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1. Introduction

In the previous RAN1 meetings, following agreements on the UL aspects were made:

	As for NPRACH
· NPRACH for TDD supports single-tone with frequency hopping

· Multi-tone NPRACH formats can also be considered
· NPRACH formats using G symbol groups with back-to-back transmission followed by a guard time (FFS guard time duration) are supported for 1, 2, and 3 contiguous uplink subframes

· An NPRACH format is associated with one value of N (the number of symbols per symbol group) and CP duration

· G is FFS, and G≥2

· P (number of symbol groups in a preamble) is even.

· For the G symbols groups that are transmitted back-to-back with 3.75 kHz subcarrier spacing, 3.75 kHz and 22.5 kHz hopping distances are supported.

· FFS the details of the hopping pattern

· FFS the hopping distance and pattern if 5 kHz subcarrier spacing is supported

· For the hopping between discontinuous transmissions within one preamble

· FFS hopping distance and hopping pattern

· Cell specific pseudo-random hopping is used between NPRACH preamble repetitions

· FFS details
· NPRACH for TDD NB-IoT uses only 3.75 kHz as subcarrier spacing.
· NPRACH symbol duration is 266.67us.

· Define the following NPRACH formats:

Format

Description

G

P

N

CP length

Nominal cell size

0

Two symbol groups followed by a guard time fit into 1 UL subframe
2

4

1

4778 Ts

(~155.5us)

~23.3km

1

Two symbol groups followed by a guard time fit into 2 UL subframes
2

4

2

8192 Ts

(~266.7us)

~40.0km

2

Two symbol groups followed by a guard time fit into 3 UL subframes
2

4

4

8192 Ts

(~266.7us)

~40.0km

0-a

Three symbol groups followed by a guard time fit into 1 UL subframe
3

6

1

1536 Ts

(~49.95us)

~7.5km

1-a

Three symbol groups followed by a guard time fit into 2 UL subframes

3

6

2

3072 Ts

(~99.9us)

~15.0km

· FFS how and which format to use for each TDD UL/DL configuration 

· For the table above referring to NPRACH format for TDD NB-IoT, a guard time will be created naturally to fit into one (format 0, 0-a), two(format 1, 1-a) or three (format 2) UL subframes .

· FFS the supported number of repetitions for each format
· Mapping table for TDD UL/DL configuration and TDD NPRACH formats is list in Table X
· FFS configuration 6 if it is supported
· Transmit Format 0 and Format 0-a in all NPRACH subframes, and aligned with subframe boundary
Table X Mapping table for UL/DL configuration and NPRACH format
UL/DL configuration index

Format 0

Format 1

Format 2

Format 0-a

Format 1-a

1

√
√
√
√
2

√
√
[3]

[√]
[√]
[√]
4

√
√
√
√
5

√
√
· For G=2, P=4 (format 0, 1, 2)
· when the repetition number = 1
· Tone index of the first and third symbol groups in the preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. The initial tone index to hopping pattern mapping is
Index of the tone used by the 1st symbol group
Deterministic hopping length for the 2nd within a repetition unit

0, 2, 4, 6, 8, 10

+3.75 kHz

1, 3, 5, 7, 9, 11

-3.75 kHz
Index of the tone used by the 3rd symbol group
Deterministic hopping length for the 4th within a repetition unit

0, 1, 2, 3, 4, 5

+22.5 kHz
6, 7, 8, 9, 10, 11

-22.5 kHz
Table 16
· when the repetition number >=2
· The initial tone index to hopping pattern mapping follows table above.

· Tone index of the first symbol groups in the odd preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. 

· Aiming at cancelling phase errors, for an odd preamble that has been transmitted with a given tone index for its first and third symbol groups, the candidate tone index for the first and third symbol groups in the even preamble is chosen by [SFN and ]cell specific pseudo-random sequence and will be confined to one of the tone indexes in the opposite half of the bandwidth as follows:
Odd Preamble Repetition Unit
Even Preamble Repetition Unit

Index of the tone used by the 1st symbol group

Candidate Indexes for the tone to be used by the 1st symbol group

0, 2, 4, 6, 8, 10

1, 3, 5, 7, 9, 11

1, 3, 5, 7, 9, 11

0, 2, 4, 6, 8, 10

Index of the tone used by the 3rd symbol group
Candidate Indexes for the tone to be used by the 3rd symbol group

0, 1, 2, 3, 4, 5

6, 7, 8, 9, 10, 11

6, 7, 8, 9, 10, 11

0, 1, 2, 3, 4, 5

· For G=3, P=6 (format 0-a, format 1-a)
· Tone index of the first and fourth symbol groups in the preamble repetition unit is chosen by [SFN and cell specific pseudo-random sequence (FFS details)]. The initial tone index of the first and fourth symbol groups to hopping pattern mapping is

Table 18 Hopping patterns for 2nd and 3rd symbol group within a repetition unit
Index of the tone used by the 1st symbol group
Hopping pattern for the 2nd and 3rd symbol group within a repetition unit

0, 2, 4, 6, 8, 10

+3.75 kHz, -3.75 kHz
1, 3, 5, 7, 9, 11

-3.75 kHz, +3.75 kHz
Table 19 Hopping patterns for 5th and 6th symbol group within a repetition unit
Index of the tone used by the 4th symbol group
Hopping pattern for the 5th and 6th symbol group within a repetition unit

0, 1, 2, 3, 4, 5

+22.5 kHz, -22.5 kHz
6, 7, 8, 9, 10, 11

-22.5 kHz, 22.5 kHz
As for NPUSCH
· NPUSCH transmissions with 15 kHz subcarrier spacing are supported in all supported UL/DL configurations for NB-IoT TDD.

· 3.75 kHz is also supported, in UL/DL configurations #1, [#3], #4, with the same definition of NB-slot and resource unit as FDD

· FFS if there any need for any other subcarrier spacing and/or slot structure for TDD

· This needs to take into consideration the co-existence of NPRACH and NPUSCH.

· For NPUSCH in NB-IoT TDD:

· For the NPUSCH transmissions with 15 kHz subcarrier spacing, both Multi-tone (3, 6, 12 subcarriers with RU lengths 4ms, 2ms, 1ms) and single tone (with RU length 8ms) transmissions are supported as in FDD NB-IoT for all the supported TDD configurations in TDD NB-IoT other than the TDD configuration #3 and [#6]. The number of supported subcarriers, and RU lengths for TDD configuration #3 and [#6] is FSS (The number of subcarriers and RU lengths as defined in FDD NB-IoT are not precluded).
· For NPUSCH transmission with 15 kHz subcarrier spacing, the number of subcarriers supported in TDD UL/DL configuration #3 is 1, 3, 6 and 12.
· RU length reuses FDD
· For TDD NB-IoT with 15 kHz subcarrier spacing, the resource unit of NPUSCH format 2 is single tone with RU length 2 ms.

· The previous agreement above refers to NPUSCH format 1.
· 3.75 kHz subcarrier spacing is not supported for TDD UL/DL configuration #3.


In this contribution, we identify and discuss the main issues in supporting TDD operation in NB-IoT, especially related to the UL operation.
2. Discussion
2.1. Remaining issue on 3.75kHz subcarrier spacing
According to the agreement of the last meeting, UL invalid subframe can be configured. Similar to the definition of DL invalid subframe, prohibiting NB-IoT transmission on UL invalid subframe seems to be natural. In case of 15kHz subcarrier spacing, NPUSCH transmission criteria for UL invalid subframe can be determined simply; postpone NPUSCH transmission to the subsequent UL valid subframe. However, NPUSCH transmission with 3.75kHz subcarrier spacing should be considered carefully.

In current definition of NB-slot for the 3.75kHz subcarrier spacing requires 2 consecutive subframes. According to the agreement of the previous meeting, special subframe configuration #1 and #4, which have 2 consecutive subframes, can be used for NPUSCH transmission with 3.75kHz subcarrier spacing. However, if one of the consecutive UL subframe is configured as an invalid, current definition of NB-slot could not be used directly. To overcome this problem we can consider three alternatives 

Alt. 1) Postpone to the next 2 consecutive UL valid subframe

Alt. 2) Puncturing symbols which overlap with UL invalid subframe.

Simply, postpone to the next feasible location could be considered as alternative 1. In this case, we can reuse NB-slot structure of FDD NB-IoT without change anything. However, NPUSCH transmission delay could be increased. Also, network would waste unused subcarrier in UL valid subframe which has subsequent UL invalid subframe. Alternatively, puncturing unavailable 3.75kHz symbols in a NB-slot could be considered. In this case, NPUSCH with 3.75kHz subcarrier spacing can use all available UL valid subframes. Thus it is beneficial than alternative 1 in terms of latency and resource efficiency. In this method, DMRS position within a NB-slot needs to be adjusted. In general, UL invalid subframe could be configured to support dynamic TDD. So, it is expected that the invalid UL subframe would be the last UL subframe usually. If so, DMRS symbol would be punctured. To avoid this, adjusting DMRS position in NB-slot should be considered.

Proposal 1: To fit NPUSCH with 3.75kHz subcarrier spacing in one subframe, puncture symbols contained in an unavailable UL subframe.
2.2. NPRACH 
2.2.1. Hopping pattern randomization details
The NPRACH preamble formats are introduced at RAN1 #92 meeting and the principles for hopping patterns for TDD NPRACH preamble formats are introduced at RAN1 #92bis meeting. Still, we have some FFS points on hopping pattern randomization. According to agreement of last RAN1 meeting, SFN and/or cell specific Pseudo-random sequence can be considered for hopping pattern randomization.

Basically, we prefer to apply the same principles for the random hopping used in FDD NPRACH to TDD NPRACH. First of all, the MAC layer selects one subcarrier index within the subcarriers set configured by eNB in FDD NPRACH, and the selected subcarrier is used to the tone index of 1st symbol group of 1st preamble. Applying these principles in TDD NPRACH, the MAC layer should select one subcarrier index within the set of subcarriers configured by eNB, and the selected subcarrier should be used to the tone index of 1st symbol group of 1st preamble.

Moreover, the cell specific Pseudo random sequence is used to the tone index of symbol groups need to random hopping within subsequence preamble transmissions in FDD NPRACH. In particular, the cell specific Pseudo random sequence is used to different symbol groups by using different indices. Following these rules, the cell specific Pseudo random sequence should be used to the tone index of symbol groups need to random hopping within subsequence preamble transmissions in TDD NPRACH, also the cell specific Pseudo random sequence should be used to different symbol groups by using different indices. 
If the principles for random hopping as mentioned above are applied in TDD NPRACH, the TDD preamble formats provides more randomization capability than FDD preamble formats. In addition, SFNs in TDD are expected to be the same between cells. Therefore, it seems cell specific Pseudo-random sequence would be sufficient.
Proposal 2: The followings are applied to TDD NPRACH for the random hopping:

· The tone index of 1st symbol group of 1st preamble is randomly selected by MAC layer.
· For TDD preamble format 0, 1, and 2, the tone index of 1st symbol group and 3rd symbol group of every preambles, except for the tone index of 1st symbol group of 1st preamble, is randomly selected by using the cell specific Pseudo random sequence.

· For TDD preamble format 0-a and 1-a, the tone index of 1st symbol group and 4th symbol group of every preambles, except for the tone index of 1st symbol group of 1st preamble, is randomly selected by using the cell specific Pseudo random sequence.

· The cell specific pseudo-random sequence is initiated by Cell ID.
Figure 1 shows an example of hopping pattern for TDD preamble format with G=2, P=4 (i.e., preamble format 0, 1, 2) when the repetition number is equal to 1.


[image: image1]
Figure 1. An example of hopping pattern for TDD preamble format with G=2, P=4 (i.e., preamble format 0, 1, 2) when the repetition number is equal to 1
Figure 2 shows an example of hopping pattern for TDD preamble format with G=2, P=4 (i.e., preamble format 0, 1, 2) when the repetition number is equal to or larger than 2.


[image: image2]
Figure 2. An example of hopping pattern for TDD preamble format with G=2, P=4 (i.e., preamble format 0, 1, 2) 
when the repetition number is equal to or larger than 2
Figure 3 shows an example of hopping pattern for TDD preamble format with G=3, P=6 (i.e., preamble format 0-a, 1-a).


[image: image3]
Figure 3. An example of hopping pattern for TDD preamble format with G=3, P=6 (i.e., preamble format 0-a, 1-a).
2.2.2. Available TDD preamble formats for UL/DL configuration #3
According to agreement of last RAN1 meeting, RAN1 should confirm available TDD preamble formats for UL/DL configuration #3. It is desirable to introduce various TDD preamble formats that have different CP length. Therefore, except for the TDD preamble format 1 which has the same CP length as the TDD preamble format 2, the TDD preamble formats 0, 2, 0-a, and 1-a should be allowed to use in UL/DL configuration #3.
Proposal 3: The TDD preamble formats 0, 2, 0-a, and 1-a can be used in UL/DL configuration #3.

When one of the TDD preamble format 0 or 0-a is configured, and one of the UL/DL configuration #1, #3, or #4 is configured, the TDD preamble format 0 or 0-a can be transmitted from the NPRACH starting UL subframe, and it can be transmitted the following UL subframes during all preamble repetition. On the other hands, when the TDD preamble format 1-a and UL/DL configuration #3 are configured, the TDD preamble format 1-a can be transmitted from the NPRACH starting UL subframe, and can be transmitted at the 1st UL subframe directly after the special subframe, and it cannot be transmitted at the 3rd UL subframe directly before the DL subframe for all preamble repetitions.
Proposal 4: When one of the TDD preamble format 0 or 0-a is configured, and one of the UL/DL configuration #1, #3, or #4 is configured, the TDD preamble format 0 or 0-a can be transmitted from the NPRACH starting UL subframe, and it can be transmitted the following UL subframes during all preamble repetition.
Proposal 5: When the TDD preamble format 1-a and UL/DL configuration #3 are configured, the TDD preamble format 1-a can be transmitted from the NPRACH starting UL subframe, and can be transmitted at the 1st UL subframe directly after the special subframe, and it cannot be transmitted at the 3rd UL subframe directly before the DL subframe for all preamble repetitions.

2.2.3. Further consideration points
In FDD NB-IoT, the number of symbols of NPRACH preamble format is 20 excluding symbols used as CP. Whereas, the numbers of symbols of each TDD NPRACH preamble formats 0, 1, 2, 0-a, and 1-a are 4, 8, 16, 6, and 12, respectively. To achieve the similar level of MCL in FDD NPRACH, the repetition number of TDD NPRACH preamble formats may need to be scaled up.
Proposal 6: The maximum preamble repetition numbers can be defined to have the same number of symbols between NPRACH preamble formats.

Further handlings may be required to TDD NB-IoT when the NPRACH resource includes invalid UL subframe(s). When the UL subframe is invalid UL subframe, the TDD NB-IoT UE should postpone associated NPRACH preamble transmission. This is because, regarding the TDD preamble format 0, 1, and 2, the positive hopping distances and the negative hopping distances are in two consecutive preambles, respectively, such as odd numbered preamble and even numbered preamble. Also, in order to maintain the MCL, the TDD NB-IoT UE should postpone associated NPRACH preamble at invalid UL subframe.
Proposal 7: The entire NPRACH preamble is not transmitted if it overlaps with a part of invalid UL subframe(s), and it is postponed to the following valid UL subframes.
Also, since the performance of RACH procedure may not be always guaranteed in TDD NB-IoT when NPRACH preamble (i.e., MSG1) and MSG3 are transmitted in the same carrier, it also may be considered that NPRACH preamble (i.e., MSG1) and MSG3 can be transmitted in the different carriers. 
Regarding NPRACH preamble format configuration, TDD NPRACH preamble format and UL subframes where NPRACH preamble can be transmitted can be configured separately. For example, the reference table with NPRACH subframes may be already determined according to configured TDD NPRACH preamble format. Furthermore, the available NPRACH preamble formats also may be already determined according to configured index of UL/DL configuration (i.e., the number of consecutive UL subframes). These approaches have the advantage of using less bits in system information block(s).

3. Conclusion
In this contribution, we identified and discussed the main issues in supporting TDD operation in NB-IoT, especially related to the UL operation. The proposals are summarized as follows.
Proposal 1: To fit NPUSCH with 3.75kHz subcarrier spacing in one subframe, puncture symbols contained in an unavailable UL subframe.
Proposal 2: The followings are applied to TDD NPRACH for the random hopping:

· The tone index of 1st symbol group of 1st preamble is randomly selected by MAC layer.
· For TDD preamble format 0, 1, and 2, the tone index of 1st symbol group and 3rd symbol group of every preambles, except for the tone index of 1st symbol group of 1st preamble, is randomly selected by using the cell specific Pseudo random sequence.

· For TDD preamble format 0-a and 1-a, the tone index of 1st symbol group and 4th symbol group of every preambles, except for the tone index of 1st symbol group of 1st preamble, is randomly selected by using the cell specific Pseudo random sequence.

· The cell specific pseudo-random sequence is initiated by Cell ID.
Proposal 3: The TDD preamble formats 0, 2, 0-a, and 1-a can be used in UL/DL configuration #3.
Proposal 4: When one of the TDD preamble format 0 or 0-a is configured, and one of the UL/DL configuration #1, #3, or #4 is configured, the TDD preamble format 0 or 0-a can be transmitted from the NPRACH starting UL subframe, and it can be transmitted the following UL subframes during all preamble repetition.
Proposal 5: When the TDD preamble format 1-a and UL/DL configuration #3 are configured, the TDD preamble format 1-a can be transmitted from the NPRACH starting UL subframe, and can be transmitted at the 1st UL subframe directly after the special subframe, and it cannot be transmitted at the 3rd UL subframe directly before the DL subframe for all preamble repetitions.

Proposal 6: The maximum preamble repetition numbers can be defined to have the same number of symbols between NPRACH preamble formats.
Proposal 7: The entire NPRACH preamble is not transmitted if it overlaps with a part of invalid UL subframe(s), and it is postponed to the following valid UL subframes.
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