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Introduction
In RAN1#76 meeting, the support of NB-IoT TDD was approved and the latest WID of feNB-IoT in [1] defines the work scope which says the baseline design for NB-IoT TDD is Rel-13: 
Support for TDD [RAN1, RAN2, RAN4]

Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 
· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.
· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios

In this contribution, we discuss the UL design aspects of TDD NB-IoT, such as NPRACH and NPUSCH.
Discussion 
NPRACH
In LTE TDD, 7 different subframe configurations are specified as given in Table 1. Different configurations allows different DL to UL resource allocations and also different HARQ timeline and process. However, the 7 different UL/DL configurations also make it difficult to have a unified NPRACH design for TDD NB-IoT. 
Table 1: TDD UL/DL configurations
	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



In FDD, one preamble is sent in 4 symbol groups without any gaps. A symbol group consists of a cyclic prefix and a sequence of 5 identical symbols with a total length equal to 1.4ms and 1.6ms corresponding to two preamble formats. The frequency hopping occurs every symbol group according to a predefined pattern and random hopping is applied to multiple repetitions of the preamble. 
If the definition of the preamble is reused for TDD then it requires at least 6 consecutive UL subframes, e.g., 1.4*4=5.6ms which is not possible. Therefore, the symbol group size shall be changed to be more suitable for TDD. For example, the total length is reduced to 1ms from 1.4/1.6ms today to fit within 1 UL subframe as shown in Figure 1. The length of the cyclic prefix is changed to 200us and also the number of symbols in the sequence is reduced to 3 with a total length of 800us. As a result, for 2ms UL occasion like in TDD UL/DL configuration #1, we can accommodate 2 symbol groups and for 3ms UL occasion like in TDD UL/DL configuration #0 we can accommodate 3 symbol groups. 


Figure 1: Random access symbol group with 1ms length
Alternatively, we can increase the length of the symbol group to 2ms and accommodate one symbol group in a 2ms UL occasion. It is also possible to transmit the same size of symbol group as FDD but this may lead to a waste of 0.6/0.4 ms of the UL duration given the 1 symbol group was 1.4/1.6ms long. Note these options may make the symbol group size dependent on the TDD configurations or particular UL occasion length. It is preferable to use the same symbol group size for all the TDD UL/DL configurations to minimize the speciation efforts and also simplify UE’s implementation.
Proposal 1: For TDD NB-IoT, the symbol group size is reduced to 1ms to fit within 1 UL subframe. 
As discussed above the preamble definition for TDD NB-IoT may be changed to fit in different UL gap occasions. For example, each preamble may consist of a sequence of UL gap occasion with each UL gap occasion having a corresponding number of symbol groups and the hopping pattern relative to the first symbol group in that UL gap occasion. Each UL occasion may have two symbol groups with one hopping value or three symbol groups with two hopping values. The hopping pattern between symbol groups and UL occasions can be based on the existing hopping pattern. For example, in case of two symbol groups per UL occasion, there are could be two hopping patterns: {X, X+1} (or {X, X-1} dependent on X being even or odd) and {X, mod(X+6, 12)}. Similarly, for three symbol groups per UL occasion we could have multiple hopping patterns, such as {X, X+1, X}, {X, mod(X+6, 12), X} or {X, X+1, mod(X+7, 12)} with the difference on the hopping gap values in the UL occasion. The selection of the hopping pattern shall ensure the symbol groups with 1 subcarrier spacing and the symbol groups with 6 subcarrier spacing can occur in every or at least alternate UL occasions. For example, for two symbol groups per UL occasion, the hopping pattern {X, X+1} on the first 2ms UL occasion and {X, X+6} on the next can get both coarse and find timing estimation within an UL occasion. The hopping pattern {X, X+1} one one UL occasion and {X+7, X+6} on next UL occasion does not yield good timing estimation since the eNB has to rely on the mini-preambles across UL occasions which may not have good performance as they may be far away in time.  
[image: ]
Figure 2: Hopping pattern for 2 symbol groups per UL occasion

Proposal 2: The preamble for TDD NB-IoT can be a predefined sequence of mini-preamble with each mini-preamble consisting of 2 or 3 symbol groups. FFS the hopping pattern between symbol groups and UL occasion

NPUSCH




NPUSCH in FDD can be configured with two modes: single tone mode and multiple tone mode. For single tone mode, two subcarrier spacing are supported, e.g., 3.75KHz and 15KHz. And only 15KHz tone spacing is supported for multi-tone mode. The resource allocation is done in resource unit which is defined as  consecutive SC-FDMA symbols in the time domain and consecutive subcarriers in the frequency domain, where  and  are given by Table 2. Note that NPUSCH transmission is done in the unit of UL slots. One UL slot is transmitted without the gap. The length of UL slot is determined by the subcarrier spacing, e.g., 2ms for 3.75KHz subcarrier spacing and 0.5ms for 15KHz subcarrier spacing. In addition, the 3.75KHz UL slots are aligned with even numbering subframes.
Table 2: Resource unit in time and frequency
	NPUSCH format
	[image: ]
	

	

	


	1
	3.75 kHz
	1
	16
	7

	
	15 kHz
	1
	16
	

	
	
	3
	8
	

	
	
	6
	4
	

	
	
	12
	2
	

	2
	3.75 kHz
	1
	4
	

	
	15 kHz
	1
	4
	



For TDD NB-IoT, we may drop 3.75KHz support for some TDD configurations since part of the UL slots may collide with DL subframe as shown in Figure 3 resulting in some UL slots not useful. We can instead introduce 7.5KHz subcarrier spacing with 1ms slot length to better fit in the 1ms UL subframe. Following 3.75KHz slot structure we can define the 7.5KHz slot structure as the following. That is, there are 7 symbols per 1ms slot with a guard period of 256 samples @30.72MHz as given in Figure 4.
[image: ]
Figure 3: Collision of 3.75KHz UL slot with DL subframes

[image: ]
Figure 4: Slot structure for 7.5KHz subcarrier spacing
Proposal 3: Support 7.5KHz single tone spacing for UL 
The definition of resource unit for TDD NB-IoT can also be changed. Since some TDD configurations have 3 consecutive UL subframes, the current resource unit is done in units of 2, 4, 8, and 16 slots x 7 symbols. To better fit the 3ms UL occasion  we can consider to add additional configs such as 6 slots x 7 symbols or 10 slots x 7 symbols for 15KHz subcarrier spacing. In addition, the resource unit definition can be based on TDD UL/DL configurations. For example, the new resource unit of 6 slots x 7 symbols is only applied to TDD UL/DL configuration 0, 3 or 6.
Proposal 4: Introduce additional resource units such as 6 slots x 7 symbols or 10 slots x 7 symbols for TDD NB-IoT.
[bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution, we discussed the UL design aspects of NB-IoT. We made the following proposal:
Proposal 1: For TDD NB-IoT, the symbol group size is reduced to 1ms to fit within 1 UL subframe. 
Proposal 2: The preamble for TDD NB-IoT can be a predefined sequence of mini-preamble with each mini-preamble consisting of 2 or 3 symbol groups. FFS the hopping pattern between symbol groups and UL occasion
Proposal 3: Support 7.5KHz single tone spacing for UL 
Proposal 4: Introduce additional resource units such as 6 slots x 7 symbols or 10 slots x 7 symbols for TDD NB-IoT.
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