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Introduction
In RAN1 NB-IoT adhoc meeting [1], the following PUSCH resource unit design was agreed for NB-IoT.
Agreement:
· One resource unit schedulable in PUSCH transmission for the data consist of fixed [X] msec at least for FDD
· X(115kHz) is 8 for 15 kHz case with single tone transmission
· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission
· In case of multiple tones is allocated for one UE, X{m} is smaller than X(115kHz)
· In case of 12 tones is allocated for one UE, X{12} is 1
Agreement:
· UL multi-tone transmission for the data with 12 tone is supported
· UL multi-tone transmission for the data also supports followings of number of multiple
· {3} with 4 msec resource unit size
· {6} with 2 msec resource unit size
Agreement:
· Allow one TB scheduled over more than one resource units in time
This contribution discusses further details on NB-PUSCH resource mapping.
Discussion
Data mapping
As the turbo encoder itself is not complex compared with turbo decoder, we propose to use turbo coding in NB-PUSCH. 
The reality of TB size varies protocol designs and services. Some IoT type service may require relatively large data and some service may require small data. So the system needs to provide generic TB size with certain granularity [2]. Scheduling one TB over more than one resource units in time is agreed and it is more efficient from the coding gain perspective until coding rate is up to around 1/3 [3]. Therefore, it is preferable to allow varying the number of resource units schedulable for one TB even if the coding rate/repetition factor is same. We define the number of resource units schedulable for one TB is the “reference resource unit size” in this paper. The reference resource unit size is the number of resource units corresponding to the TB size with coding rate roughly 1/3. Turbo encoding and rate-matching processes generate the bits corresponding to the reference resource unit size. To apply reference resource unit is applicable to both single-tone and multi-tone transmission. It is beneficial for the transmission of systematic bits and parity bits equally compared with RV cycling, where systematic bit is prioritized in the current algorithm. The reference resource unit size could be explicitly indicated on DCI or implicitly indicated corresponding to TB size.
Proposal 1: Turbo coding is used for the PUSCH.
Proposal 2: Reference resource unit size corresponding to the TB size with coding rate roughly 1/3 should be taken into account for both single-tone and multi-tone transmission.

In order to achieve coverage improvement, coding rate lower than 1/3 or repetition is required function. For realizing the coding rate lower than 1/3 or repetition, there are following options.
· Option 1: 1 step approach. Turbo coding and rate matching processes directly generate the required number of bits. If reference resource unit size is defined in this option, the reference resource unit size scales according to the coding rate or total number of resource units to be used.
· Option 2: 2 step approach. Turbo coding and rate matching processes generate the bits corresponding the reference resource unit size, which scales according to TB size and would be the order of up to 1/3 coding rate. Then, additional repetition process is applied by repeating the output bits corresponding to the reference resource unit.
Based on our evaluation in [3], above two options provides almost the same performance. However, we propose to take Option 2 as Option 2 (repeating the reference resource unit) has several merits for frequency offset estimation, symbol level combining implementation, and application of CDM. Our understanding is current rate-matching algorithm supports only up to coding rate 1/3. Therefore, to have the rate-matching up to 1/3 only can minimize the modification of rate-matching algorithm.
Proposal 3: Turbo coding and rate matching processes generate the bits corresponding the reference resource unit size, which scales according to TB size and would be the order of up to 1/3 coding rate. Further lower coding rate is realized by the repetition of the output bits corresponding to the reference resource units.

Repetition
The repetition of the reference resource unit is realized by following three options. Fig 1 shows the case of R repetitions.
· Option 2-1: Reference resource unit level (the length corresponding to up to 1/3 coding rate order) repetition (Fig. 1(a))
· Option 2-2: Subframe level (=1 ms level) repetition (Fig. 1(b))
· Option 2-3: Symbol level (= 1 SC-FDMA symbol) repetition (Fig. 1(c))
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(a) Reference resource unit level repetition
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(b) Subframe level repetition
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(c) Symbol level repetition
Fig.1 Realization of repetition

Symbol level combining is one of the fundamental designs of CE Mode B in Rel-13 eMTC. For Option 2-1, symbol level combining is not possible due to the large time difference between symbol-level combined symbols that could face the issue on frequency error. Then, from symbol level combining perspective, Option 2-2 or Option 2-3 is preferable.
From frequency offset estimation perspective, assuming the frequency offset of 100 Hz, the phase rotation in 1 subframe is 36 degree and then the phase rotation between neighbour symbols (15 kHz subcarrier spacing) is 36/14=2.6 degree. It is much small value and makes the frequency offset estimation itself difficult when the number of the repetition is around up to 8 or 16. When the amount of the phase rotation is around 90 degree or something, the receiver can easily detect the amount of the phase rotation. Considering above, Option 2-3 would suffer from the performance degradation especially in the presence of larger frequency offset. Therefore, in order to support symbol level combining and considering ease of frequency offset estimation, repetition is realized by repeating the subframe level. The same subframe structure such as DMRS position as LTE PUSCH would be sufficient for 15 kHz subcarrier spacing.
Proposal 4: Repetition is realized by repeating same subframe (1 ms) in the reference resource unit for 15 kHz subcarrier spacing.

Figure 2 shows the applicable range of coding rate taking the use of QPSK as a reference. Assuming 15 kHz subcarrier spacing only, turbo coding and rate matching processes generate the bits corresponding the reference resource unit size, which scales according to TB size and would be the order of up to 1/3 coding rate. Up to 1/(3×2) coding rate, BPSK is used with rate matching process only. Further lower coding rate is realized by the subframe level repetition of the output bits corresponding to the reference resource units as shown in Fig. 2 (a). When 3.75 kHz subcarrier spacing can be available, up to 1/(3×2×4) coding rate is realized by 15 kHz subcarrier spacing and subframe level repetition. Further lower coding rate is realized by 3.75 kHz subcarrier spacing and rate matching process (and subframe (2 ms) level repetition if needed).
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(a) Applicable range of coding rate in subframe level repetition for 15 kHz subcarrier spacing only
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(b) Applicable range of coding rate in subframe level repetition for combination of 15 kHz and 3.75 kHz subcarrier spacing
Fig.2 Lower coding rate than 1/3 realization

CDM
Large repetitions will heavily impact physical resource transmission efficiency and capacity. Techniques to mitigate the capacity loss by repetition are necessary. One method is to adopt CDM on the top of the repetition. Each subframe is repeated over multiple times and then, each repeated subframe is multiplied by one of orthogonal spreading sequences. Using NSF orthogonal spreading codes with spreading factor SF, up to NSF UEs can be simultaneously transmitted within the same time/frequency resource. This can compensate the capacity degradation caused by repetition. Another method is a narrower subcarrier spacing like 3.75 KHz. A combined solution like CDM is applied to 3.75 kHz spacing case is also possible but its performance is questionable due to more sensitivity on frequency error estimation. Therefore, currently we only assume CDM is applied to 15 kHz spacing. By such approach, it can achieve same capacity as 3.75 kHz subcarrier spacing. Based on our link level evaluation [3], CDM with spreading factor 2 and 4 on the top of repetition can enhance the capacity without any performance degradation caused by UE multiplexing with different orthogonal codes.
Proposal 5: Support CDM for NB-IoT uplink single-tone transmission with 15 kHz subcarrier spacing.

Conclusion
This contribution discusses the details on NB-PUSCH resource mapping and we have the following proposals:
Proposal 1: Turbo coding is used for the PUSCH.
Proposal 2: Reference resource unit size corresponding to the TB size with coding rate roughly 1/3 should be taken into account for both single-tone and multi-tone transmission.
Proposal 3: Turbo coding and rate matching processes generate the bits corresponding the reference resource unit size, which scales according to TB size and would be the order of up to 1/3 coding rate. Further lower coding rate is realized by the repetition of the output bits corresponding to the reference resource units.
Proposal 4: Repetition is realized by repeating same subframe (1 ms) in the reference resource unit for 15 kHz subcarrier spacing.
Proposal 5: Support CDM for NB-IoT uplink single-tone transmission with 15 kHz subcarrier spacing.

Reference
[1]	RAN1 NB-IoT adhoc chairman’s note
[2]	R1-160069, “Discussion on NB-PUSCH design,” Panasonic
[3]	R1-160728, “NB-IoT PUSCH link level evaluation,” Panasonic
4

2
3GPP
image1.emf
Reference resource unit

(e.g., 8 subframes)

Repetition

...

... ...

...

...

Reference resource unit

(e.g., 8 subframes)


image2.emf
Repetition

...

...

...

...

...

...

R subframes

Reference resource unit

(e.g., 8 subframes)


image3.emf
0 1 2 3 4 5 6 7 8 9

1

0

1

1

1 subframe

...

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1 subframe

Repetition

0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5

...

9 9 9 9

1

0

1

0

1

0

1

0

1

1

1

1

1

1

1

1

R symbols

Reference resource unit

(e.g., 8 subframes)


image4.emf
...

Reference resource unit

Reference resource unit

...

Subframe level repetition (R=2)

...

Subframe level repetition (R=4)

...

...

15 kHz single-tone

QPSK

Rate matching only

15 kHz single-tone

BPSK

Rate matching only

15 kHz single-tone

BPSK

Rate matching and 

subframe repetition

1/3

1/(3

×

2)

1/(3

×

2

×

2)

1/(3

×

2

×

4)

...

Coding rate

Subframe (1 ms)


image5.emf
...

Reference resource unit

Reference resource unit

...

Subframe level repetition (R=2)

...

Reference resource unit of 3.75 kHz 

...

...

15 kHz single-tone

QPSK

Rate matching only

15 kHz single-tone

BPSK

Rate matching only

15 kHz single-tone

BPSK

Rate matching and 

subframe repetition

1/3

1/(3

×

2)

1/(3

×

2

×

2)

1/(3

×

2

×

4)

...

3.75 kHz single-tone

BPSK

Rate matching and 

subframe repetition

Coding rate

Subframe (1 ms)

Subframe (2 ms)

...

...

Subframe level repetition

...

...


