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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we evaluate following points related to NB-IoT PUSCH.
- Performance of single-tone transmission vs multi-tone transmission, including the effect of channel estimation
- Repetition and symbol level combing
We also provide our view on above points related to NB-IoT PUSCH.
NB-IoT PUSCH evaluations
Performance of single-tone transmission vs multi-tone transmission, including the effect of channel estimation
NB-IoT PUSCH transmissions with single-tone and multi-tone transmission are evaluated in the condition of TU and EPA, fD = 1 Hz assuming both ideal channel estimation and realistic channel estimation. The further detailed parameters are listed in the Appendix A and detailed simulation results with BLER performance are shown in Appendix C. The SNR required for achieving BLER=101 is used for the MCL calculation. In this evaluation, the value X of basic resource unit is assumed to be variable according to the number of tones (i.e., for 12, 6, 3, and 1-tone transmission, X=1, 2, 4, and 12, respectively). For realistic channel estimation, legacy LTE DMRS position in 1 ms subframe (i.e., DMRS is located at 3rd and 10th symbols) is assumed and cross subframe channel estimation is not used. Table 1 summarizes the MCL. The detailed parameters for MLC calculation are presented in Appendix B.
Table 1	MCL of single-tone transmission and multi-tone transmission
	MCL (dB)
	TU
	EPA

	
	Single-tone transmission
	Multi-tone transmission
	Single-tone transmission
	Multi-tone transmission

	
	
	3-tone transmission
	6-tone transmission
	12-tone transmission
	
	12-tone transmission

	Ideal channel estimation
	151.1
	146.4
	143.6
	140.8
	151.2
	140.4

	Realistic channel estimation
	146.3
	142.4
	140.6
	138.3
	146.4
	138.2



In the ideal channel estimation condition, the coverage gain from 12-tone transmission is about 3 dB for 6-tone, 6 dB for 3-tone, and 11 dB for single-tone transmissions. On the other hand, in the realistic channel estimation condition, the coverage gain from 12-tone transmission becomes about 3 dB for 6-tone, 4 dB for 3-tone, and 8 dB for single-tone transmissions. Therefore, the ideal coverage gain cannot be achieved for 3-tone and single-tone transmissions. The reason of this degradation would come from the channel estimation accuracy. In single-tone transmission and multi-tone transmission with smaller number of tones, the number of DMRS REs is reduced as the number of tones decreases, and therefore, channel estimation accuracy significantly degrades. In order to have sufficient coverage gain in single-tone transmission and multi-tone transmission with smaller number of tones, to enhance channel estimation performance is required. Based on the above evaluation, our observation is following.
Observation 1: For single-tone transmission (and multi-tone transmission with smaller number of tones (e.g., 3 subcarriers)), coverage improvement is limited by channel estimation performance.
Observation 2: For single-tone transmission (and multi-tone transmission with smaller number of tones), to enhance channel estimation performance is required.

Repetition and symbol level combining
For NB-IoT, the target MCL is 164dB corresponding to 20dB improvement over legacy GPRS. In order to achieve 164dB MCL, repetition over multiple subframes is one of necessary solutions in addition to single-tone transmissions. For single-tone transmission (also for multi-tone transmissions), to define basic resource unit consisting of multiple subframes are discussed. When repetition is applied, following 2 options could be considered as the combination of repetition and resource mapping over basic resource unit if the legacy LTE PUSCH subframe structure is maintained for NB-IoT PUSCH (i.e., DMRS is located at 3rd and 10th symbols and data is mapped to other symbols).
· Option 1: The set of basic resource unit (i.e., X subframes) is repeated R times (Fig.1).
· Option 2: The same subframe in basic resource unit (X subframes) is repeated R times (Fig.2).
Symbol level combining is one of the fundamental designs of CE mode B in Rel-13 eMTC. From the suitability for the symbol level combining perspective, the Option 2 is more efficient method as to combining symbols with larger time difference could face the issue on frequency error. While Option 1 has the benefit to perform early termination more efficiently as all coded bits can be transmitted earlier.
[image: ]
Fig.1 Option 1
[image: ]
Fig.2 Option 2

In NB-IoT single-tone transmission, whether or not to keep the legacy LTE PUSCH subframe structure (legacy LTE DMRS position in a subframe is assumed or not) is one of important discussion points. Based on our evaluation results in Sect. 2.1, to enhance channel estimation performance is required. Therefore, some kind of new DMRS pattern or adding more DMRS would be required at least for single-tone transmission. If there is no need to keep legacy LTE subframe structure, mapping of the data symbol and DMRS in the set of repetition and basic resource unit (i.e. X×R ms subframes) could be more flexible. In this case, further option on the realization of repetition such as symbol level repetition can be considered as following.
-	Option 3: The same symbol in basic resource unit (X subframes) is repeated R times (Fig. 3).
From symbol level combining perspective, Option 3 is the most efficient method as more number of symbols can be combined coherently without suffering the frequency error than Option 2. In addition, to repeat the same symbol consequently would help eNB to detect frequency error estimation.
[image: ]
Fig.3 Example of Option 3

Observation 3: For single-tone transmission (and multi-tone transmission with smaller number of tones (e.g., 3 subcarriers)), if there is no need to keep the legacy LTE subframe structure, symbol level repetition can be considered.

NB-IoT PUSCH single-tone transmission with repetition are evaluated in the condition of TU, fD = 1 Hz. The further detailed parameters are listed in the Appendix A and detailed simulation results with BLER performance are shown in Appendix C. The SNR required for achieving BLER=101 is used in the MCL calculation. The value X is assumed to be 12. For realistic channel estimation, legacy LTE DMRS position in 1 ms subframe (i.e., DMRS is located at 3rd and 10th symbols) is assumed. Table 2 summarizes the MCL. The detailed parameters for MLC calculation are presented in Appendix B.
Table 2	MCL of single-tone transmission with repetition
	MCL (dB)
	1 repetition
	2 Repetition
	4 repetition
	8 repetition
	16 repetition
	32 repetition
	64 repetition

	w/o symbol level combining
(Option 1)
	146.3
	148.2
	150.2
	152.1
	154.0
	156.5
	159.0

	Symbol level combining 
(2 subframes)
	-
	149.2
	151.2
	153.2
	155.5
	157.8
	160.4

	Symbol level combining 
(4 subframes)
	-
	-
	152.1
	154.2
	156.5
	159.1
	161.6



Symbol level combining can provide significantly better performance. The coverage gain of symbol level combining is 1.0~1.5 dB when 2 subframes are combined and 1.9~2.6 dB when 4 subframes are combined. Based on above evaluations, our observation is following.
Observation 4: Symbol level combining can significantly improve the coverage of single-tone transmission with repetition.
Considering the suitability for symbol level combining, Option 2 is desirable design option on the combination of the repetition and the basic resource unit.
Proposal: To support symbol level combining, repetition is realized by repeating the same subframe in X-subframe of basic resource unit as shown in Fig. 2 if legacy LTE subframe structure is maintained for NB-IoT PUSCH, otherwise, symbol level repetition can be considered.
Conclusion
In this contribution, we discussed channel estimation aspect and design of repetition for NB-IoT PUSCH providing some simulation results. Based on the discussion presented, we summarize our views through the following observations and proposal:
Observation 1: For single-tone transmission (or multi-tone transmission with smaller number of tones (e.g., 3 subcarriers)), coverage improvement is limited by channel estimation performance.
Observation 2: For single-tone transmission (or multi-tone transmission with smaller number of tones), to enhance channel estimation performance should be considered.
Observation 3: For single-tone transmission (and multi-tone transmission with smaller number of tones (e.g., 3 subcarriers)), if there is no need to keep the legacy LTE subframe structure, symbol level repetition can be considered.
Observation 4: Symbol level combining can significantly improve the coverage of single-tone transmission with repetition.
Proposal: To support symbol level combining, repetition is realized by repeating the same subframe in X-subframe of basic resource unit as shown in Fig. 2 if legacy LTE subframe structure is maintained for NB-IoT PUSCH, otherwise, symbol level repetition can be considered.
Appendix A: Simulation parameters
	Parameters
	Value

	Frame format (basic resource unit)
	Single-tone (1 subcarrier and 12 subframes)
Multi-tone (3 subcarriers and 4 subframes)
Multi-tone (6 subcarriers and 2 subframes)
Multi-tone (12 subcarriers and 1 subframe)

	Subcarrier spacing
	15 kHz

	Channel coding
	Turbo

	TBS
	56 bits

	CRC
	24 bits

	Number of repetition
	R=1, 2, 4, 8, 16, 32, 64

	Spreading factor
	SF=1, 2, 4

	Number of multiplexed UEs for CDM
	U=1 when SF=1
U=2 when SF=2
U=4 when SF=4

	Number of antennas
	1×2 with low correlation

	Carrier frequency
	900 MHz

	Channel model
	TU, EPA (Doppler frequency, fD=1Hz)

	Timing error
	Ideal

	Residual frequency offset
	20Hz

	Channel estimation
	Ideal, Realistic

	Equalization
	MMSE-FDE



Appendix B: Parameters for MCL calculation
	Parameters
	Value

	(1) Tx power (dB m)
	23

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	3

	(4) Interference margin (dB)
	0

	(5) System bandwidth (Hz)
	180000

	(6) Noise power = (2) + (3) + (4) + 10*log(5) (dBm)
	-129

	(7) Rx processing gain
	0

	MCL (dB) = (1) – {(6) + Required SNR (dB)} + (7)


	
Appendix C: BLER Performance
Figure 3 plots the BLER performance of single-tone transmission and multi-tone transmission including the effect of channel estimation as a function of average transmit SNR which is defined as the ratio of transmit power to noise power over the system bandwidth (180 kHz).
[image: ]   [image: ]
                                      (a) TU                                                                                    (b) EPA
Fig. 3	Single-tone transmission vs multi-tone transmission, including the effect of channel estimation

Figure 4 plots the BLER performance of single-tone transmission with repetition as a function of average transmit SNR which is defined as the ratio of transmit power to noise power over the system bandwidth (180 kHz).
[image: ]
(a) w/o symbol level combining (Option 1)
[image: ]   [image: ]
               (b) Symbol level combining (2 subframes)                           (c) Symbol level combining (4 subframes)
Fig. 4	Single-tone transmission with repetition

4

2
3GPP
image1.emf
X subframes (Basic resource unit)

...

X subframes

...

Repetition

X subframes

...

X subframes

...

...

R

×

X subframes


image2.emf
...

R subframes

...

Repetition

X

×

R subframes

R subframes

...

R subframes

...

R subframes

...

...

X subframes (Basic resource unit)


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

1

0

1

1

Subframe level repetition

...

R subframes

Symbol level repetition

1 subframe

0 1 2 3 4 5 6 7 8 9

1

0

1

1

0 1 2 3 4 5 6 7 8 9

1

0

1

1

0 1 2 3 4 5 6 7 8 9

1

0

1

1

0 0 0 0 1 1 1 1 2 2 2 2

R symbols

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

...


image4.emf
-15

-5

Average transmit SNR (dB)

-10

0

10

-2

10

-1

10

0

Average 

BLER

5

No. of tones

1

3

6

12

Channel estimation

Ideal

Realistic

10


image5.emf
10

-2

10

-1

10

0

Average 

BLER

No. of tones

1

12

Channel estimation

Ideal

Realistic

-15

-5

Average transmit SNR (dB)

-10

0

5

10


image6.emf
-25

-15

Average received SNR (dB)

-20

-10

0

10

-2

10

-1

10

0

Average 

BLER

-5

R

=1

R

=2

R

=4

R

=8

R

=16

R

=32

R

=64


image7.emf
-25

-15

Average received SNR (dB)

-20

-10

0

10

-2

10

-1

10

0

Average 

BLER

-5

R

=2

R

=4

R

=8

R

=16

R

=32

R

=64


image8.emf
-25

-15

Average received SNR (dB)

-20

-10

0

10

-2

10

-1

10

0

Average 

BLER

-5

R

=4

R

=8

R

=16

R

=32

R

=64


