.
Proposal 7: For guardband and standalone in non-anchor carriers, the detailed absolute frequency offset of non-anchor carrier to anchor carrier is indicated by extra-spare bits in MIB.
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 8: SI message except SIB1-NB can be transmitted on anchor carrier or non-anchor carrier by scheduling information in SIB1-NB.

2.3 NPDCCH/NPDSCH

It is preferred to reuse the FDD design as much as possible for TDD NPDCCH and NPDSCH transmission. Due to the limited number of DL subframes for some TDD UL/DL configurations, the NPDCCH/NPDSCH may be transmitted on the non-anchor carriers as NB-SIB transmission configured by higher layer signalling.
When NPDCCH is transmitted in TDD special subframe, legacy NPDCCH physical structure should be followed, and the NPDCCH resource mapping can be done according to the available REs if the DwPTS is larger than 3 symbols. And for NPDSCH transmission in special subframe, repetition in special subframe should be done as normal DL subframe, and mapping in GP and UpPTS symbols will be punctured for symbol-level combination. 
For NRS in special subframes of TDD NB-IoT, as shown in Figure 7, the OFDM symbols used for NRS are the shift pattern of the regular DL NRS as the same as those used for TDD LTE DL DMRS.
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Figure 7 Example of NRS pattern for special subframe
Proposal 9: For TDD special subframe, OFDM symbols used for NRS are the shift pattern of the regular DL NRS.
3 Conclusions
In this contribution, considerations of downlink aspect for TDD support are provided. The following proposals are given.
Proposal 1: The remaining design (including channel coding and block partition, physical resource mapping, etc) for TDD NPBCH can follow FDD design principal.
Proposal 2: SIB1-NB transmission in anchor carrier or non-anchor carriers is indicated by MIB for all repetitions number.

Proposal 3: The repetition number of the SIB1-NB on the non-anchor carrier will be increased accordingly. 

Proposal 4: For SIB1-NB transmission on anchor carrier, the detail transmission subframe# of subframe #0 or subframe #4 is indicated in MIB.
Proposal 5:  The carrier pairing of guard-band in anchor carrier and inband for non-anchor carrier should be supported for both samePCI and differentPCI of LTE and NBIoT.
Proposal 6: SIB1-NB is transmitted in anchor or non-anchor carriers with at least additional 2-bit indication for all operation mode.

Proposal 7: For guardband and standalone in non-anchor carriers, the detail absolute frequency offset of non-anchor carrier to anchor carrier is indicated by extra-spare bits in MIB.

Proposal 8: SI message except SIB1-NB can be transmitted on anchor carrier or non-anchor carrier by scheduling information in SIB1-NB.

Proposal 9: For TDD special subframe, OFDM symbols used for NRS are the shift pattern of the regular DL NRS.
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