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1 Introduction

In RAN1 #90 meeting, the following agreements on common aspects for TDD support in feNB-IoT were made [1]: 

Agreement:
· Send a LS to the RAN4 to:

· Ask what is the minimum time for DL-to-UL and UL-to-DL switching on one NB-IoT carrier for TDD NB-IoT UEs. 
Agreements:

· MCL target of 164 dB at an ‘application layer’ data rate of 160 bps is targeted for at least one UL:DL configuration (FFS which one or more than one).

· NOTE: The at least one UL:DL configuration may or may not be different for UL MCL target than DL MCL target

· For evaluations, the FDD numbers of repetitions for physical channels are assumed 

· FFS the noise figure (eNB and UE) which will be assumed

· The 2.6 GHz TDD band is prioritized for evaluations

· This does not imply that 164 dB MCL or ‘application layer’ data rate targets will be relaxed

· Targets of latency, and capacity may be relaxed for TDD NB-IoT.
Agreements:

· For DL: subcarrier spacing, CP length, symbol length, subframe length, and radio frame length are the same in TDD as FDD

· At least NPSS, NSSS are transmitted on the same NB-IoT carrier.

· Non-anchor carriers at least for unicast, paging and RACH are supported in NB-IoT TDD

In RAN1 #90bis meeting, the following working assumption was further made [2]:
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 share our views on the design of common aspects for TDD support in feNB-IoT, including the UL-DL configuration, special subframe configuration and its usage, and HARQ and timing relationship design. The contents of this contribution are based on revisions to previous contribution [3].
2 TDD UL-DL configuration
For in-band and guard-band operation modes, different TDD configurations between LTE and NB-IoT cells would result in large interference from DL transmission to UL transmission in the same subframe. Thus, the TDD configurations for LTE and NB-IoT should be the same for in-band and guard-band modes. In other words, the supported TDD configurations for feNB-IoT in-band and guard-band modes should be based on existing TDD configurations in LTE, as given by Table 1. 

For standalone operation modes, the requirement of using existing TDD configurations as in LTE can be relaxed. It is preferred to at least support the TDD configurations supported in in-band and guard-band operation modes for standalone operation modes, while more flexible TDD configurations can be considered if additional standardization effort is limited.

Table 1. Uplink-downlink configurations [4]
	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


Proposal 1:
· Reuse LTE existing TDD configurations at least for in-band and guard-band operation modes.
· The TDD configurations supported in in-band and guard-band operation modes are supported in standalone operation mode.

· Consider to support more flexible TDD configurations in standalone operation mode, if additional standardization effort is limited.

3 Design of special subframe
Regarding the supported special subframe configurations, the cell size and minimum time needed for DL-to-UL switching and UL-to-DL switching need to be taken into account. Based on the LS reply from RAN4 [5], the minimum time for DL-to-UL and UL-to-DL switching on one NB-IoT carrier is 40 μs for both direction. The UL-to-DL switching time can be handled by the Timing Advance (TA) as in LTE. To accommodate the transmission delay, DL-to-UL switching and uplink TA, the special subframe configuration with GP of 1 symbol (i.e., special subframe configurations #4 and #8) cannot be supported. 
To utilize the resource efficiently, especially when there is only one NB-IoT carrier configured for the TDD cell, it is preferred to enable NPDCCH and NPDSCH transmissions during DwPTS, at least for certain special subframe configurations with sufficient number of DL symbols. Regarding the rate matching for NPDCCH/NPDSCH during DwPTS, one option is to rate match the coded bits to the available REs in DwPTS. Alternatively, rate matching can be the same as in regular full DL subframe with the remaining symbols during the guard period and UpPTS duration being punctured. The latter option enables symbol-level combining across repetitions, and thus is preferred for NPDCCH/NPDSCH transmission with repetitions. On the other hand, for NPDCCH/NPDSCH transmission without repetitions, the rate matching to available REs in DwPTS can be considered. 
For the use of UpPTS, it is preferred to support NPRACH transmission during UpPTS as elaborated in our companion contribution [6], to support larger cell size and utilize UL resources more efficiently.
Observation 1:
· Special subframe configuration with GP of 1 symbol (i.e., special subframe configurations #4 and #8) cannot be supported, considering the 40 μs switching time for both DL-to-UL and UL-to-DL switching on one NB-IoT carrier.
Proposal 2:
· Support NPDCCH and NPDSCH transmissions during DwPTS, at least for special subframe configurations with sufficient number of DL symbols.

· For NPDCCH/NPDSCH transmission with repetitions, the rate matching follows regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured. 

· For NPDCCH/NPDSCH transmission without repetition, consider the rate matching to available REs in DwPTS.

· Consider to support NPRACH transmission during UpPTS.
4 Design of HARQ and timing relationship
Following Rel-13 NB-IoT design, it is preferred to support asynchronous and adaptive UL HARQ in TDD feNB-IoT. 
The maximum UL and DL TBS can follow the Rel-13 NB-IoT and Rel-14 eNB-IoT design, and thus the total number of soft channel bits are the same, i.e., 2112 bits for Cat NB1 UEs and 6400 bits for Cat NB2 UEs. 
Due to the interlaced DL and UL subframes in TDD systems, to improve the data rate, it can be considered to support the monitoring of NPDCCH and reception of NPDSCH on DL subframes in the middle of an UL transmission. To keep low UE complexity in TDD NB-IoT systems, it is preferred to keep the timing relationship for each HARQ process, including the timing between the UL HARQ-ACK transmission and the corresponding NPDSCH transmission, the NPUSCH transmission and the associated NPDCCH transmission, and the NPDSCH transmission and the associated NPDCCH transmission, the same as in Rel-13/Rel-14 (e)NB-IoT systems. 

On top of the timing relationship constraint, by introducing the concept of “valid UL subframes” similar to the “valid DL subframes” in Rel-13 NB-IoT and defining that the valid UL/DL subframes to be a subset of the UL/DL subframes configured by the TDD configuration, the UL/DL transmissions are postponed on invalid UL/DL subframes.  
Proposal 3:
· Support asynchronous and adaptive UL HARQ in TDD feNB-IoT.
· The maximum UL and DL TBS are kept the same as Rel-13/Rel-14 (e)NB-IoT FDD systems, and thus the soft channel bits are the same.
· Keep the same timing relationship for each HARQ process in TDD systems as in Rel-13 NB-IoT, while considering the support of NPDCCH monitoring and NPDSCH reception on DL subframes in the middle of an UL transmission.
· Valid UL and DL subframes are defined, where UL and DL transmissions are postponed on invalid UL and DL subframes, respectively.
5 Conclusion

In this contribution, we discuss the overview of TDD design for feNB-IoT, including TDD UL-DL configurations, configuration and usage of special subframe, and HARQ and timing relationship design. Based on the discussions, we make the following observation and proposals:

Observation 1:

· Special subframe configuration with GP of 1 symbol (i.e., special subframe configurations #4 and #8) cannot be supported, considering the 40 μs switching time for both DL-to-UL and UL-to-DL switching on one NB-IoT carrier.

Proposal 1:

· Reuse LTE existing TDD configurations at least for in-band and guard-band operation modes.

· The TDD configurations supported in in-band and guard-band operation modes are supported in standalone operation mode.

· Consider to support more flexible TDD configurations in standalone operation mode, if additional standardization effort is limited.

Proposal 2:

· Support NPDCCH and NPDSCH transmissions during DwPTS, at least for special subframe configurations with sufficient number of DL symbols.

· For NPDCCH/NPDSCH transmission with repetitions, the rate matching follows regular full DL subframe, with the transmission on remaining symbols that are not part of DwPTS being punctured. 

· For NPDCCH/NPDSCH transmission without repetition, consider the rate matching to available REs in DwPTS.

· Consider to support NPRACH transmission during UpPTS.

Proposal 3:

· Support asynchronous and adaptive UL HARQ in TDD feNB-IoT.

· The maximum UL and DL TBS are kept the same as Rel-13/Rel-14 (e)NB-IoT FDD systems, and thus the soft channel bits are the same.
· Keep the same timing relationship for each HARQ process in TDD systems as in Rel-13 NB-IoT, while considering the support of NPDCCH monitoring and NPDSCH reception on DL subframes in the middle of an UL transmission.
· Valid UL and DL subframes are defined, where UL and DL transmissions are postponed on invalid UL and DL subframes, respectively.
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