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1. Introduction

NB-IoT TDD issue was discussed in RAN #70 plenary meeting and it was concluded that: 
- Forward compatibility for TDD shall be addressed in Rel-13. 

There are some challenges to support NB-IoT in TDD mode. It would be helpful to understand what is needed to support TDD in order to ensure forward compatibility for TDD. In this paper, we discuss some details and forward compatibility requirements to support TDD NB-IoT.  
2. Discussion
Three operation modes shall be supported for NB-IoT, standalone, guard band operation and inband operation. For standalone carrier, the system design is easier and much flexibility is possible. So the overall design depends on the support of guard band and inband operation because the latter two have more issues to be considered and a unified solution for the three modes is strongly preferred. 
For guard band operation, if NB-IoT has a different UL/DL configuration from the LTE carrier, the main issue to be considered is interference, LTE DL to NB-IoT uplink and vice versa. The current assumption of band separation between LTE and NB-IoT [3], i.e. 0Hz or 200KHz, is not sufficient to protect NB-IoT from the interference of LTE if different UL/DL configurations are used. The filter and emission mask of LTE is studied in [3], and it can be seen the signal strength in LTE guard band edge is reduced by -40dB, still much higher than the NB-IoT reception power with even 144dB coupling loss.  A much wider separation band is needed and this degrades the value of guard band operation. 
The similar issue exists for inband operation if LTE and NB-IoT have different UL/DL configurations. Therefore, in guard band and inband operation, it is preferable to have the same frame UL/DL configuration of LTE TDD and LTE NB-IoT. Otherwise, a separation band between LTE TDD and NB-IoT TDD is needed. It might be also possible to leave the interfered NB-IoT subframe unused, but that would be a waste of resource.
Proposal: the Specifications should assume that inband and guard band TDD NB-IoT use the same UL/DL frame configuration as the LTE TDD carrier in order to minimise the interference between LTE and NB-IoT. It follows that the Specifications should also not support the use of TDD NB-IoT in guardband or inband operation with an FDD LTE carrier. 
· 3.75 kHz single-tone transmission
For 3.75KHz UL single-tone transmission, the time duration of a symbol is extended by 4 times, so one NB-IoT symbol duration is 4 LTE OFDM symbols. Since not all the UL subframes are UL subframes, the NB-IoT UL transmissions may be interrupted by DL if the number of consecutive transmitted UL symbols is kept the same as in a subframe for 15 kHz tone bandwidth. It might be possible to use extended CP or drop the duration of two OFDM symbols for normal CP to transmit three NB-IoT symbols in one UL subframe, but this reduces the capacity. UL/DL frame configurations #1 and #4 are the only TDD configurations that have a number of consecutive UL OFDM symbols that is a multiple of 4 (namely 28, which can carry 7 NB-IoT symbols). However, this restricts the UL/DL configuration selection for LTE TDD; furthermore only configuration #1 is really suitable for NB-IoT, due to the limited UL capacity of configuration #4.

Observation: 3.75 kHz single-tone transmission imposes additional complexity for TDD. Additionally the number of suitable UL/DL frame configurations is restricted to a smaller subset. 
· Synch signal transmission

It was agreed in RAN1#83 that:

· The following resource mapping rules are complied with:
· The first 3 LTE OFDM symbols are not used by NB-PSS/NB-SSS
· FFS for special subframe in TDD
· NB-PSS/NB-SSS are punctured by LTE CRS (if a collision exists)
· FFS for CRS ports 2,3 in FS2
· NB-PSS/SSS occupy fixed number of OFDM symbols in each synchronization subframe 
· Normal CP: NB-PSS and NB-SSS span 11 or 9 (one value to be selected) OFDM symbols and X OFDM symbols respectively in each subframe transmitting the synchronization signal
· One value of X to be selected in the range 6 to 11, at least for FDD
· Extended CP if supported: NB-PSS and NB-SSS span 9 OFDM symbols and Y OFDM symbols in each subframe transmitting synchronization signal 

· One value of Y to be selected in the range 6 to 9, at least for FDD
For TDD, only subframe 0, 5 and DwPTS in special subframe are always for downlink, so, to allow as much as possible  UL/DL configurations to be supported, the NB-PSS and NB-SSS can only be transmitted in these subframes. To ensure the UE correctly detects whether the NB-IoT system is TDD or FDD, the TDD NB-PSS/NB-SSS need to be distinguishable from FDD NB-PSS/NB-SSS; one way to achieve this is to transmit TDD NB-PSS and NB-SSS in different subframes compared to FDD. Next, in TDD LTE PSS is transmitted in the special subframe. The possible configurations of the special subframe are shown in Table 1. Since the first two OFDM symbols in DwPTS are reserved for PDCCH, there is no format that can carry 11 OFDM symbols of NB-PSS/NB-SSS. . If we go for the 9 symbols option, only configuration 3,4 and 8 can satisfy but this restricts the cell size because GP is not large enough and format 8 is only for normal CP. A more flexible transmission scheme would be sending NB-PSS and NB-SSS in subframe 0 and 5. Even if only a subset of the existing TDD UL/DL configurations are supported immediately in Rel-14, using subframes 0 and 5 for NB-PSS and NB-SSS would be forward compatible to introduction of all existing UL/DL configurations in the future. 
Table 1. TDD special subframe configuration
	Format
	Normal CP
	Extended CP

	
	DwPTS
	GP
	UpPTS
	DwPTS
	GP
	UpPTS

	0
	3
	10
	1
	3
	8
	1

	1
	9
	4
	
	8
	3
	

	2
	10
	3
	
	9
	2
	

	3
	11
	2
	
	10
	1
	

	4
	12
	1
	
	3
	7
	2

	5
	3
	9
	2
	8
	2
	

	6
	9
	3
	
	9
	1
	

	7
	10
	2
	
	
	
	

	8
	11
	1
	
	
	
	


Proposal 1: TDD NB-IoT synchronization signals are transmitted in subframe 0 and 5.

· Transmission of MIB
Both MIB and synchronization signals are transmitted periodically. MIB may need 11 OFDM symbols for FDD [4] and TDD would have the same or similar size. Since only subframe 0 and 5 are always for DL (if all TDD UL/DL configurations are to be supported) and these subframes also carry the synchronization signals, and the capacity is not sufficient to multiplex MIB and synchronization signals, the synchronization signals may need to be transmitted with a period greater than 10ms. Otherwise, shorter synchronization signals are used for TDD that can be transmitted in the special subframe. 

Proposal 2: MIB and synchronization signals are not multiplexed in the same subframe. 

Proposal 3: If all existing TDD UL/DL configurations are to be supported, then TDD synchronization signals are transmitted with a periodicity larger than 10ms.
3. Conclusion

In this paper, TDD based NB-IoT is discussed in order to understand which aspects need to be taken into account to ensure the forward compatibility. 
For forward compatibility, the key proposals that need to be taken into account in the FDD design are as follows:
Proposal 1: TDD NB-IoT synchronization signals are transmitted in subframe 0 and 5. 
Proposal 2: TDD synchronization signals are transmitted at a periodicity larger than 10ms. 

Proposal 3: MIB and synchronization signals for TDD are not multiplexed in the same subframe. 

Since the TDD synchronization signals need to be distinguishable from the FDD synchronization signals, these need to be taken into account in specifying FDD synchronization signals.

Other important aspects relevant to the early stages of TDD NB-IoT design are as follows:
Proposal: the Specifications should assume that inband and guard band TDD NB-IoT use the same UL/DL frame configuration as the LTE TDD carrier in order to minimise the interference between LTE and NB-IoT. It follows that the Specifications should also not support the use of TDD NB-IoT in guardband or inband operation with an FDD LTE carrier. 
Observation: 3.75 kHz single-tone transmission imposes additional complexity for TDD. Additionally the number of suitable UL/DL frame configurations is restricted to a smaller subset. 
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