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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

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).


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. Subcarrier spacing for NPUSCH
2.1.1. Supporting UL/DL configuration
In FDD NB-IoT, both multi tone transmission (12, 6, and 3 subcarriers) and single tone transmission are supported for NPUSCH transmission. For multi-tone transmission, 15kHz subcarrier spacing is used, while 3.75kHz subcarrier spacing can be used in addition to the 15kHz subcarrier spacing for single tone transmission. According to the agreement of a previous meeting, 15kHz subcarrier spacing is adopted for all supported UL/DL configuration in TDD NB-IoT. Meanwhile, there were concerns on supporting 3.75kHz subcarrier spacing UL/DL configurations due to the limitation of TDD radio frame structure. In this section we focus on issues of 3.75kHz subcarrier spacing in TDD NB-IoT.

In FDD NB-IoT, one slot with 3.75kHz subcarrier spacing has 2ms duration. Therefore at least two sequential UL subframes must be guaranteed to support 2ms slot duration. However, in some case of UL/DL configuration, slot definition for 3.75kHz subcarrier spacing in FDD NB-IoT cannot be applied due to the limitation of the number of sequential UL subframes. For example, FDD 3.75kHz subcarrier spacing slot structure could not be applied directly in UL/DL configuration #2 and #5 due to the limitation of the length of sequential UL subframes. For this reason, UL/DL configuration #2 and #5 are excluded in the agreement in the last meeting which is about supporting UL/DL configuration for 3.75kHz subcarrier spacing. 

In FDD NB-IoT, 3.75kHz subcarrier spacing can be more beneficial than 15kHz subcarrier spacing in some scenarios. First, 3.75kHz subcarrier spacing is more suitable to support coverage enhanced UEs. Also, 3.75kHz subcarrier spacing can enhance the capability of frequency domain multiplexing, because the number of subcarriers of 3.75kHz subcarrier spacing is four times larger than 15kHz subcarrier spacing. For the same reason, it is easier to avoid a collision between the single tone transmissions from different cell by scheduling. Moreover, CP overhead of 3.75kHz subcarrier spacing is less than 15kHz subcarrier spacing. So, it has benefits in terms of UE power saving perspective. 

Of course, these benefits from 3.75kHz subcarrier spacing in FDD NB-IoT can be achieved in TDD NB-IoT as well. Moreover, the number of UL subframes in a subframe is limited in TDD NB-IoT. Thus time domain scheduling can be restricted which may cause larger latency to be scheduled. Additionally, we can consider the impact of additional features which can be introduced in Rel-15; SPS and/or SR. In general, SPS and SR reserve frequency/time resources periodically, which cannot be scheduled to other UEs dynamically. Note that NPRACH, which is an existing feature in NB-IoT, also requires reserved frequency/time resources and it cannot be scheduled for other purpose as well. Also, large repetition number can be configured for them to satisfy target MCL. In this point of view, it would be beneficial to have more scheduling flexibility in frequency domain with finer multiplexing capability with 3.75kHz subcarrier spacing.
In case of UL/DL configuration #5, there is only one UL subframe per frame, so time domain multiplexing can be restricted seriously. Thus, it is preferable to share UL subframe in frequency domain more dynamically. Also, enhancing capability of UL/DL configuration #2 should be considered because it is most widely used configuration.

In case of three consecutive UL subframes in UL/DL configurations #3 and #6, UL scheduling with 3.75kHz subcarrier spacing can be restricted to a specific 2 consecutive subframes among the 3 consecutive subframes. In this case, the remaining subframe can be used for UL scheduling with 15kHz subcarrier spacing. Another approach is to use short slot structure with 3.75kHz subcarrier spacing as described in the next section. 

Proposal 1: Support 3.75kHz subcarrier spacing for all UL/DL configurations.

2.1.2. UL invalid subframe
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, [#3] and #4, which have 2 [or 3] 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

: Simply, postpone to the next feasible location could be considered. 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. 

Alt. 2) Puncturing / short slot 

: To fit in one UL valid subframe, 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. 

Alternatively short slot structure, which has reduced number of symbol in a slot, could be considered. To align 1ms UL subframe boundary, 3 symbols can be used in this slot structure which consist of 1 DMRS symbol and 2 data symbols. Compare to the puncturing method, short slot structure may have more flexibility than puncturing method. Short slot structure can contain DMRS symbol regardless valid/invalid subframe position, while puncturing can be applied in limit invalid subframe pattern to convey DMRS symbol.

Figure 1, shows on example of alternative 2 methods. 
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Figure 1. Short slot or puncturing based NPUSCH transmission with 3.75kHz subcarrier spacing
As we described above, postpone method is not preferable in terms of performance and efficiency. Meanwhile, puncturing or short slot structure can afford UL invalid subframe problem. Moreover these methods could be implemented to other UL/DL configurations which have 1 or 3 consecutive UL subframes. So, alternative 2 is preferable. 

Proposal 2: To fit NPUSCH with 3.75kHz subcarrier spacing in one subframe

· Alt. 1) Puncture symbols contained in an unavailable UL subframe

· Alt. 2) Introduce short slot structure 
2.2. ACK/NACK transmission
TDD frame structure has different features from FDD; UL subframes, DL subframes and special subframes exist together in a same carrier frequency. Thus, the number of available UL subframes in a radio frame of TDD is smaller than that of FDD. This feature makes UL scheduling restriction and increase the latency. Also, NB-IoT should be suitable supporting massive connectivity. Thus, it is important to manage UL resource efficiently in TDD NB-IoT. In this context, it can be considered enhancing ACK/NACK transmission channel to reduce the required UL resource efficiently. 

One possibility is to support ACK/NACK piggybacking onto PUSCH format 1 in TDD NB-IoT. If interlacing of DL data and UL data is allowed in TDD NB-IoT as discussed in our another contribution [1], this approach would reduce the required UL resource when a UE should transmit UL data and ACK/NACK for DL data at the same time.

Also, ACK/NACK transmission in case of 2-HARQ process should be considered carefully to use UL resource efficiently. In FDD NB-IoT, ACK/NACK transmission of 2-HARQ process follows the timing relationship of single HARQ process. However, in TDD NB-IoT, this feature maybe not suitable due to the restriction on available UL resource and scheduling restriction which can increase the latency performance. In this point of view, some additional advanced techniques could be considered to enhance the UL resource efficiency and scheduling restriction for TDD NB-IoT. For example, ACK/NACK bundling or multiplexing could be considered for 2-HARQ process. Although, FDD NB-IoT does not support these kinds of methods, TDD NB-IoT may require more efficient UL resource management as we described above. 

Another topic is an ACK/NACK configuration for the early termination. As we described in our companion’s contribution [1], UL/DL interlacing could be applied in NB-IoT TDD. In this point of view, UE can receive the DL ACK/NACK for the UL data while transmitting its NPUSCH format 1 for early termination. Likewise, UE can send the UL ACK/NACK for the DL data before the end of the configured DL channel. This feature may be useful to handle the lack of UL/DL resources more efficiently. Also, latency and power consumption of the UE can be reduced. To support early termination procedure, ACK/NACK procedure and its resource configuration should be considered carefully.
Proposal 3: Enhancement of ACK/NACK for Rel-15 TDD NB-IoT should be considered for efficient utilization of UL resources in TDD UL/DL configurations.
· Support ACK/NACK piggy back on NPUSCH format 1 if UL/DL interlacing is supported.

· Support ACK/NACK bundling or multiplexing for 2-HARQ process.
· Support an early termination of UL/DL transmission utilizing interlaced UL/DL structure
2.3. NPRACH 
2.3.1. Hopping pattern of NPRACH preamble formats
The NPRACH preamble formats introduced at RAN1 #92 meeting can be defined in two preamble groups. The first preamble group consists of NPRACH preamble formats 0, 1, and 2, and they have four symbol groups in single preamble (i.e., G=2 and P=4). The other preamble group consists of NPRACH preamble formats 0-a and 1-a, and they have six symbol groups in single preamble (i.e., G=3 and P=6).
2.3.1.1. Hopping pattern for preamble formats with G=2 and P=4.
In this sub-section, we discuss the hopping pattern for NPRACH preamble formats 0, 1, and 2. The very basic hopping pattern for NPRACH preamble formats 0, 1, and 2 is given as Table 1. In Table 1, the different hopping patterns are shown according to the starting subcarrier index selected for transmission of NPRACH preamble. 
Table 1. Starting subcarrier index and hopping patterns for NPRACH preamble format with G=2 and P=4.

	Starting subcarrier index
	Hopping patterns within a repetition unit

	0, 2, 4
	{+3.75 kHz, 0, +22.5 kHz}

	1, 3, 5
	{-3.75 kHz, 0, +22.5 kHz}

	6, 8, 10
	{+3.75 kHz, 0, -22.5 kHz}

	7, 9, 11
	{-3.75 kHz, 0, -22.5 kHz}


On top of that, we need to consider the repetition number of NPRACH preamble. In other words, when the repetition number of NPRACH preamble is equal to 1, it is allowed to determine the hopping pattern according to Table 1, but when the repetition number of NPRACH preamble is greater than or equal to 2, additional actions may be considered to achieve better performance. For example, when the repetition number of NPRACH preamble is greater than or equal to 2, the candidates for starting subcarrier index of even-numbered preamble repetition unit (e.g., 2nd, 4th, 6th…) are determined by the starting subcarrier index of odd-numbered preamble repetition unit (e.g., 1st, 3rd, 5th…) transmitted just before. Table 2 shows this action when the repetition number of NPRACH preamble is greater than or equal to 2. 
Table 2. Candidate starting subcarrier indices for even-numbered preamble prepetition unit 
for NPRACH preamble format with G=2 and P=4.

	Starting subcarrier index of 
odd-numbered preamble repetition unit
	Candidate starting subcarrier indices for 
even-numbered preamble repetition unit

	0, 2, 4
	7, 9, 11

	1, 3, 5
	6, 8, 10

	6, 8, 10
	1, 3, 5

	7, 9, 11
	0, 2, 4


In addition, detail method to select one of the different indices of starting subcarrier for even-numbered preamble repetition unit is needed. To be specific, when the repetition number of NPRACH preamble is greater than or equal to 2, and starting subcarrier index of odd-numbered preamble repetition unit is 0 or 2 or 4, then the starting subcarrier index for even-numbered preamble repetition unit should be selected among {7, 9, 11}. It is desirable to consider that both Cell-ID and the starting subcarrier index of odd-numbered preamble repetition unit should be included to select the starting subcarrier index for even-numbered preamble repetition unit. This approaches may reduce the inter-cell interference because of resource randomization based on the cell-ID. Also, it can reduce the probability of preamble collision between cells when the NPRACH resources from cells collide with each other, because the starting subcarrier index for even-numbered preamble repetition unit is already tided one-to-one according to the starting subcarrier index of odd-numbered preamble repetition unit. Table 3 shows an example of starting subcarrier index for even-numbered preamble repetition unit based on both Cell-ID and the starting subcarrier index of odd-numbered preamble repetition unit.
Table 3. An example of starting subcarrier index of even-numbered preamble repetition unit
	Starting subcarrier index of odd-numbered preamble repetition unit 

( Starting subcarrier index for even-numbered preamble repetition unit

	Cell ID mod 3 = 0
	Cell ID mod 3 = 1
	Cell ID mod 3 = 2

	0 ( 7
	0 ( 9
	0 ( 11

	1 ( 6
	1 ( 8
	1 ( 10

	2 ( 9
	2 ( 11
	2 ( 7

	3 ( 8
	3 ( 10
	3 ( 6

	4 ( 11
	4 ( 7
	4 ( 9

	5 ( 10
	5 ( 6
	5 ( 8

	6 ( 1
	6 ( 3
	6 ( 5

	7 ( 0
	7 ( 2
	7 ( 4

	8 ( 3
	8 ( 5
	8 ( 1

	9 ( 2
	9 ( 4
	9 ( 0

	10 ( 5
	10 ( 1
	10 ( 3

	11 ( 4
	11 ( 0
	11 ( 2


Proposal 4: Hopping pattern for preamble formats with G=2 and P=4 is defined as follows.
· The NPRACH starting subcarrier(s) of the first preamble and the following every other preamble(s) is(are) chosen in the same way as FDD

· The NPRACH starting subcarrier of the preamble in between is determined by cell ID (e.g., cell ID mod 3) within the candidate NPRACH starting subcarriers given by Table 2
· The hopping pattern within a preamble is determined by Table 1
· Table 1. Starting subcarrier index and hopping patterns
	Starting subcarrier index
	Hopping patterns within a repetition unit

	0, 2, 4
	{+3.75 kHz, 0, +22.5 kHz}

	1, 3, 5
	{-3.75 kHz, 0, +22.5 kHz}

	6, 8, 10
	{+3.75 kHz, 0, -22.5 kHz}

	7, 9, 11
	{-3.75 kHz, 0, -22.5 kHz}


· Table 2. Candidate starting subcarrier indices for even-numbered preamble prepetition unit
	Starting subcarrier index of 
odd-numbered preamble repetition unit
	Candidate starting subcarrier indices for 
even-numbered preamble repetition unit

	0, 2, 4
	7, 9, 11

	1, 3, 5
	6, 8, 10

	6, 8, 10
	1, 3, 5

	7, 9, 11
	0, 2, 4


2.3.1.2. Hopping pattern for preamble formats with G=3 and P=6.
In this sub-section, we discuss the hopping pattern for NPRACH preamble formats 0-a and 1-a. We have two alternative hopping patterns for NPRACH preamble formats 0-a and 1-a, and these two alternatives are shown as figure 2(a) and figure 2(b), respectively.
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Figure 2(a). Hopping pattern Alt. 1.
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Figure 2(b). Hopping pattern Alt. 2.
The main difference between hopping pattern Alt. 2 and hopping pattern Alt. 1 is that the hopping pattern Alt 2 has both positive hopping distance and negative hopping distance within back-to-back transmitted symbol groups and the absolute values of these two hopping distances are exactly same. In order to eliminate the residual CFO at NPRACH preamble receiver, the middle symbol group in back-to-back transmitted symbol groups will be shared. Taking this into consideration, the noise in the shared symbol in between will be repeatedly used in the NPRACH preamble detection process and it may cause performance degradation.

In order to see the aforementioned impacts, simple performance evaluation has been done under the evaluation assumptions summarized in Table 6 in Appendix A. Here, 2 cases are defined as follows:

(1) Case 1: uses different symbol groups when it eliminates the residual CFO

(2) Case 2: shares the same symbol group when it eliminates the residual CFO

Figure 3 shows the time estimation performances of case 1 and case 2. As can be seen from Figure 3, the case 1 shows a slightly better performance than the case 2.


[image: image4]
Figure 3. CDFs of timing estimation error for two test cases
Furthermore, another performance comparison between Alt. 1 and Alt. 2 has been conducted in realistic environment (i.e., TU channel with Doppler 1Hz and ±50 Hz CFO). As can be seen from Figure 4, the time estimation performance of hopping pattern Alt. 1 is slightly better than the hopping pattern Alt. 2. Therefore, we propose the hopping pattern Alt. 1 for NPRACH preamble formats 0-a and 1-a.
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Figure 4. CDFs of timing estimation error for two alternative hopping patterns
Here, the proposed hopping pattern (i.e., hopping pattern Alt. 1) for NPRACH preamble formats 0-a and 1-a is given as Table 4. In Table 4, the different hopping patterns are shown according to the starting subcarrier index selected for transmission of NPRACH preamble.
Table 4. Starting subcarrier index and hopping patterns for NPRACH preamble format with G=3 and P=6.

	Starting subcarrier index
	Hopping patterns within a repetition unit

	0, 2, 4
	{+3.75kHz, +22.5kHz, 0, -3.75kHz, -22.5kHz}

	1, 3, 5
	{-3.75kHz, +22.5kHz, 0, +3.75kHz, -22.5kHz}

	6, 8, 10
	{+3.75kHz, -22.5kHz, 0, -3.75kHz, +22.5kHz}

	7, 9, 11
	{-3.75kHz, -22.5kHz, 0, +3.75kHz, +22.5kHz}


Observation 1: The hopping pattern that shares the same symbol group (i.e., middle symbol group of three back-to-back symbol groups) when it eliminates the residual CFO gets worse performance than the hopping pattern that uses the different symbol groups when it eliminates the residual CFO. 
Proposal 5: Hopping pattern for preamble formats with G=3 and P=6 is defined as follows.

· The NPRACH starting subcarrier(s) of preamble(s) is(are) chosen in the same way as FDD

· The hopping pattern within a preamble is determined by Table 4

Table 4. Starting subcarrier index and hopping patterns
	Starting subcarrier index
	Hopping patterns within a repetition unit

	0, 2, 4
	{+3.75kHz, +22.5kHz, 0, -3.75kHz, -22.5kHz}

	1, 3, 5
	{-3.75kHz, +22.5kHz, 0, +3.75kHz, -22.5kHz}

	6, 8, 10
	{+3.75kHz, -22.5kHz, 0, -3.75kHz, +22.5kHz}

	7, 9, 11
	{-3.75kHz, -22.5kHz, 0, +3.75kHz, +22.5kHz}


2.3.2. Further consideration points
One of remaining issues is the relationship between preamble formats and UL/DL configurations. In our perspective, each preamble format does not need to be combined with a specific UL/DL configuration or a specific number of consecutive UL subframes. For example, in case of eMTC and LTE, usage of each PRACH preamble format is not dedicated to a specific UL/DL configuration, but can be used for any UL/DL configurations as long as the length of the back-to-back transmission with the preamble format fits within the available consecutive UL subframes. For example, table 5 can be used to which preamble format to use for each UL/DL configuration.

Table 5. Example of NPRACH preamble format usage for each UL/DL configuration in TDD NB-IoT

	NPRACH preamble format
	UL/DL configuration index

	
	#1
	#2
	#3
	#4
	#5
	[#6]

	0, 0-a
	O
	O
	O
	O
	O
	O

	1, 1-a
	O
	X
	O
	O
	X
	O

	2
	X
	X
	O
	X
	X
	O


Proposal 6: An NPRACH preamble format can be used for any UL/DL configurations as long as the length of the back-to-back transmission with the preamble format fits within the available consecutive UL subframes.
In TDD eMTC, PRACH preamble can be repeatedly transmitted over available UL subframes configured by higher layer. According to 3GPP TS 36.211, even when the PRACH preamble defined for single UL subframe (i.e., PRACH preamble format 0) is configured, the PRACH preamble format can be transmitted using TCP, TSEQ, and TGP three times each in three consecutive UL subframes if the configured PRACH configuration index allows to use three consecutive UL subframes (e.g., PRACH configuration index #18 with UL/DL configuration #0, #3, or #6). Applying a similar approach of repetition transmission of PRACH preamble formats to TDD NB-IoT can be considered.
Proposal 7: More than one unit of G symbol groups can be transmitted back to back over consecutive UL subframes.

· Starting time of each unit is aligned with the subframe boundary
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 8: The maximum preamble repetition numbers can be defined to have the same number of symbols between NPRACH preamble formats.
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 available UL subfames 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: Support 3.75kHz subcarrier spacing for all UL/DL configurations.
Proposal 2: To fit NPUSCH with 3.75kHz subcarrier spacing in one subframe

· Alt. 1) Puncture symbols contained in an unavailable UL subframe.

· Alt. 2) Introduce short slot structure.
Proposal 3: Enhancement of ACK/NACK for Rel-15 TDD NB-IoT should be considered for efficient utilization of UL resources in TDD UL/DL configurations.
· Support ACK/NACK piggy back on NPUSCH format 1 if UL/DL interlacing is supported.

· Support ACK/NACK bundling or multiplexing for 2-HARQ process.
· Support an early termination of UL/DL transmission utilizing interlaced UL/DL structure.
Proposal 4: Hopping pattern for preamble formats with G=2 and P=4 is defined as follows.

· The NPRACH starting subcarrier(s) of the first preamble and the following every other preamble(s) is(are) chosen in the same way as FDD

· The NPRACH starting subcarrier of the preamble in between is determined by cell ID (e.g., cell ID mod 3) within the candidate NPRACH starting subcarriers given by Table 2

· The hopping pattern within a preamble is determined by Table 1

· Table 1. Starting subcarrier index and hopping patterns
	Starting subcarrier index
	Hopping patterns within a repetition unit

	0, 2, 4
	{+3.75 kHz, 0, +22.5 kHz}

	1, 3, 5
	{-3.75 kHz, 0, +22.5 kHz}

	6, 8, 10
	{+3.75 kHz, 0, -22.5 kHz}

	7, 9, 11
	{-3.75 kHz, 0, -22.5 kHz}


· Table 2. Candidate starting subcarrier indices for even-numbered preamble prepetition unit
	Starting subcarrier index of 
odd-numbered preamble repetition unit
	Candidate starting subcarrier indices for 
even-numbered preamble repetition unit

	0, 2, 4
	7, 9, 11

	1, 3, 5
	6, 8, 10

	6, 8, 10
	1, 3, 5

	7, 9, 11
	0, 2, 4


Observation 1: The hopping pattern that shares the same symbol group (i.e., middle symbol group of three back-to-back symbol groups) when it eliminates the residual CFO gets worse performance than the hopping pattern that uses the different symbol groups when it eliminates the residual CFO. 

Proposal 5: Hopping pattern for preamble formats with G=3 and P=6 is defined as follows.

· The NPRACH starting subcarrier(s) of preamble(s) is(are) chosen in the same way as FDD

· The hopping pattern within a preamble is determined by Table 4

Table 4. Starting subcarrier index and hopping patterns
	Starting subcarrier index
	Hopping patterns within a repetition unit

	0, 2, 4
	{+3.75kHz, +22.5kHz, 0, -3.75kHz, -22.5kHz}

	1, 3, 5
	{-3.75kHz, +22.5kHz, 0, +3.75kHz, -22.5kHz}

	6, 8, 10
	{+3.75kHz, -22.5kHz, 0, -3.75kHz, +22.5kHz}

	7, 9, 11
	{-3.75kHz, -22.5kHz, 0, +3.75kHz, +22.5kHz}


Proposal 6: An NPRACH preamble format can be used for any UL/DL configurations as long as the length of the back-to-back transmission with the preamble format fits within the available consecutive UL subframes.
Proposal 7: More than one unit of G symbol groups can be transmitted back to back over consecutive UL subframes.

· Starting time of each unit is aligned with the subframe boundary

Proposal 8: The maximum preamble repetition numbers can be defined to have the same number of symbols between NPRACH preamble formats.
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[1] R1-1804530, Discussion on common aspects in TDD NB-IoT, LG Electronics
5. Appendix
5.1. Appendix A 
Table 6. Link-level Evaluation Assumptions

	Parameter
	Value

	System BW
	180 kHz

	SNR
	0.0 dB

	Carrier Frequency
	900 MHz

	Channel Model
	AWGN, TU

	Doppler Spread
	1 Hz

	Frequency Error
	0, Uniformly distributed in [-50 Hz, 50 Hz]

	Symbol Duration
	266.66 (us)

	Subcarrier Spacing 
	3.75 (kHz)


[image: image6.png]CDFs of timing estimation error (AWGN, without CFO)

—Case 1

—Case 2

Timing estimation error (in us)




[image: image7.png]CDFs of timing estimation error

/
//
—Hopping pattern Alt. 1.
—Hopping pattern Alt. 2.
-3 -2 -1 0 1 2 3

Timing estimation error (in us)




_1584535282.vsd
UL subframe


DL subframe


Special subframe


UL subframe


DL subframe


UL subframe


DL subframe


Special subframe


UL subframe


DL subframe


Short slot or punctured NB-slot


valid


invalid


valid


valid


NB-slot


Data symbol


DMRS symbol


Unused symbol



