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1 Introduction

In the revised WID “Revised WI: NarrowBand IoT (NB-IoT)” ([1]) approved in RAN #70 meeting, downlink numerology was down-selected to:

· OFDMA on the downlink

· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 

In RAN1#83 meeting, the following agreements and working assumption on downlink design were made [2]:

Agreement:

· NB-IoT supports a physical downlink shared channel, NB-PDSCH.
· The max TBS size for NB-IoT in DL is no less than 520bits

Working Assumption:
· NB-IoT supports operation with more than one DL tx antenna port.
· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC.
· TBCC as in LTE is used for NB-IoT all downlink channels.
In this contribution, considerations on NB-PDSCH design are discussed for NB-IoT.

2 Channel coding chain for NB-PDSCH
2.1 Channel coding choice between TBCC and turbo coding for NB-PDSCH
“TBCC as in LTE is used for NB-IoT all downlink channels” was agreed as a working assumption in last RAN1 meeting[1]. Turbo coding outperforms TBCC when code block size is large. However, the performance gap between turbo coding and TBCC is less than 1dB. Considering that turbo coding needs iterative decoding which has much higher decoding complexity, it is preferred to use TBCC for all downlink channels of NB-IoT. 
Proposal 1: For NB-IoT, TBCC is used for NB-PDSCH.
2.2 TBCC encoding
LTE Rel-11 tail biting convolutional code with constraint length 7 and coding rate 1/3 can be reused for NB-IoT.
Proposal 2: Rate 1/3 tail biting convolutional encoder same as LTE Rel-11 is reused for NB-IoT. 
2.3 Sub-block interleaver
LTE Rel-11 sub-block interleaver algorithm can be reused for NB-IoT. The bits input to the block interleaver are denoted by
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, where D is the number of bits. The output bit sequence from the block interleaver is derived by the same sub-block interleaver algorithm in TS36.212, The bits after sub-block interleaving are denoted by.
Proposal 3: Sub-block interleaver algorithm same as LTE Rel-11 is reused for NB-IoT.
2.4 Bit collection, selection and transmission

The circular buffer of length 
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 is generated as follows:
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Denoting by E the rate matching output sequence length, and rvidx the redundancy version number for this transmission (rvidx = 0 or 2), the rate matching output bit sequence is 
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, where 
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 is the number of rows defined in section 2.3.
Set k = 0 and j = 0

while { k < E }


if 
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k = k +1


end if

j = j +1

end while
Circular buffer rate matching has been supported by TBCC in LTE Release 11. If RV is supported for TBCC, a slight modification is needed and marked by underline based on TBCC corresponding paragraph in TS36.212. On the other hand, the bit collection, selection and transmission of TBCC are almost the same as that of Turbo coding in section 5.1.4.1.2 of TS 36.212. The slight difference is the calculation of k0 .
 For Turbo coding, 
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. There are 2 columns offset from the beginning of virtual circular buffer for Turbo coding, but no offset for TBCC.
Proposal 4: Rate matching algorithm needs to be revised slightly to support two redundancy versions, which basically reuses the rate matching algorithm of turbo coding in LTE Release 11.
2.5 Modulation
Among QPSK and 16QAM, considering that the received SNR is not high for the NB-IoT UE, it is preferred not to support 16QAM in Rel-13. 
Proposal 5: NB-PDSCH only supports QPSK modulation.
2.6 Scrambling 
Scrambling in NB-PDSCH can reuse and follow the scrambling rule of PDSCH in Rel-13 eMTC [2]. 

Proposal 6: NB-PDSCH can reuse the scrambling method of PDSCH in Rel-13 eMTC.
2.7 Resource mapping
After coding and modulation, modulated symbols of a transport block will be mapped to time-frequency resources. Two mapping methods can be considered: “frequency domain first then time domain” or “time domain first then frequency domain”. Considering the delay factor of decoder, “frequency domain first then time domain” is beneficial for reducing reception latency. 
Proposal 7: In order to reduce reception latency, mapping in frequency domain first then time domain is preferred for NB-PDSCH.

3 TBS table design
3.1 Modulation and TBS index table for NB-PDSCH
Modulation and TBS index table for NB-PDSCH can reuse the first 10 MCS levels in Table 7.1.7.1-1 of TS 36.213. Since only one modulation type is used,  the index of TBS is equal to the index of MCS, namely ITBS = IMCS.
Proposal 8: The first 10 MCS levels in Table 7.1.7.1-1 of TS36.213 can be reused for NB-PDSCH.
For NB-IoT system, it is preferred that redundancy versions are supported for TBCC. RV is beneficial to implement the transition from chase combination to incremental redundancy (IR) combination, which can improve link performance for with HARQ. However, the supporting of RV will increase downlink signaling overhead, thus the number of RVs should be limited. As a trade-off, two RVs can be considered for NB-PDSCH.
Proposal 9: RV (redundancy version) should be supported for NB-PDSCH and support of 2 RVs is preferred.
Different cases of several TBSs and RVs in AWGN channel and fading channel have been simulated. The gains of these cases are shown as in Table 1 and Table 2. Detailed simulation assumptions can be referred to Appendix. According to the simulation, we can have two observations:
Observation 1: For high ITBS with rate 1/2~rate 1/3, the support of RV can improve link performance obviously, especially in fading channel (TU).
Observation 2: Two RVs are enough to achieve most performance gain.
Table 1  SNR Gain (in dBs) for AWGN channel
	TBS             RV   
	[0 2 3 1]
	[0 2 0 2]
	[0 0 0 0 ]

	NRU=1
	16
	0
	0
	0

	
	40
	0
	0
	0

	
	56
	0
	0
	0

	
	104
	0.3
	0.22
	0

	
	120
	0.47
	0.38
	0

	
	136
	0.64
	0.59
	0

	
	144
	0.76
	0.69
	0

	NRU=6
	152
	0
	0
	0

	
	408
	0.1
	0.06
	0

	
	712
	0.23
	0.13
	0

	
	936
	0.59
	0.48
	0


Table 2 SNR Gain (in dBs) for fading channel

	TBS                 RV
	[0 2 3 1]
	[0 2 0 2]
	[0 0 0 0 ]

	NRU=1
	104
	3.4
	2.28
	0

	
	120
	3.61
	3
	0

	
	136
	5.94
	4.85
	0

	
	144
	7.32
	6.46
	0

	NRU=6
	408
	1.37
	1.07
	0

	
	712
	3.33
	3.14
	0

	
	936
	11.68
	10.84
	0


Further, two RVs can be supported without additional signaling overhead. In LTE Release 11, MCS index is used to indicate modulation order, TBS index and RV for PUSCH. Similarly, MCS index can also be used to indicate RV for NB-PDSCH. In detail, only one RV (RV=0) is supported for TBS index smaller than 4 since the code rate is low while two RVs are supported for the remaining TBS index since the code rate is high. Table 3 shows an example of MCS and redundancy version table for NB-PDSCH, herein i(j) denotes that the i-th NB-IoT MCS/TBS index corresponds to the j-th LTE Release 11 MCS/TBS index. Without introducing additional IMCS overhead, two RVs can be supported for NB-PDSCH. Since CQI is not supported for NB-IOT, 4-bit MCS index can be reduced to 3-bit MCS index as in Table 4.
Table 3 Modulation, TBS index and Redundancy Version table for NB-PDSCH

	MCS index
IMCS
	Modulation order

Qm
	TBS index

ITBS
	Redundancy Version
rvidx

	0(0)
	2
	0(0)
	0

	1(1)
	2
	1(1)
	0

	2(2)
	2
	2(2)
	0

	3(3)
	2
	3(3)
	0

	4(4)
	2
	4(4)
	0

	5(5)
	2
	5(5)
	0

	6(6)
	2
	6(6)
	0

	7(7)
	2
	7(7)
	0

	8(8)
	2
	8(8)
	0

	9(9)
	2
	9(9)
	0

	10(4)
	2
	4(4)
	2

	11(5)
	2
	5(5)
	2

	12(6)
	2
	6(6)
	2

	        13(7)
	2
	7(7)
	2

	        14(8)
	2
	8(8)
	2

	 15(9)
	2
	9(9)
	2


Table 4 Modulation, TBS index and Redundancy Version table for NB-PDSCH

	MCS index
IMCS
	Modulation order

Qm
	TBS index

ITBS
	Redundancy Version
rvidx

	0(0)
	2
	0(0)
	0

	1(2)
	2
	1(2)
	0

	2(4)
	2
	2(4)
	0

	3(6)
	2
	3(6)
	0

	4(8)
	2
	4(8)
	0

	5(4)
	2
	2(4)
	2

	6(6)
	2
	3(6)
	2

	        7(8)
	2
	4(8)
	2


Proposal 10: 4-bit MCS index is used to indicate TBS index and RV for NB-PDSCH.

· Only one RV is supported for small TBS indices.

· Two RVs are supported for large TBS indices.
· 4-bit MCS index can be reduced to 3-bit MCS index as in Table 4 due to no CQI feedback.
3.2 TBS  table
The concept of Resource Unit (RU) should be defined, which is similar to the concept of RB in LTE Release 11.  For NB-PDSCH, it is preferred that the number of resource elements (RE) in each RU is nearly equal to the number of resource elements in each RB in Release 11. Thus, it is suggested that the number of REs of each RU is 120 REs same as in LTE Release 11, then TBS table in Release 11 can be reused if NPRB is modified to NRU. As shown in Table 5, TBS is derived from NRU and ITBS by TBS table. Since CQI is not supported for NB-IOT, 4-bit TBS index can be reduced to 3-bit TBS index, TBS table is modified from Table 5 to Table 6.
Proposal 11: Resource Unit (RU) should be defined for NB-PDSCH; each RU will occupy about 120 REs.
Proposal 12: The first 10 ITBS levels of TBS table in Release 11 can be reused only if NPRB is modified to NRU. Furthermore, 4-bit TBS index can be reduced to 3-bit TBS index due to no CQI feedback.
Proposal 13: The maximum number of RU depends on the supported maximum TBS., It is preferred that the maximum TBS is not more than 1000 bits.

Table 5: Transport block size table for NB-PDSCH (dimension 10×6)
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	1
	2
	3
	4
	5
	6

	0(0)
	16
	32
	56
	88
	120
	152

	1(1)
	24
	56
	88
	144
	176
	208

	2(2)
	32
	72
	144
	176
	208
	256

	3(3)
	40
	104
	176
	208
	256
	328

	4(4)
	56
	120
	208
	256
	328
	408

	5(5)
	72
	144
	224
	328
	424
	504

	6(6)
	88
	176
	256
	392
	504
	600

	7(7)
	104
	224
	328
	472
	584
	712

	8(8)
	120
	256
	392
	536
	680
	808

	9(9)
	136
	296
	456
	616
	776
	936


Table 6: Transport block size table for NB-PDSCH (dimension 5×6)
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	1
	2
	3
	4
	5
	6

	0(0)
	16
	32
	56
	88
	120
	152

	1(2)
	32
	72
	144
	176
	208
	256

	2(4)
	56
	120
	208
	256
	328
	408

	3(6)
	88
	176
	256
	392
	504
	600

	4(8)
	120
	256
	392
	536
	680
	808


In LTE Release 11, a single TBS is available for both PDSCH and PUSCH. In NB-IoT, it is preferred that NB-TBS table for NB-PDSCH is also used as the TBS table of NB-PUSCH for the purpose of simplification. 

Proposal 14: A single TBS table is used for both NB-PDSCH and NB-PUSCH.
The number of CRC bits for turbo coding is 24. For NB-PDSCH, considering that the supported TBS is much smaller than the original TBS in LTE Release 11, it is preferred to reduce the number of CRC bits for convolutional coding to 8 bits ~16bits. For example, if TBS is smaller than L (e.g., 200) bits, the number of CRC bits is 8, and if TBS is larger than or equal to L bits, the number of CRC bits is 16.
Proposal 15: The number of CRC bits for convolutional coding is reduced to 8 bits ~16bits.
4 NB-PDSCH repetition for UEs in enhanced coverage
Repetition of NB-PDSCH across multiple subframes should be supported for UEs in enhanced coverage. 
Here, we use TTI to denote time interval for one NB-PDSCH transmission without repetition. In NB-IoT, one TTI may contain m subframes in time domain. The repetition method could be:
Option 1: NB-PDSCH is repeated TTI by TTI, which means that NB-PDSCH is transmitted in the first m subframes , and repeated in the next m subframes, and so on. The redundancy version is cycled every Z TTIs (equivalently every Z*m subframes). 
Option 2: NB-PDSCH is repeated subframe by subframe, which means the first subframe of the NB-PDSCH is repeated in the first Z subframes, and the second subframe of the PDSCH is repeated in the next Z subframes, and so on. The redundancy version is also cycles every Z TTIs  (equivalently every Z*m subframes).
Since code rate higher than 2/3 is not preferred for NB-IoT UEs in enhanced coverage, two RVs are enough. The RV cycling follows the pattern RV{0, 2}.
Proposal 16: For NB-PDSCH repetition, NB-PDSCH is repeated subframe by subframe.
The following methods can be used to indicate number of repetitions:

· Independent DCI signaling
· DCI + RRC signaling
· DCI + SIB signaling 
The determination of number of repetitions should be independent of the determination of TBS, which is helpful to support more TBS and simplify the determination of TBS.

Proposal 17: Explicit signaling is applied to indicate number of repetitions, and the determination of number of repetitions should be independent of the determination of TBS.
5 Conclusions
In this contribution, we have discussed NB-PDSCH design for NB-IoT. We have the following observations and proposals:

Observation 1: For high ITBS with rate 1/2~rate 1/3, the support of RV can improve link performance obviously, especially in fading channel (TU).
Observation 2: Two RVs are enough to achieve most performance gain.
Proposal 1: For NB-IoT, TBCC is used for NB-PDSCH.

Proposal 2: Rate 1/3 tail biting convolutional encoder same as LTE Rel-11 is reused for NB-IoT.
Proposal 3: Sub-block interleaver algorithm same as LTE Rel-11 is reused for NB-IoT.
Proposal 4: Rate matching algorithm needs to be revised slightly to support two redundancy versions, which basically reuses the rate matching algorithm of turbo coding in LTE Release 11.
Proposal 5: NB-PDSCH only supports QPSK modulation.

Proposal 6: NB-PDSCH can reuse the scrambling method of PDSCH in Rel-13 eMTC.
Proposal 7: In order to reduce reception latency, mapping in frequency domain first then time domain is preferred for NB-PDSCH.

Proposal 8: The first 10 MCS levels in Table 7.1.7.1-1 of TS36.213 can be reused for NB-PDSCH.
Proposal 9: RV (redundancy version) should be supported for NB-PDSCH and support of 2 RVs is preferred.
Proposal 10: 4-bit MCS index is used to indicate TBS index and RV for NB-PDSCH.

· Only one RV is supported for small TBS indices.

· Two RVs are supported for large TBS indices.
· Furthermore, 4-bit MCS index can be reduced to 3-bit MCS index due to no CQI feedback.
Proposal 11: Resource Unit (RU) should be defined for NB-PDSCH; each RU will occupy about 120 REs..
Proposal 12: The first 10 ITBS levels of TBS table in Release 11 can be reused only if NPRB is modified to NRU. Furthermore, 4-bit TBS index can be reduced to 3-bit TBS index due to no CQI feedback.
Proposal 13: The maximum number of RU depends on the supported maximum TBS., It is preferred that the maximum TBS is not more than 1000 bits.

Proposal 14: A single TBS table is used for both NB-PDSCH and NB-PUSCH.
Proposal 15: The number of CRC bits for convolutional coding is reduced to 8 bits ~16bits.
Proposal 16: For NB-PDSCH repetition, NB-PDSCH is repeated subframe by subframe.
Proposal 17: Explicit signaling is applied to indicate number of repetitions, and the determination of number of repetitions should be independent of the determination of TBS.
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Appendix: Simulation results
· AWGN Channel

Table A1 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	16 bits   

	NRU
	1

	Repetition
	4
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Figure A1 Performances of three NB-PDSCH-specific RV patterns (TBS = 16bit)

Table A2  Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	40 bits   

	NRU
	1

	Repetition
	4
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Figure A2 Performances of three NB-PDSCH-specific RV patterns (TBS = 40bit)
Table A3 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	56 bits   

	NRU
	1

	Repetition
	4
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Figure A3 Performances of three NB-PDSCH-specific RV patterns (TBS=56bit)

Table A4 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	104 bits   

	NRU
	1

	Repetition
	4
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Figure A4  Performances of three NB-PDSCH-specific RV patterns (TBS = 104bit)

Table A5 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	120 bits   

	NRU
	1

	Repetition
	4
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Figure A5 Performances of three NB-PDSCH-specific RV patterns (TBS = 120bit)

Table A6 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	136 bits   

	NRU
	1

	Repetition
	4
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Figure A6 Performances of three NB-PDSCH-specific RV patterns (TBS = 136bit)

Table A7 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	144 bits   

	NRU
	1

	Repetition
	4
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Figure A7 Performances of three NB-PDSCH-specific RV patterns (TBS=144bit)

Table A8 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	152 bits   

	NRU
	6

	Repetition
	4
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Figure A8 Performances of three NB-PDSCH-specific RV patterns (TBS=152bit)

Table A9 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	408 bits   

	NRU
	6

	Repetition
	4
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Figure A9 Performances of three NB-PDSCH-specific RV patterns (TBS=408bit)

Table A10 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	712 bits   

	NRU
	6

	Repetition
	4


[image: image30.emf]-5 -4.8 -4.6 -4.4 -4.2 -4 -3.8 -3.6 -3.4 -3.2 -3

10

-3

10

-2

10

-1

10

0

AWGN, N

RU

=6,TBS=712bit

SNRdB

BLER

 

 

Downlink TBS712 RV[0 2 0 2]

Downlink TBS712 RV[0 2 3 1]

Downlink TBS712 RV[0 0 0 0]


Figure A10 Performances of three NB-PDSCH-specific RV patterns (TBS = 712bit)

Table A11  Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	936 bits   

	NRU
	6

	Repetition
	4
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Figure A11 Performances of three NB-PDSCH-specific RV patterns (TBS = 936bit)

· Fading Channel

Table A12 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	104 bits   

	NRU
	1

	Repetition
	4

	Channel estimation
	Realistic
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Figure A12 Performances of three NB-PDSCH-specific RV patterns (TBS = 104bit)

Table A13 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	120 bits   

	NRU
	1

	Repetition
	4

	Channel estimation
	Realistic
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Figure A13 Performances of three NB-PDSCH-specific RV patterns (TBS = 120bit)

Table A14 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	136 bits   

	NRU
	1

	Repetition
	4

	Channel estimation
	Realistic
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Figure A14 Performances of three NB-PDSCH-specific RV patterns (TBS = 136bit)

Table A15 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	144 bits   

	NRU
	1

	Repetition
	4

	Channel estimation
	Realistic
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Figure A15 Performances of three NB-PDSCH-specific RV patterns (TBS = 144bit)

Table A16 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	408 bits   

	NRU
	6

	Repetition
	4

	Channel estimation
	Realistic
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Figure A16 Performances of three NB-PDSCH-specific RV patterns (TBS = 408bit)

Table A17 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	712 bits   

	NRU
	6

	Repetition
	4

	Channel estimation
	Realistic
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Figure A17 Performances of three NB-PDSCH-specific RV patterns (TBS = 712bit)

Table A18 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx,1Rx

	TBS
	936 bits   

	NRU
	6

	Repetition
	4

	Channel estimation
	Realistic
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Figure A18 Performances of three NB-PDSCH-specific RV patterns (TBS = 936bit)
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