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1 Introduction
In the RAN1#90bis, 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:

Agreements: 

· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15.
Working assumption:

· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15.
Agreements

· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.
· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:

· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

Agreements:

· It is supported that SIB1-NB is transmitted only on the anchor carrier

· In at least subframe #0 in odd frames

· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details

· It is necessary to consider SFN wraparound as part of FFS

· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)

· One transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD)

Agreements:

· For NPSS, NSSS and NPBCH transmission in TDD:

· 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.

Agreements:

· Confirm the working assumptions from RAN1#90, i.e. NPSS uses the lower 11 subcarriers in one subframe and the same cover code for TDD as FDD.

· The NPSS and NSSS sequences for TDD are the same as FDD.

· TDD and FDD NB-IoT are distinguished by the relative location of NPSS and NSSS.

Working assumption to be automatically confirmed if RAN4 reply LS to R1-1715304 does not raise a problem:
· TDD NB-IoT will support all LTE special subframe configurations

In this contribution, we present detailed consideration of downlink aspect for TDD support, especially how to indicate NB-SIB1 transmission in anchor carrier and non-anchor carriers. The main design principal is compatibility with FDD and less standardalization effort.
2 NBIoT TDD Downlink Design
As agreed in the WID, three operation modes shall be supported for TDD NB-IoT: standalone, guard band operation and inband operation. For TDD downlink design, it is reasonable to reuse FDD design as much as possible, especially the synchronization signal/sequence design and NPBCH/NB-SIB1 design principal. As UL/DL configuration #0 is not supported in TDD NB-IoT systems, subframes #0, #5, and #9 are downlink subframes common to all UL/DL configurations except TDD UL/DL configuration #0 (Figure 1). Essential signals and channel(s) (including NPSS/NSSS/NPBCH/NB-SIB1) for the system access should be transmitted in these three subframes assuming that MBSFN configuration constraint should be relaxed (subframe #9 should not be configured as MBSFN subframes).
Table 1 UL/DL configurations in the current LTE systems

	Uplink-downlink

configuration
	Downlink-to-Uplink

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


2.1 NPSS/NSSS/NPBCH
Since the TDD UL/DL configuration #0 is not supported in the last meeting agreement, 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 is not 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 blocks. The first block is transmitted on the first subframe #9 and repeated in subframe #9 of the next 3 consecutive every radio frames. In subframe #9 of radio frame after next, the same procedure is done for the second block. This process is repeated 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 principal.
2.2 SIBx

Currently in NB-IoT FDD system, NB-SIB1 is sent on SF#4 in the radio frame where NB-SIB1 period is scheduled in MIB. Since the number of available downlink subframe for some TDD configurations is limited, it is agreed that NB-SIB1 can be transmitted on anchor carrier or on non-anchor carriers. The detail NB-SIB1 configuration (including the carrier, radio frame, subframe) can be indicated in MIB.
For inband and guradband operation mode, there are some TDD UL/DL configurations with limited available DL subframe (e.g. TDD configuration #1, #6). If the NB-SIB1 is still transmitted in anchor carrier, only subframe #0 in odd frames is available which will increase interference from neighboring cells (interference of NB-SIB1 from neighboring cells), especially for NB-SIB1 repetition number 16, so NB-SIB1 can be configured to be transmitted on non-anchor carriers as shown in Figure 2. The location of non-anchor carrier for NB-SIB1 can be predetermined (adjacent/neighboring carrier to the anchor carrier). 
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Figure 2 TDD NB-SIB1 transmission for inband/ guardband mode
For standalone operation mode, it is preferred to configure some dynamic TDD UL/DL configurations suitable to the NBIoT DL and UL features (e.g. 3.75KHz PUSCH with 2ms NB-Slot resource unit constraint, only one switching point in 10ms radio frame, etc), and there is no limitation of MBSFN configuration. Even there is no dynamic TDD UL/DL configuration for standalone operation mode, the location of non-anchor carrier is not easy to be predetermined (The carrier for standalone operation mode is always refarmed from GSM networks, there is always no available adjacent/neighboring carriers to the anchor carriers). It is preferred that NB-SIB1 can be configured to be transmitted on subframe #0 in odd frames or subframe [#4] of anchor carrier as shown in Figure 3.
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Figure 3 TDD NB-SIB1 transmission for standalone mode
Since the NB-SIB1 can be configured to be transmitted on subframe #0 in odd frames, so the starting radio frame for the first transmission of the NPDSCH carrying NB-SIB1 is determined according to Table 2. The detailed NB-SIB1 physical resources (#carrier, #subframe) with additional 1-bit and 2-bit indication in MIB are listed in TABLE 3 and TABLE 4 separately. Due to less spare bits in MIB remaining (follow FDD MIB size), it is preferred to adopt only 1 additional bit to indicate the NB-SIB1 physical resource without loss NB-SIB1 transmission flexibility.
TABLE 2 Starting radio frame for the first transmission of the NB-SIB1.

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

	4
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TABLE 3: NB-SIB1 resource indicated by additional 1bit in MIB
	Operation mode
	Indication bit in MIB
	PCell % 2= 0
	PCell % 2= 1
	Comments

	
	
	carrier
	subframe
	carrier
	subframe
	

	Inband/guardband
	0
	anchor carrier
	0
	anchor carrier
	0
	The non-anchor carrier location is depended on Cell ID.

	
	1
	non-anchor

(upper adjacent carrier)
	0
	non-anchor

(lower adjacent carrier)
	0
	

	Standalone
	0
	anchor
	0
	anchor
	0
	The NB-SIB1 is transmitted subframe #0 or #4 on anchor carrier.

	
	1
	anchor
	4
	anchor
	4
	


TABLE 4: NB-SIB1 resource indicated by additional 2bit in MIB
	Indication bit in MIB
	carrier
	subframe

	00
	anchor carrier
	0

	01
	anchor carrier
	4

	10
	non-anchor (upper adjacent carrier)
	0 (PCell % 2= 0)
5 (PCell % 2= 1)

	11
	non-anchor (lower adjacent carrier)
	0 (PCell % 2= 0)

5 (PCell % 2= 1)


Proposal 2: The time-frequency resource for NB-SIB1 should be indicated by additional 1-bit MIB.
Same as LTE, the TDD UL/DL configuration and special subframe configuration information can be conveyed by NB-SIB1. The SI message except NB-SIB1 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, NB-SIB1 will configure not only the detailed time domain but also frequency domain scheduling information for other SIB messages. 

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

2.3 NPDCCH/NPDSCH

It is preferred to reuse the FDD design as much as possible for TDD NPDCCH and PDSCH 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.
Another issue for TDD NB-IoT is whether to support NPDCCH/NPDSCH in the special subframe. At least for DwPTS with more than 3 OFDM symbols we think NPDCCH/NPDSCH can be transmitted on special subframe. For NRS in special subframes of TDD NB-IoT, as shown in Figure 4, 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 4 Example of NRS pattern for special subframe
Proposal 4: NPDCCH/NPDSCH may be transmitted in special subframes if DwPTS is greater than 3 and 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.
Proposal 2: The time-frequency resource for NB-SIB1 should be indicated by additional 1-bit MIB.
Proposal 3: SI message except NB-SIB1 can be transmitted on anchor carrier or non-anchor carrier by scheduling information in NB-SIB1.

Proposal 4: NPDCCH/NPDSCH may be transmitted in special subframes if DwPTS is greater than 3 and OFDM symbols used for NRS are the shift pattern of the regular DL NRS.
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