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1 Introduction

According with the Work Item Description (WID) on further NB-IoT enhancements [1], revised in [2] and more recently in [3] (see text below in a different font colour), one of the objectives refers to work on the support of the TDD operation into NB-IoT, which commenced from RAN #76. 

B. Work on the following objective to commence from RAN#76

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 addition to the baseline, support the following:

· Based on Rel-14 FDD designs:

· OTDOA positioning using Rel-14 NPRS RE patterns and sequences. Subframe configurations Part A and Part B shall be used with necessary amendments, if any.

· Non-anchor carrier operation for paging and random access

· UE category NB2, with the same TBS table as FDD, and support for 1 and 2 UL/DL HARQ processes. The support of 2 UL/DL HARQ processes by UE is an optional capability available to Cat NB2, i.e. same way as FDD.

· Non-anchor carrier operation for system information (MIB-NB and any SIB-NB) can be considered.

· Specify band specific requirements for band 41.

This contribution analyses the uplink (UL) aspects for TDD NB-IoT, covering the remaining issues on NPRACH, NPUSCH, and other uplink aspects. The analysis was performed based on pending agreements from RAN1 #90bis, #91, and the most recent agreements reached in RAN1 #92 [4-6]. The document that analyses the downlink (DL) can be found in [7].
2 Background

In RAN1 #92, the discussions on UL aspects focused on the NPRACH design for TDD NB-IoT from which the following agreements were reached:

Table 1: Agreements from RAN1 #92 on UL aspects – NPRACH for TDD NB-IoT
	Agreement
NPRACH for TDD NB-IoT uses only 3.75 kHz as subcarrier spacing.
Agreement
NPRACH symbol duration is 266.67us.
Agreement
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

Table 1

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


On the other hand, since the remaining open issues on NPUSCH for TDD NB-IoT were not treated in RAN1 #92, below we have copied the set of agreements from RAN1 #91 and #90bis as a guidance for assessing the open issues [4]:

Table 2: Agreements from RAN1 #91 on UL aspects – NPUSCH for TDD NB-IoT
	Agreement
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).


Table 3: Agreements from RAN1 #90bis on UL aspects – NPUSCH for TDD NB-IoT
	Agreements:

· 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.


The following subsections continue the analysis on uplink aspects for TDD NB-IoT, starting with the remaining issues on NPRACH followed by NPUSCH.

3 TDD support into NB-IoT for uplink

The analysis below addresses the remaining issues on NPRACH and NPUSCH for TDD NB-IoT, accounting for the latest RAN1 agreements, and aiming at supporting them with the least possible impacts.

3.1 NPRACH support into TDD NB-IoT

3.1.1 NPRACH Formats for TDD NB-IoT

In TDD not all the symbol groups composing one preamble repetition unit can be transmitted next to each other due to the discontinuities that are inherently present in the LTE TDD configurations. Therefore, for TDD NB-IoT it was agreed that “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” with “G≥2”, while “P (number of symbol groups in a preamble) is even.” In RAN1 #92, the above set of agreements led to the following NPRACH formats for TDD NB-IoT.
Table 1: NPRACH formats for TDD NB-IoT
	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


3.1.2 How and which format to use for each TDD UL/DL configuration
Once RAN1 agreed on the NPRACH formats to be supported by TDD NB-IoT, the first FFS to be discussed at the incoming meeting refers to “How and which format to use for each TDD UL/DL configuration,” which is analysed below:
3.1.2.1 TDD NPRACH Format 0

· Format 0: Four symbol groups (P=4) compose one preamble repetition unit, where firstly two symbol groups are transmitted back-to-back (G=2) followed by a guard time fitting into 1 UL subframe, then (in principle after a discontinuity), the remaining two symbol groups are transmitted back-to-back (G=2) followed by a guard time fitting also into 1 UL subframe.
Analysis: For P=4=G+G, where each “G” followed by a guard time respectively fits into 1 UL subframe, the Format 0 was in principle designed to address the LTE TDD configurations #2, and #5 which have isolated UL subframes. One example of the NPRACH Format 0 used on the TDD configuration #2 is depicted in Figure 1.
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Figure 1: TDD NB-IoT NPRACH format 0 utilized on the TDD UL/DL configuration #2.
As mentioned earlier, with Format 0 each G symbol groups followed by a guard time fit into 1 UL subframe, which makes possible to use the Format 0 on all the supported TDD UL/DL configurations aiming at offering more flexibility. If TDD NPRACH Format 0 were usable on all the supported TDD UL/DL configurations, then:

· For TDD configuration #2 and #5 there will always be a discontinuity in between the second and third symbols groups composing a preamble.
· For TDD configuration #1 and #4 there will not be any discontinuity in between the second and third symbols groups composing a preamble.
· For TDD configuration #3 and #6, the discontinuity in between the second and third symbols groups composing a preamble will not always occur.
Note: It is in principle possible using the Format 0 on all the TDD configurations supported by TDD NB-IoT, since the basic requirement of transmitting G symbol groups back-to-back is never broken or violated.
Observation 1: Format 0 (where G symbol groups followed by a guard time fit into 1 UL subframe) was in principle designed to address the LTE TDD configurations #2, and #5 which have isolated UL subframes. Moreover, given that the Format 0 fits its contents into 1 UL subframe, it might be possible to use it on all the supported TDD UL/DL configurations aiming at offering more flexibility:
· For TDD configuration #2 and #5 there will always be a discontinuity in between the second and third symbols groups composing a preamble.
· For TDD configuration #1 and #4 there won’t be any discontinuity in between the second and third symbols groups composing a preamble.
· For TDD configuration #3 and #6, the discontinuity in between the second and third symbols groups composing a preamble will not always occur.
Note: It is in principle possible using the Format 0 on all the TDD configurations supported by TDD NB-IoT, since the basic requirement of transmitting G symbol groups back-to-back is never broken or violated.
3.1.2.2 TDD NPRACH Format 1
· Format 1: Four symbol groups (P=4) compose one preamble repetition unit, where firstly two symbol groups are transmitted back-to-back (G=2) followed by a guard time fitting into 2 UL subframes, then (in principle after a discontinuity), the remaining two symbol groups are transmitted back-to-back (G=2) followed by a guard time fitting also into 2 UL subframes.
Analysis: For P=4=G+G, where each “G” followed by a guard time fits into 2 UL subframes, the Format 1 was in principle designed to address the LTE TDD configurations #1, #4, and [#6] which count with exact 2 UL contiguous subframes (in the case of the TDD configuration #6, there are 2 contiguous UL subframes only in the second half of the radio frame). One example of the NPRACH format used on the TDD configuration #1 is depicted in Figure 2.
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Figure 2: TDD NB-IoT NPRACH format 1 utilized on the TDD UL/DL configuration #1.
On the other hand, aiming at extending the usability of the Format 1, some companies have expressed their intention of using it on all the supported TDD UL/DL configurations counting with at least 2 UL adjacent subframes. However, for Format 1 the situation is not so straight forward because if it is used on a TDD configuration having 3 contiguous UL subframes (e.g., TDD configuration #3), then the first two out of three UL subframes can host (i.e., without any problem) the “G symbols groups transmitted back-to-back followed by a guard time”, but using the third UL subframe for Format 1 will lead to breaking the basic requirement of transmitting G symbol groups back-to-back since Format 1 fits its content over pairs of contiguous UL subframes. This issue is illustrated in Figure 3.
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Figure 3: Issue of supporting TDD NB-IoT NPRACH format 1 on TDD UL/DL configurations having 3 contiguous UL subframes (e.g., TDD configuration #3).
Thus, for supporting the TDD NPRACH Format 1 on all the supported TDD UL/DL configurations counting with at least 2 UL adjacent subframes, it would be needed to skip the UL subframes not being part of a pair of contiguous UL subframes. The easies way of doing that is by predetermining the starting subframe when the TDD NPRACH Format 1 is used on a TDD configuration having 3 UL adjacent subframes. Figure 4 illustrates how the TDD NPRACH Format 1 can be supported on a TDD UL/DL configuration (TDD configuration #3) having 3 contiguous UL subframes. Note: The UL subframes not used by NPRACH, can be used by NPUSCH.
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Figure 4: Supporting TDD NB-IoT NPRACH format 1 on TDD UL/DL configurations having 3 contiguous UL subframes (e.g., TDD configuration #3).
The solution depicted above keeps complaint with the requirement of transmitting at least G symbol groups back-to-back. Thus, aiming at extending its utilization, if Format 1 were used on TDD UL/DL configurations counting with at least 2 UL subframes, then:

· For TDD configuration #1 and #4 there is a natural fitting since Format 1 fits its content into 2 UL subframes, therefore there will always be a discontinuity in between the second and third symbols groups composing a preamble.

· For TDD configuration #3, where there are 3 contiguous UL subframes, it needs to be predetermined that the starting subframe is the second subframe within the group of 3 contiguous UL subframes (which doesn’t requires adding any extra signalling), otherwise the UL subframe not being part of a pair of UL subframes will result in violating the basic requirement of transmitting G symbol groups back-to-back. Once, the starting subframe has been predetermined then there will always be a discontinuity in between the second and third symbols groups composing a preamble.

Note: The TDD configurations #6 also has 3 contiguous UL subframes. However, it is under a working assumption and might not be supported, especially if cross-carrier scheduling is not supported for TDD NB-IoT since it needs an available DL subcarrier to schedule UL transmissions. For this reason, extending the usability of the NPRACH format 1 will only be applicable for the TDD configuration #3.
Observation 2: Format 1 (where G symbol groups followed by a guard time fit into 2 UL subframes) was in principle designed to address the LTE TDD configurations #1, #4, and [#6] which count with exact 2 UL contiguous subframes (in the case of the TDD configuration #6, there are 2 contiguous UL subframes only in the second half of the radio frame). Moreover, aiming at extending its utilization, if Format 1 were used on TDD UL/DL configurations counting with at least 2 UL subframes, then:

· For TDD configuration #1 and #4 there is a natural fitting since Format 1 fits its content into 2 UL subframes, therefore there will always be a discontinuity in between the second and third symbols groups composing a preamble.
· For TDD configuration #3, it needs to be predetermined that the starting subframe is the second subframe within the group of 3 contiguous UL subframes (which doesn’t requires adding any extra signalling). Otherwise the UL subframe not being part of a pair of UL subframes will result in violating the basic requirement of transmitting G symbol groups back-to-back. Once, the starting subframe has been predetermined then there will always be a discontinuity in between the second and third symbols groups composing a preamble.

Note: The TDD configurations #6 also has 3 contiguous UL subframes. However, it is under a working assumption and might not be supported, especially if cross-carrier scheduling is not supported for TDD NB-IoT since it needs an available DL subcarrier to schedule UL transmissions. For this reason, extending the usability of the NPRACH format 1 will only be applicable for the TDD configuration #3.
3.1.2.3 TDD NPRACH Format 2
· Format 2: Four symbol groups (P=4) compose one preamble repetition unit, where firstly two symbol groups are transmitted back-to-back (G=2) followed by a guard time fitting into 3 UL subframes, then (in principle after a discontinuity), the remaining two symbol groups are transmitted back-to-back (G=2) followed by a guard time fitting also into 3 UL subframes.
· Analysis: For P=4=G+G, where each “G” followed by a guard time fits into 3 UL subframes, the Format 2 was in principle designed to address the LTE TDD configurations #3, and [#6] which count with exact 3 UL contiguous subframes (in the case of the TDD configuration #6, there are 3 contiguous UL subframes only in the first half of the radio frame). One example of the NPRACH Format 2 used on the TDD configuration #3 is depicted in Figure 5.
[image: image5.png]Format #2:

Xtone hopping

} 1tone hopping

AnNPRACH preamble repetition unit in NB-ToT
TDD consists of 4 symbol groups
Confiquration

s] [esTulvlulofelbofo[D]





 Figure 5: Supporting TDD NB-IoT NPRACH format 2 on TDD UL/DL configurations having 3 contiguous UL subframes (e.g., TDD configuration #3).
Format 2 fits its contents into 3 UL adjacent subframes, for this reason it can only be used on the TDD configurations #3 and [#6]. However, as explained earlier, the TDD configuration #6 is under a Working Assumption and most likely won’t be part of TDD NB-IoT since its support seems to be highly dependent on reaching an agreement on cross-carrier scheduling for TDD NB-IoT. Thus, as it is now, Format 2 will only be used on TDD UL/DL configuration #3:

· For TDD configuration #3 there is a natural fitting since Format 2 fits its content into 3 contiguous UL subframes, therefore there will always be a discontinuity in between the second and third symbols groups composing a preamble.
Observation 3: Format 2 (where G symbol groups followed by a guard time fit into 3 UL subframes) was in principle designed to address the LTE TDD configurations #3, and [#6] which count with exact 3 UL contiguous subframes (in the case of the TDD configuration #6, there are 3 contiguous UL subframes only in the first half of the radio frame). The TDD configuration #6 is under a Working Assumption and most likely won’t be part of TDD NB-IoT since its support seems to be highly dependent on reaching an agreement on cross-carrier scheduling for TDD NB-IoT. Thus, as it is now, Format 2 will only be used on TDD UL/DL configuration #3:
· For TDD configuration #3 there is a natural fitting since Format 2 fits its content into 3 contiguous UL subframes, therefore there will always be a discontinuity in between the second and third symbols groups composing a preamble.
3.1.2.4 TDD NPRACH Format 0-a
· Format 0-a: Six symbol groups (P=6) compose one preamble repetition unit, where firstly three symbol groups are transmitted back-to-back (G=3) followed by a guard time fitting into 1 UL subframe, then (in principle after a discontinuity), the remaining three symbol groups are transmitted back-to-back (G=3) followed by a guard time fitting also into 1 UL subframe.
Analysis: For P=6=G+G, each “G” followed by a guard time fits into 1 UL subframe, thus as it happens with Format 0, Format 0-a can in principle be also used on all the TDD configurations supported by TDD NB-IoT, since the basic requirement of transmitting G symbol groups back-to-back is never broken or violated
3.1.2.5 TDD NPRACH Format 1-a

· Format 1: Six symbol groups (P=6) compose one preamble repetition unit, where firstly three symbol groups are transmitted back-to-back (G=3) followed by a guard time fitting into 2 UL subframes, then (in principle after a discontinuity), the remaining three symbol groups are transmitted back-to-back (G=3) followed by a guard time fitting also into 2 UL subframes.
Analysis: For P=4=G+G, each “G” followed by a guard time fits into 2 UL subframes, thus as it happens with Format 1, Format 1-a can in principle be also used on the TDD configuration counting with at least 2 UL adjacent subframes. For the case when there are 3 contiguous UL subframes, it will be needed to predetermine the starting subframe for TDD NB-IoT (see figure 4), otherwise the UL subframe not being part of a pair of UL subframes will result in violating/breaking the basic requirement of transmitting G symbol groups back-to-back (see figure 3).
Proposal 1: The TDD NPRACH Formats are utilized on the TDD UL/DL configurations as follows:
· NPRACH Format 0 and Format 0-a (which fit their contents into 1UL subframe) are used on all the LTE TDD configurations supported by TDD NB-IoT.
· NPRACH Format 1 and Format 1-a (which fit their contents into 2UL subframes) are used on the LTE TDD configurations #1, and #4. 
· If NPRACH Format 1 and Format 1-a are also used on the LTE TDD Configuration #3, then it needs to be predetermined that the starting subframe is the second subframe within the group of 3 contiguous UL subframes, which doesn’t requires adding any extra signalling. 
· NPRACH Format 2 (fits its contents into 3UL subframes) is used for the LTE TDD configuration #3.
Note: The TDD configurations #6 was not included above since it is still under a working assumption and might not be supported, especially if cross-carrier scheduling is not supported for TDD NB-IoT since it needs an available DL subcarrier to schedule UL transmissions.
3.1.3 Number of repetitions for the NPRACH formats

There is an FFS stating “the supported number of repetitions for each format”. The reason for having this FSS was mainly because in the view of one of the companies, the Formats 0 and 0-a (which fit their contents into 1UL subframe) may require using from the very beginning two repeats. This because for Format 0 and 0-a, each symbol group has only one symbol (i.e., N=1) due that the available resources are limited to 1UL subframe (recall these formats were mainly designed to address the cases where there are isolated UL subframes). However, the issue seems to be implementation dependent, and early in RAN1 #90bis it was agreed that at least two symbol groups (i.e., G≥2) at different subcarriers should be transmitted back-to-back to facilitate time-of-arrival estimation at eNBs, which eventually led to agree on supporting G=2 and G=3 for preamble repetition units composed by P=4 and P=6 symbol groups respectively. Thus, for TDD NPRACH, the same number of repeats as in FDD NPRACH should be used.
Proposal 2: The same number of repeats as in FDD are used on each of the TDD NPRACH formats.
3.1.4 Frequency Hopping Patterns
Table 4: Background on frequency hopping and related agreements from RAN1 #90bis
	NPRACH in FDD NB-IoT
	A deterministic tone hopping pattern acting on the symbol groups composing a preamble repetition unit is used by the base station to estimate the TA.

	NPRACH in TDD NB-IoT
	Agreements:

· 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



In FDD NB-IoT, a bandwidth of 45KHz is used to support up to 12 orthogonal NPRACH preambles being transmitted simultaneously. Moreover, the hopping pattern makes use of 3.75KHz (1 tone hopping) and 22.6KHz (6 tone hopping) hopping distances. In TDD NB-IoT, the NPRACH formats were designed to deal with discontinuities, and on top of that it was decided to include two variants for Format 0 and 1 (i.e., Format 0-a and 1-a) for addressing different cell sizes. The above impacts the frequency hopping design, since for Format 0, 1, and 2 a preamble repetition unit consists of four symbol groups (i.e., P=4), while for Format 0-a and 1-a a preamble repetition unit consists of six symbol groups. The subsections below analyze separately the frequency hopping design when P=4 and P=6 by using the baseline contained in the “Summary of remaining UL aspects for TDD NB-IoT” produced at RAN1 #92 [8].
3.1.4.1 Frequency hopping for G=2, P=4 (Format 0, 1, and 2)
The frequency hopping pattern described below has been considered to be applied when G=2 and P=4, and it would be used by Format 0, 1, and 2.
Table 5: Baseline from “Summary of remaining UL aspects for TDD NB-IoT” on the Frequency hopping for G=2, P=4 (Format 0, 1, and 2), and the repetition number = 1.
	· For G=2, P=4  (format 0, 1, 2) 

· when the repetition number =1

Tone index of the first symbol group in the preamble repetition unit is chosen to be randomly within the configured 12 tones. The initial tone index to hopping pattern mapping is

Index of the tone used by the first symbol group
Deterministic hopping patterns within a repetition unit
0, 2, 4
{+3.75kHz, 0, +22.5kHz}
1, 3, 5
{-3.75kHz, 0, +22.5kHz }
6, 8, 10
{+3.75kHz, 0,  -22.5kHz }
7, 9, 11
{-3.75kHz, 0, -22.5kHz }
Table 2
FFS : If extra random hopping is needed between the two back-to-back symbol groups in one preamble repetition (i.e, ‘0’ in the above table 2,4,5  be replaced by “random”)


Analysis: For understanding how the frequency hopping for G=2 and P =4 works, we have focused (i.e., as an example) on the first row of the above table when the starting index is 0, in that case the first symbol group (i.e., SG0) starts at the lower end of the 45 kHz bandwidth, the second symbol group (i.e., SG1) moves one tone up (i.e., 3.75 kHz above the previous symbol group), the third symbol group (i.e., SG2) which may experience a discontinuity remains in the first tone index (i.e., no hop with respect to the previous symbol group), and finally the last symbol group (i.e., SG3) composing the NPRACH preamble repetition unit moves up to the seventh tone index (i.e., six tones up with respect to the previous symbol group). That is how the frequency hopping pattern works when the repetition equals 1, which may in principle be used without any restriction for additional repetitions, however there is a risk of ending up continuing hopping upwards or downwards during several preamble repetitions units in a row which leads to phases errors. For that reason and aiming at cancelling phase errors, when the repetition number is >=2 a conditional frequency hopping has been considered which is illustrated in the Table below.
Table 5a: Baseline from “Summary of remaining UL aspects for TDD NB-IoT” on the Frequency hopping for G=2, P=4 (Format 0, 1, and 2), and the repetition number >= 2.
	· when repetition number >=2 

The initial tone index to hopping pattern mapping follows table 2.

The tone index of the symbol group of the odd preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.

Aiming at cancelling phase errors, for an odd preamble that has been transmitted with a given tone index for its first symbol group, the candidate tone index for the first symbol group 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 first symbol group

Candidate Indexes for the tone to be used by the first symbol group

0, 2, 4

7, 9, 11

1, 3, 5

6, 8, 10 
6, 8, 10

1, 3, 5

7, 9, 11

0, 2, 4 
Table 3


Analysis: For understanding how the conditional hopping works, we continue with the example used in the previous analysis. Following table above, once a preamble repetition unit was transmitted using 0 as tone index of its first symbol group, the next preamble repetition unit shall use either 7, 9, or 11 as tone index for its first symbol group. This way, the “hopping distances” will cancel out each other leading to no phase errors derived from hopping pattern design itself.

There is an FSS stating “If extra random hopping is needed between the two back-to-back symbol groups in one preamble repetition …”. Since the conditional hopping limits the random choices for selecting the tone index for the first symbol group of the even preamble (i.e., there are only three candidate tone indexes for the even preamble), then it seems beneficial adding a random “hopping distance” for SG2. Nonetheless, replacing “0” by a random “hopping distance” will have an impact on the conditional hopping even if the “odd” and “even preamble repetition units use an opposite sign for the hopping distance associated to SG2. 
Moreover, at first glance it can be thought that for the random “hopping distance” a simple modulo 5 operation could be used for not exceeding the upper limit which is the tone index #11. However, this will not work for all the starting tone indexes. Hence, something a bit more elaborated will be needed, such as the solution below:

•
For even indexes of the tone used by the first symbol group, the “random hopping distance” associated to SG2 is X = mod(
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•
For odd indexes of the tone used by the first symbol group, the “random hopping distance” associated to SG2 is X = mod(
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The above will solve the problem of not going beyond the maximum tone index which is 11 for all possible tone indexes of the first symbol group of a preamble repetition unit
Observation 4: Frequency hopping for G=2, P=4 (Format 0, 1, and 2). On the FFS stating “If extra random hopping is needed between the two back-to-back symbol groups in one preamble repetition …”. Since the conditional hopping limits the random choices for selecting the tone index for the first symbol group of the even preamble (i.e., there are only three candidate tone indexes for the even preamble), then it seems beneficial adding a random “hopping distance” for SG2. Nonetheless, replacing “0” by a random “hopping distance” will have an impact on the conditional hopping. 
3.1.4.2 Frequency hopping for G=3, P=6 (Format 0-a and 1-a)

The frequency hopping patterns described below have been considered to be applied when G=3 and P=6, and would be used by Format 0-a and 1-a. One thing to highlight is that no conditional hopping is required in this case, since there are enough symbol groups composing one preamble repetition unit (i.e., P=6) as to cancel the “hopping distances” within a preamble repetition unit.  The two alternatives under consideration are described below:
Table 6: Baseline from “Summary of remaining UL aspects for TDD NB-IoT” on the Frequency hopping for G=3, P=6 (Format 0-a, and 1-a) – Alternative 1
	· For G=3, P=6 (format 0-a, format 1-a)

Alt 1:

Tone index of the first symbol group in the 1st preamble repetition unit is chosen to be randomly within the configured 12 tones. 

The hopping pattern for subsequent preamble repetition units is as follows: the tone index of the symbol group of the preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.

Index of the tone used by the first symbol group
Deterministic hopping patterns within a repetition unit
0, 2, 4
{+3.75kHz, -3.75kHz, 0, +22.5kHz, -22.5kHz }

1, 3, 5
{-3.75kHz, +3.75kHz, 0, +22.5kHz, -22.5kHz }
6, 8, 10
{+3.75kHz, -3.75kHz, 0, -22.5kHz, +22.5kHz }
7, 9, 11
{-3.75kHz, +3.75kHz, 0, -22.5kHz, +22.5kHz }



Analysis: For understanding how the frequency hopping for G=3 and P =6 works in case of Alternative 1, yet again we have focused (i.e., as an example) on the first row of the above table when the starting index is 0, in this case the first symbol group (i.e., SG0) starts at the lower end of 45 kHz bandwidth, the second symbol group (i.e., SG1) moves one tone up (i.e., 3.75 kHz above the previous symbol group), the third symbol group (i.e., SG2) moves one tone down back to the tone index 0, the fourth symbol group (i.e., SG3) which may experience a discontinuity remains in the tone index 0 (i.e., no hop with respect to the previous symbol group), the fifth symbol group (i.e., SG4) moves up to the tone index number six (i.e., six tones up with respect to the previous index), and finally the last symbol group (SG5) composing the NPRACH preamble repetition unit moves down to the zeroth tone index (i.e., six tones down with respect to the previous symbol group). Since the cancellation was performed within a preamble repetition unit, the next preamble repetition unit can start at any tone index since it doesn’t have any hop pending to be cancelled. Alternative 1 has as characteristic that same hopping distances get cancelled within a pair of symbol groups transmitted back-to-back (i.e., G).
Table 6a: Baseline from “Summary of remaining UL aspects for TDD NB-IoT” on the Frequency hopping for G=3, P=6 (Format 0-a, and 1-a) – Alternative 2
	Alt 2:

Tone index of the first symbol group in the 1st preamble repetition unit is chosen to be randomly within the configured 12 tones. 

The hopping pattern for subsequent preamble repetition units is as follows, the tone index of the symbol group of the preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.

Index of the tone used by the first symbol group
Deterministic 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 }
Table 5

FFS : If extra random hopping is needed between the two back-to-back symbol groups in one preamble repetition (i.e, ‘0’ in the above table 2,4,5  to be replaced by “random”)

FFS: For NPRACH performance of all five formats, consider the impact of non-continuous phase in UL transmission


Analysis: For understanding how the frequency hopping for G=3 and P =6 works in case of Alternative 2, one more time we have focused (i.e., as an example) on the first row of the above table when the starting index is 0, in this case the first symbol group (i.e., SG0) starts at the lower end of 45 kHz bandwidth, the second symbol group (i.e., SG1) moves one tone up (i.e., 3.75 kHz above the previous symbol group), the third symbol group (i.e., SG2) moves up to the seventh tone (i.e., 22.5 kHz above the previous symbol group), the fourth symbol group (i.e., SG3) which may experience a discontinuity remains in the tone index seven (i.e., no hop with respect to the previous symbol group), the fifth symbol group (i.e., SG4) moves down to the tone index number six (i.e., one tone down with respect to the previous index), and finally the last symbol group (SG5) composing the NPRACH preamble repetition unit moves down to the zeroth tone index (i.e., six tones down with respect to the previous symbol group). Yet again, since the cancellation was performed within a preamble repetition unit, the next preamble repetition unit can start at any tone index since it doesn’t have any hop pending to be cancelled. Alternative 2 has as characteristic that the hopping distances have to wait to be cancelled until the second set of symbol groups transmitted back-to-back have been received by the eNodeB. 
Observation 5: Frequency hopping for G=3, P=6 (Format 0-a, and 1-a). On the FFS stating “If extra random hopping is needed between the two back-to-back symbol groups in one preamble repetition …”. Replacing “0” by a random “hopping distance” will introduce a residual hopping, which couldn’t be cancelled unless “conditional hopping” were introduced for G=3, P=6, which is completely unnecessary since the advantage of both Alt1 and Alt2 is that the phase errors can be cancelled within a preamble repetition unit.
Proposal 3: The frequency hopping patterns for TDD NPRACH are as follows:
· Frequency hopping for G=2, P=4 (Format 0, 1, and 2)
· when the repetition number =1

Tone index of the first symbol group in the preamble repetition unit is chosen to be random within the configured 12 tones. The initial tone index to hopping pattern mapping is

	Index of the tone used by the first symbol group
	Deterministic hopping patterns within a repetition unit

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

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

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

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


	Where X is a random hopping distance, which is obtained from:

•
For even indexes of the tone used by the first symbol group, the “random hopping distance” associated to SG2 is X = mod(
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•
For odd indexes of the tone used by the first symbol group, the “random hopping distance” associated to SG2 is X = mod(
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· when repetition number >=2 

The initial tone index to hopping pattern mapping follows the table above.

The tone index of the symbol group of the odd preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.

Aiming at cancelling phase errors, for an odd preamble that has been transmitted with a given tone index for its first symbol group, the candidate tone index for the first symbol group 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 first symbol group
	Candidate Indexes for the tone to be used by the first symbol group

	0, 2, 4
	7, 9, 11

	1, 3, 5
	6, 8, 10 

	6, 8, 10
	1, 3, 5

	7, 9, 11
	0, 2, 4 


· Frequency hopping for G=3, P=6 (Format 0-a, and 1-a)
Perform a Down-selection between Alt1 and Alt2 described in the “Summary of remaining UL aspects for TDD NB-IoT” of RAN1 #92.

3.2 NPUSCH support into NB-IoT

The NPUSCH is used to carry uplink user data and control information from higher layers (format 1). In addition, it can carry HARQ acknowledgement for NPDSCH (format 2).

3.2.1 Single-tone NPUSCH transmissions using 15KHz subcarrier spacing
In RAN1 #90bis it was agreed that “NPUSCH transmissions with 15 kHz subcarrier spacing are supported in all supported UL/DL configurations for NB-IoT TDD.” Recently, in RAN1 #91 the following agreement was reached for NPUSCH with a 15 KHz subcarrier spacing in TDD NB-IoT.

“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).”

Note: The brackets surrounding the TDD configuration #6 mean that it is not certain if it will be supported for TDD NB-IoT or not since it is currently under Working Assumption [4].

According with the above agreement, the number of subcarriers and resource unit (RU) lengths for all the supported TDD configuration in TDD NB-IoT other than the TDD configuration #3 and [#6] will be inherited from the existing ones in FDD NB-IoT. The reason for having an FSS on the “number of supported subcarriers, and RU lengths for TDD configuration #3 and [#6]” was related with the proposal of introducing a subcarrier allocation consisting of 4 subframes with a RU length lasting for 3ms, which would be used to fit better into the three contiguous UL subframes present in both the TDD configurations #3 and [#6].

The applicability/use-cases of supporting a subcarrier allocation consisting of 4 subframes with a RU length lasting for 3ms would be the TDD configuration #3 and [#6] only, which makes questionable whether the impacts on the specifications and test cases would be justified. Moreover, as shown in Table 7, the existing subcarrier allocations (e.g, 6 and 12 subcarriers having RU lengths of 2ms and 1ms respectively) can be used to fulfill the goal intended to be covered by a subcarrier allocation consisting of 4 subframes with a RU length equal to 3ms without causing any further impacts (Recall the WID says that Rel-13 should be used as baseline).
TDD Configuration #3

Table 7: NPRACH and NPUSCH co-existence over TDD configuration #3 with legacy subcarrier allocations (i.e., 3, and 6 subcarriers)
	
	Frame #0
	Frame #1
	…

	TDD configuration #
	0
	1
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	3
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	6
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	8
	9
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	12 subcarriers (180KHz) over 1 ms

	
	
	6 subcarriers (90KHz) over 2 ms


Observation 6: The applicability/use-cases of supporting a subcarrier allocation consisting of 4 subframes with a RU length lasting for 3ms would be the TDD configuration #3 and [#6] only, which makes questionable whether the impacts on the specifications and test cases would be justified. Moreover, the existing subcarrier allocations (e.g., 6 and 12 subcarriers having RU lengths of 2ms and 1ms respectively) can be used to fulfil the goal intended to be covered by a subcarrier allocation consisting of 4 subframes with a RU length equal to 3ms without causing any further impacts (Recall the WID says that Rel-13 should be used as baseline).
Proposal 4: For the NPUSCH transmissions with 15 kHz subcarrier spacing, the TDD configuration #3 and [#6] only support Multi-tone (3, 6, 12 subcarriers with RU lengths 4ms, 2ms, 1ms) and single tone (with RU length 8ms) as in FDD NB-IoT. The RU length for NPRACH Format 2 is the same as in FDD (i.e., 2ms).
3.2.2 Single-tone NPUSCH transmissions using 3.75KHz subcarrier spacing
On the hand, a subcarrier spacing of 3.75KHz can be used in NPUSCH for performing single-tone transmissions. However, as depicted in Figure 6 a truncation can occur in TDD when there are no 2 UL adjacent subframes since for such a subcarrier spacing the slot duration lasts for 2ms. 
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Figure 6: Slot duration associated with a subcarrier spacing equal to 3.75KHz.

As can be inferred from Figure 6, for a single-tone allocation having a subcarrier spacing of 3.75KHz, the resource mapping is required to be performed (i.e., in a mandatory way) over pairs of UL adjacent subframes. Otherwise, the symbol having the index #3 (i.e., the fourth one among the seven OFDM symbols composing the slot) would be truncated. Therefore, for avoiding undesired truncations, the gaps shall only occur among pairs of UL adjacent subframes. This restriction makes e.g., unfeasible the usage of the TDD configuration #2 along with single-tone allocations using 3.75KHz as subcarrier spacing. That was the reason why in RAN1 #90bis, it was agreed that “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”.
As can be inferred from the above agreement, the brackets surrounding the #3 have let open the possibility of using NPUSCH single-tone transmission with 3.75KHz subcarrier spacing over the TDD configuration #3. In our view, it would preferable to support the single-tone NPUSCH transmissions with 3.75KHz subcarrier spacing only over TDD configurations counting with the exact number of UL subframes needed to host a slot duration 2ms, that is TDD configuration #1 and #4. If the single-tone NPUSCH transmissions with 3.75KHz subcarrier spacing were supported for the TDD configuration #3, then the following statement shall be included:

· For TDD configuration #3 which counts with three adjacent subframes, the 2ms slot is mapped over two out of three adjacent subframes in order to avoid slot truncations.
Not including the above statement if the TDD configuration #3 is supported, will result in incurring in the slot truncation issue that was avoided by the agreement on supporting single-tone NPUSCH with 3.75KHz only for TDD configurations #1 and #4.

Proposal 5: If NPUSCH in TDD with 3.75KHz subcarrier spacing is supported for the TDD configuration #3, the following statement shall be included to avoid slot truncations: “For TDD configuration #3 which counts with three adjacent subframes, the 2ms slot is mapped over two out of three adjacent subframes in order to avoid slot truncations”. 
3.2.3 Single-tone NPUSCH transmissions using a subcarrier spacing other than 15KHz and 3.75KHz

NPUSCH with 15KHz subcarrier spacing (with 0.5ms slot duration) has been agreed to be supported for all the TDD configurations. On the other hand, the NPUSCH with 3.75KHz subcarrier spacing has been agreed to be supported by the TDD configurations #1, #4, and potential #3, since those are the TDD configurations where the slot of 2ms can be hosted/mapped.

On top of the above two subcarrier spacings that will be supported for NPUSCH in TDD NB-IoT, there is a FFS on whether another subcarrier spacing for NPUSCH should be supported or not. The following was captured in the Chairman’s notes:

· 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.
The motivation for having yet another subcarrier spacing value for NPUSCH has to do with the TDD configuration #2, since it was argued that even when such a TDD configuration can be covered by single-tone NPUSCH with 15KHz subcarrier spacing there would be a loss of capacity with respect to a single-tone NPUSCH using a subcarrier spacing of 3.75KHz. Therefore, the proponent asked for the possibility of having some other subcarrier spacing for NPUSCH.

In terms of capacity, the subcarrier spacing of 15KHz which is usable with the TDD configuration #2 allows having up to 12 single-tone NPUSCH transmissions at the same time. Finding 12 simultaneous candidates for performing single-tone transmissions might not be easy to find, as mentioned by other companies in [10], “With respect to single- subcarrier allocation, it is expected that single-tone allocation would provide increased capacity as the system would use less resources to serve coverage-limited UEs. However, the gain may not be very significant as the number of UEs that can benefit from using single-subcarrier compared to 3-subcarrier is not expected to be large”. That is, the capacity offered by NPUSCH with subcarrier spacing of 15KHz seem to be sufficient to deal with single-tone allocations on the TDD configuration #2, hence it doesn’t seem to be a real need for having three subcarrier spacings for NPUSCH in TDD NB-IoT.

Proposal 6: NPUSCH in TDD NB-IoT only supports subcarrier spacings of 15KHz (on all TDD configurations) and 3.75KHz (on TDD configurations #1, [#3], and #4).

3.3 UL-to-DL misalignment

As described in [10], in LTE uplink there is no DC subcarrier. This results in a half-tone shift (i.e. 7.5 kHz) between DL and UL carrier grids as illustrated in Figure 7. 
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Figure 7: half-tone shift (i.e. 7.5 kHz) between DL and UL carrier grids in LTE.
Here we use an example where the middle LTE PRB contains the DC subcarrier in addition to the 12 usable subcarriers. This corresponds to LTE bandwidth of 3, 5, and 15 MHz. It can be seen that in this case, there is a half-tone shift between the DL and UL PRB centers. The shift of UL PRB center, relative to the DL PRB center is -7.5 kHz for PRBs above the DC subcarrier, and 7.5 kHz for the PRBs lower than the DC subcarrier.
The misalignment above can be corrected without having to introduce any signaling, if a NB-IoT TDD device can determine the DL-to-UL frequency shift from the raster offset information provided in MIB-NB. That is:
· For LTE carrier bandwidth of 10 or 20 MHz, the raster offset is -2.5 kHz if the NB-IoT anchor is above the DC subcarrier, and 2.5 kHz if the NB-IoT anchor is below the DC subcarrier. 
· For LTE carrier bandwidth of 3, 5, and 15 MHz, the raster offset is 7.5 kHz if the NB-IoT anchor is above the DC subcarrier, and -7.5 kHz if the NB-IoT anchor is below the DC subcarrier. 
Based on the above knowledge, if the device from MIB-NB learns that the raster offset is 2.5 kHz or -7.5 kHz, it can infer that the NB-IoT PRB is below the DC subcarrier. And in this case it should shift the DL PRB center up by 7.5 kHz to obtain the PRB center for the uplink transmissions. Or if the device from MIB-NB learns that the raster offset is -2.5 kHz or 7.5 kHz, it can infer that the NB-IoT PRB is above the DC subcarrier. And in this case it should shift the DL PRB center down by 7.5 kHz to obtain the PRB center for the uplink transmissions. The above is applicable for in-band, and guard-band modes, while for stand-alone a 0 KHz offset can be specified.
Moreover, it is possible to migrate an LTE band to NR, while keeping NB-IoT inside an NR carrier. However, one difference between NR and LTE is that NR does not have the DC subcarrier. This means that the half-tone shift between DL and UL in the LTE case does not occur in the NR case. Thus, no there is not misalignment to be compensated.
Proposal 7: The half-tone shift (i.e. 7.5 kHz) between DL and UL carrier grids in LTE can be corrected as follows without having to introduce additional signalling:
· When device derives from MIB-NB that the raster offset is 2.5 kHz or -7.5 kHz, it can infer that the NB-IoT PRB is below the DC subcarrier. In this case it should shift the DL PRB center up by 7.5 kHz to obtain the PRB center for the uplink transmissions. 
· When device derives from MIB-NB that the raster offset is -2.5 kHz or 7.5 kHz, it can infer that the NB-IoT PRB is above the DC subcarrier. In this case it should shift the DL PRB center down by 7.5 kHz to obtain the PRB center for the uplink transmissions. 
· The above is applicable for in-band, and guard-band modes, while for stand-alone a 0 Hz DL-UL offset can be specified.
· When a NB-IoT carrier is deployed inside an NR carrier 1 bit signalling is used to indicate it, which implies that in that case a 0 Hz DL-UL offset is applied (recall that NR does not have the DC subcarrier, so there is not offset that needs to be compensated).

4 Conclusions 

Based on the agreements in RAN1 #90bis, #91 and more recently in RAN1 #92, this contribution continued with the analysis on the support of NPRACH and NPUSCH in TDD. From performed investigation the following observations and proposals have been made:
· For NPRACH into TDD:

· Observation 1: Format 0 (where G symbol groups followed by a guard time fit into 1 UL subframe) was in principle designed to address the LTE TDD configurations #2, and #5 which have isolated UL subframes. Moreover, given that the Format 0 fits its contents into 1 UL subframe, it might be possible to use it on all the supported TDD UL/DL configurations aiming at offering more flexibility:
· For TDD configuration #2 and #5 there will always be a discontinuity in between the second and third symbols groups composing a preamble.
· For TDD configuration #1 and #4 there won’t be any discontinuity in between the second and third symbols groups composing a preamble.

· For TDD configuration #3 and #6, the discontinuity in between the second and third symbols groups composing a preamble will not always occur.

Note: It is in principle possible using the Format 0 on all the TDD configurations supported by TDD NB-IoT, since the basic requirement of transmitting G symbol groups back-to-back is never broken or violated.
· Observation 2: Format 1 (where G symbol groups followed by a guard time fit into 2 UL subframes) was in principle designed to address the LTE TDD configurations #1, #4, and [#6] which count with exact 2 UL contiguous subframes (in the case of the TDD configuration #6, there are 2 contiguous UL subframes only in the second half of the radio frame). Moreover, aiming at extending its utilization, if Format 1 were used on TDD UL/DL configurations counting with at least 2 UL subframes, then:
· For TDD configuration #1 and #4 there is a natural fitting since Format 1 fits its content into 2 UL subframes, therefore there will always be a discontinuity in between the second and third symbols groups composing a preamble.

· For TDD configuration #3, it needs to be predetermined that the starting subframe is the second subframe within the group of 3 contiguous UL subframes (which doesn’t requires adding any extra signalling). Otherwise the UL subframe not being part of a pair of UL subframes will result in violating the basic requirement of transmitting G symbol groups back-to-back. Once, the starting subframe has been predetermined then there will always be a discontinuity in between the second and third symbols groups composing a preamble.

Note: The TDD configurations #6 also has 3 contiguous UL subframes. However, it is under a working assumption and might not be supported, especially if cross-carrier scheduling is not supported for TDD NB-IoT since it needs an available DL subcarrier to schedule UL transmissions. For this reason, extending the usability of the NPRACH format 1 will only be applicable for the TDD configuration #3.

· Observation 3: Format 2 (where G symbol groups followed by a guard time fit into 3 UL subframes) was in principle designed to address the LTE TDD configurations #3, and [#6] which count with exact 3 UL contiguous subframes (in the case of the TDD configuration #6, there are 3 contiguous UL subframes only in the first half of the radio frame). The TDD configuration #6 is under a Working Assumption and most likely won’t be part of TDD NB-IoT since its support seems to be highly dependent on reaching an agreement on cross-carrier scheduling for TDD NB-IoT. Thus, as it is now, Format 2 will only be used on TDD UL/DL configuration #3:

· For TDD configuration #3 there is a natural fitting since Format 2 fits its content into 3 contiguous UL subframes, therefore there will always be a discontinuity in between the second and third symbols groups composing a preamble.

Proposal 1: The TDD NPRACH Formats are utilized on the TDD UL/DL configurations as follows:
· NPRACH Format 0 and Format 0-a (which fit their contents into 1UL subframe) are used on all the LTE TDD configurations supported by TDD NB-IoT.
· NPRACH Format 1 and Format 1-a (which fit their contents into 2UL subframes) are used on the LTE TDD configurations #1, and #4. 
· If NPRACH Format 1 and Format 1-a are also used on the LTE TDD Configuration #3, then it needs to be predetermined that the starting subframe is the second subframe within the group of 3 contiguous UL subframes, which doesn’t requires adding any extra signalling. 
· NPRACH Format 2 (fits its contents into 3UL subframes) is used for the LTE TDD configuration #3.
Note: The TDD configurations #6 was not included above since it is still under a working assumption and might not be supported, especially if cross-carrier scheduling is not supported for TDD NB-IoT since it needs an available DL subcarrier to schedule UL transmissions.
Proposal 2: The same number of repeats as in FDD are used on each of the TDD NPRACH formats.
· Observation 4: Frequency hopping for G=2, P=4 (Format 0, 1, and 2). On the FFS stating “If extra random hopping is needed between the two back-to-back symbol groups in one preamble repetition …”. Since the conditional hopping limits the random choices for selecting the tone index for the first symbol group of the even preamble (i.e., there are only three candidate tone indexes for the even preamble), then it seems beneficial adding a random “hopping distance” for SG2. Nonetheless, replacing “0” by a random “hopping distance” will have an impact on the conditional hopping.

· Observation 5: Frequency hopping for G=3, P=6 (Format 0-a, and 1-a). On the FFS stating “If extra random hopping is needed between the two back-to-back symbol groups in one preamble repetition …”. Replacing “0” by a random “hopping distance” will introduce a residual hopping, which couldn’t be cancelled unless “conditional hopping” were introduced for G=3, P=6, which is completely unnecessary since the advantage of both Alt1 and Alt2 is that the phase errors can be cancelled within a preamble repetition unit.
· Proposal 3: The frequency hopping patterns for TDD NPRACH are as follows:

· Frequency hopping for G=2, P=4 (Format 0, 1, and 2)
· when the repetition number =1

Tone index of the first symbol group in the preamble repetition unit is chosen to be random within the configured 12 tones. The initial tone index to hopping pattern mapping is

	Index of the tone used by the first symbol group
	Deterministic hopping patterns within a repetition unit

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

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

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

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


	Where X is a random hopping distance, which is obtained from:

•
For even indexes of the tone used by the first symbol group, the “random hopping distance” associated to SG2 is X = mod(
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•
For odd indexes of the tone used by the first symbol group, the “random hopping distance” associated to SG2 is X = mod(
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· when repetition number >=2 

The initial tone index to hopping pattern mapping follows the table above.

The tone index of the symbol group of the odd preamble repetition unit is chosen by SFN and cell specific pseudo-random sequence.

Aiming at cancelling phase errors, for an odd preamble that has been transmitted with a given tone index for its first symbol group, the candidate tone index for the first symbol group 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 first symbol group
	Candidate Indexes for the tone to be used by the first symbol group

	0, 2, 4
	7, 9, 11

	1, 3, 5
	6, 8, 10 

	6, 8, 10
	1, 3, 5

	7, 9, 11
	0, 2, 4 


· Frequency hopping for G=3, P=6 (Format 0-a, and 1-a)
Perform a Down-selection between Alt1 and Alt2 described in the “Summary of remaining UL aspects for TDD NB-IoT” of RAN1 #92.

· For NPUSCH into TDD:

NPUSCH with 15KHz subcarrier spacing

· Observation 6: The applicability/use-cases of supporting a subcarrier allocation consisting of 4 subframes with a RU length lasting for 3ms would be the TDD configuration #3 and [#6] only, which makes questionable whether the impacts on the specifications and test cases would be justified. Moreover, the existing subcarrier allocations (e.g., 6 and 12 subcarriers having RU lengths of 2ms and 1ms respectively) can be used to fulfil the goal intended to be covered by a subcarrier allocation consisting of 4 subframes with a RU length equal to 3ms without causing any further impacts (Recall the WID says that Rel-13 should be used as baseline).
· Proposal 4: For the NPUSCH transmissions with 15 kHz subcarrier spacing, the TDD configuration #3 and [#6] only support Multi-tone (3, 6, 12 subcarriers with RU lengths 4ms, 2ms, 1ms) and single tone (with RU length 8ms) as in FDD NB-IoT. The RU length for NPRACH Format 2 is the same as in FDD (i.e., 2ms).

NPUSCH with 3.75KHz subcarrier spacing
· Proposal 5: If NPUSCH in TDD with 3.75KHz subcarrier spacing is supported for the TDD configuration #3, the following statement shall be included to avoid slot truncations: “For TDD configuration #3 which counts with three adjacent subframes, the 2ms slot is mapped over two out of three adjacent subframes in order to avoid slot truncations”.

NPUSCH with a subcarrier spacing other than 15KHz and 3.75KHz

· Proposal 6: NPUSCH in TDD NB-IoT only supports subcarrier spacings of 15KHz (on all TDD configurations) and 3.75KHz (on TDD configurations #1, [#3], and #4).
· For UL-to-DL misalignment:

· Proposal 7: The half-tone shift (i.e. 7.5 kHz) between DL and UL carrier grids in LTE can be corrected as follows without having to introduce additional signalling:
•
When device derives from MIB-NB that the raster offset is 2.5 kHz or -7.5 kHz, it can infer that the NB-IoT PRB is below the DC subcarrier. In this case it should shift the DL PRB center up by 7.5 kHz to obtain the PRB center for the uplink transmissions. 

•
When device derives from MIB-NB that the raster offset is -2.5 kHz or 7.5 kHz, it can infer that the NB-IoT PRB is above the DC subcarrier. In this case it should shift the DL PRB center down by 7.5 kHz to obtain the PRB center for the uplink transmissions. 
· The above is applicable for in-band, and guard-band modes, while for stand-alone a 0 Hz DL-UL offset can be specified.
· When a NB-IoT carrier is deployed inside an NR carrier 1 bit signalling is used to indicate it, which implies that in that case a 0 Hz DL-UL offset is applied (recall that NR does not have the DC subcarrier, so there is not offset that needs to be compensated).
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Annex 1
Tables A1 to A6 show examples on how the legacy subcarrier allocations can be used over all the LTE TDD configurations for not having un-used resources when there are simultaneous NPUSCH and NPRACH transmissions.

TDD Configuration #1

Table A1: NPRACH and NPUSCH co-existence over TDD configuration #1 with legacy subcarrier allocations (i.e., 3, and 6 subcarriers)
	
	Frame #0
	

	TDD configuration #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	

	1
	D
	S
	1st
	2nd
	D
	D
	S
	3rd
	4th
	D
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


	
	Format 1: NPRACH preamble repetition unit (45KHz) consists of 4 symbol groups

	
	
	6 subcarriers (90KHz) over 2 ms

	
	3 subcarriers (45KHz) over 4 ms


TDD Configuration #2

Table A2: NPRACH and NPUSCH co-existence over TDD configuration #2 with legacy subcarrier allocations (i.e., 3, and 6 subcarriers)
	
	Frame #0
	

	TDD configuration #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	

	2
	D
	S
	1 2
	D
	D
	D
	S
	3 4
	D
	D
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	Format 0: NPRACH preamble repetition unit (45KHz) consists of 4 symbol groups

	
	6 subcarriers (90KHz) over 2 ms

	
	3 subcarriers (45KHz) over 4 ms


TDD Configuration #3
Table A3: NPRACH and NPUSCH co-existence over TDD configuration #3 with legacy subcarrier allocations (i.e., 3, and 6 subcarriers)
	
	Frame #0
	Frame #1
	…

	TDD configuration #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	

	3
	D
	S
	1st
	2nd
	D
	D
	D
	D
	D
	D
	S
	3rd
	4th
	D
	D
	D
	D
	D
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	Format 2: NPRACH preamble repetition unit (45KHz) consists of 4 symbol groups

	
	
	
	
	3 subcarriers (45KHz) over 4 ms

	
	6 subcarriers (90KHz) over 2 ms


TDD Configuration #4
Table A4: NPRACH and NPUSCH co-existence over TDD configuration #4 with legacy subcarrier allocations (i.e., 3, and 6 subcarriers)
	
	Frame #0
	Frame #1

	TDD configuration #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	4
	D
	S
	1st
	2nd
	D
	D
	D
	D
	D
	D
	D
	S
	3rd
	4th
	D
	D
	D
	D
	D
	D

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	Format 1: NPRACH preamble repetition unit (45KHz) consists of 4 symbol groups

	
	
	6 subcarriers (90KHz) over 2 ms

	
	3 subcarriers (45KHz) over 4 ms


TDD Configuration #5
Table A5: NPRACH and NPUSCH co-existence over TDD configuration #5 with legacy subcarrier allocations (i.e., 3, and 6 subcarriers)
	
	Frame #0
	Frame #1

	TDD configuration #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	5
	D
	S
	1 2
	D
	D
	D
	D
	D
	D
	D
	D
	S
	3 4
	D
	D
	D
	D
	D
	D
	D

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	Format 0: NPRACH preamble repetition unit (45KHz) consists of 4 symbol groups

	
	6 subcarriers (90KHz) over 2 ms

	
	3 subcarriers (45KHz) over 4 ms


TDD Configuration #6
Table A6: NPRACH and NPUSCH co-existence over TDD configuration #6 with legacy subcarrier allocations (i.e., 3, and 6 subcarriers)
	
	Frame #0
	

	TDD configuration #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	

	6
	D
	S
	1st
	2nd
	D
	S
	3rd
	4th
	D
	…

…
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	Format 2: NPRACH preamble repetition unit (45KHz) consists of 4 symbol groups

	
	
	
	
	3 subcarriers (45KHz) over 4 ms

	
	6 subcarriers (90KHz) over 2 ms
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