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1 Introduction

In RAN1#84 meeting, the following agreements on downlink design were made [1]:
· Error detection through 24-bit Cyclic Redundancy Check (CRC) for NB-PDSCH follows Section 5.3.2.1 in TS 36.212

· Clarify that the Tail biting convolutional encoding  agreed for NB-PDSCH is according to section 5.1.3.1 in TS 36.212

· 16QAM is not supported for NB-PDSCH

· The maximum TBS for NB-PDSCH is 680 bits

· Redundancy versions (RVs) for NB-PDSCH are not supported

· Note that the number(s) of subframes that a TB can be mapped onto for NB-PDSCH is FFS 

· Sub-PRB allocations of the NB-PDSCH are not supported

· In in-band FDD operation, NB-PBCH and NB-PSS/NB-SSS is not located in a RB that contains LTE PBCH/PSS/SSS.

In this contribution, remaining issues on NB-PDSCH design are discussed for NB-IoT, which include three topics: scrambling, MCS/TBS table design, and repetition. 
2 MCS/TBS table design
In this section, the design of MCS/TBS table without repetition is discussed, and the two tables are mainly used for the scenario of normal coverage.  Further, repetition can be introduced on top of the designed two tables to cope with large fading in the scenario of enhanced coverage.
2.1 Modulation and TBS index table
For NB-PDSCH, it is preferred that the lower MCS levels in LTE Release 11 are reused for NB-IoT. More specifically, the first 10 MCS levels in Table 7.1.7.1-1 of TS 36.213 can be copied for NB-PDSCH. Since only one modulation type is used,  the index of TBS is equal to the index of MCS, namely ITBS = IMCS. As a result, the first 10 MCS levels in Table 7.1.7.1-1 of TS 36.213 can be reused for NB-PDSCH.  Table 1 shows an example of MCS 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. According to the conclusion of the previous meeting, the number of MCS levels should be up to 8, 4-bit MCS index should be reduced to 3-bit MCS index as in Table 2.  
Table 1 Modulation, TBS index Table for NB-PDSCH, 4-bit MCS
	NB-IoT MCS index (LTE R11 MCS index)
IMCS
	Modulation order

Qm
	NB-IoT TBS index (LTE R11 MCS index)
ITBS

	0(0)
	2
	0(0)

	1(1)
	2
	1(1)

	2(2)
	2
	2(2)

	3(3)
	2
	3(3)

	4(4)
	2
	4(4)

	5(5)
	2
	5(5)

	6(6)
	2
	6(6)

	7(7)
	2
	7(7)

	8(8)
	2
	8(8)

	9(9)
	2
	9(9)


Table 2 Modulation, TBS index table for NB-PDSCH, 3-bit MCS
	NB-IoT MCS index (LTE R11 MCS index)
IMCS
	Modulation order

Qm
	NB-IoT TBS index (LTE R11 MCS index)
ITBS

	0(0)
	2
	0(0)

	1(2)
	2
	1(2)

	2(4)
	2
	2(4)

	3(6)
	2
	3(6)

	4(8)
	2
	4(8)


Proposal 1: The first even IMCS levels {0, 2, 4, 6, 8} of modulation, TBS index table in Release 11 can be considered for NB-PDSCH.
2.2 TBS  table
According to the conclusion of the previous meeting, resource unit (RU) has been defined in uplink. In order to unify the concept of basic resource unit of uplink and downlink in NB-IoT, it is suggested that the concept of resource unit (RU) should be defined in TS36.211 for downlink data transmission, which is similar to the resource block (RB) in LTE Release 11. Actually, the same concern also has been considered in NB-IoT 36.212 draft in which it is assumed that PDSCH Data arrives to the coding unit in the form of a maximum of one transport blocks over a number of resource units per DL cell [2]. 
Proposal 2: It is preferred that the concept of resource unit (RU) should be defined for NB-PDSCH and each RU corresponds to a PRB in LTE Release 12.
For NB-PDSCH, it is preferred that the number of resource elements (RE) in each RU is similar to the number of resource elements in one RB in Release 11. In NB-IoT JAN ad-hoc meeting, NB-RS was agreed to be always present. Hence, the number of REs in each RU of NB-IoT may be slightly smaller than the number of REs of each PRB in LTE. If the number of REs of NB-RS of two ports is 16, there are 104 REs in a PRB for in-band operation mode, and 116 REs for stand-alone or guard-band operation mode. Assuming that the number of REs per PRB is roughly 120 REs (similar to LTE Release 11), TBS table in Release 11 can be reused, with NPRB modified to NRU. As shown in Table 3, TBS is derived from NRU and ITBS by TBS table. Here, i(j) denotes that the i-th NB-IoT MCS/TBS index corresponds to the j-th LTE Release 11 MCS/TBS index.
Table 3 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


According to the conclusion of the previous meeting, the number of MCS levels should be up to 8, thus it has been decided to prune 4-bit TBS index to 3-bit TBS index in order to reduce DCI signaling overhead. In order to prune 4-bit TBS index to 3-bit TBS index, it is suggested that the first 5 even ITBS levels {0, 2, 4, 6, 8} of TBS table in Release 11 should be reused if NPRB is modified to NRU (number of Resource unit before repetition).  The suggested TBS table has been given in [3][4] and related simulation has been carried out in [4].
Proposal 3: The existing TBS in LTE Release 11 should be considered for NB-IoT. Furthermore, the first even ITBS levels {0, 2, 4, 6, 8} of TBS table in Release 11 can be considered only if NPRB is modified to NRU. 

Since there isn’t obvious requirement of the capacity and the peak data rate of NB-PDSCH, it is suggested that all code rates of all selected R11 MCSs can be decreased half so that code rates of all NB-PDSCH MCSs are lower than 1/3 and the code rate of the highest MCS is around 1/3. The fact that all NB-PDSCH MCSs are lower than 1/3 is beneficial for repetition combination or HARQ combination since RV is rejected in the previous meeting.
Proposal 4: It is suggested that all Release 11 MCSs should be decreased half so that the code rate of the highest MCS level is slightly lower than 1/3.
There are two methods to decrease code rate. The first method is that TBS table for NB-PDSCH is derived by doubling RU numbers (NRU) per column in R11 TBS table, one example as Table 4 is given for the first method.  The second method is that TBS table for NB-PDSCH is derived by scaling all TBS in Release 11 TBS table (NPDSCH_TBS = round((R11_TBS + 24)/2 - 24)), another example as Table 5 is given for the second method. It is preferred that the first method could be used for NB-IoT since the modification to the current standard seems smaller for the first method.
Appendix A and B shows the link level performance assuming TBS in Table 4 and Table 5 for 116 REs and 104 REs. It is seen that the required SNR @BLER=0.1 increases almost linearly by 2 dB step with the increase of ITBS, which means TBS from Table 4 or Table 5 can work well in NB-PDSCH.
Table 4 Transport block size table for NB-PDSCH (dimension 5×6)
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	2
	4
	6
	8
	10
	12

	0(0)
	16 
	32 
	56 
	88 
	120 
	152 

	1(2)
	32 
	56 
	120 
	176 
	208 
	256 

	2(4)
	56 
	120 
	208 
	256 
	328 
	392 

	3(6)
	88 
	176 
	256 
	392 
	504 
	600 

	4(8)
	120 
	256 
	392 
	504 
	680 
	- 


Table 5 Transport block size table for NB-PDSCH (dimension 5×6)
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0(0)
	- 
	- 
	16 
	32 
	48 
	64 
	76 
	92 
	100 
	116 

	1(2)
	- 
	24 
	60 
	76 
	92 
	116 
	136 
	152 
	176 
	200 

	2(4)
	16 
	48 
	92 
	116 
	152 
	192 
	232 
	264 
	304 
	336 

	3(6)
	32 
	76 
	116 
	184 
	240 
	288 
	344 
	392 
	456 
	504 

	4(8)
	48 
	116 
	184 
	256 
	328 
	392 
	472 
	536 
	616 
	680 


Proposal 5: It is suggested that TBS table for NB-PDSCH is derived by doubling RU numbers (NRU) per column in Release 11 TBS table.
In LTE Release 11, a single TBS is used for both PDSCH and PUSCH. In NB-IoT, it is preferred that MCS/TBS table of NB-PUSCH and MCS/TBS table of NB-PDSCH could be considered independently since the concern of downlink and uplink is different. 

Proposal 6: It is preferred that MCS/TBS table of NB-PUSCH and MCS/TBS table of NB-PDSCH could be considered independently.

3 Scrambling 

In case of NB-PDSCH codeword scheduled over m subframes, the scrambling sequence generator is initialized at start of the codeword, and start at each repetition, as shown in Figure 1. The Release 12 scrambling sequence initialization is used to calculate the initial value of the scrambling sequence.
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Figure 1 Scrambling for NB-PDSCH with repetition

Proposal 7: NB-PDSCH codeword scrambling sequence over m subframes is initialized at start of the codeword, and start at each repetition.

4 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. There are two repetition methods, as shown in Figure 2 and Figure 3, could be:
Option 1: 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.
Option 2: 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. 
It is preferred that the first method is used for NB-PDSCH since the first method is more suitable for symbol level combination.
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Figure 2 NB-PDSCH is repeated subframe by subframe
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Figure 3 NB-PDSCH is repeated TTI by TTI 
Proposal 8: 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 9: Explicit signaling is used to indicate actual 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:

Proposal 1: The first even {0, 2, 4, 6, 8} IMCS levels of Modulation, TBS index Table in Release 11 can be considered for NB-PDSCH.

Proposal 2: It is preferred that the concept of resource unit (RU) should be defined for NB-PDSCH and each RU corresponds with a PRB in LTE Release 12.
Proposal 3: The existing TBS in LTE Release 11 should be considered for NB-IoT. Furthermore, the first even ITBS levels {0, 2, 4, 6, 8} of TBS table in Release 11 can be considered only if NPRB is modified to NRU. 

Proposal 4: It is suggested that all Release 11 MCSs should be decreased half so that the code rate of the highest MCS level is slightly lower than 1/3.

Proposal 5: It is suggested that TBS table for NB-PDSCH is derived by doubling RU numbers (NRU) per column in Release 11 TBS table.
Proposal 6: It is preferred that MCS/TBS table of NB-PUSCH and MCS/TBS table of NB-PDSCH could be considered independently.

Proposal 7: NB-PDSCH codeword scrambling sequence over m subframes is initialized at start of the codeword, and start at each repetition.
Proposal 8: For NB-PDSCH repetition, NB-PDSCH is repeated subframe by subframe.
Proposal 9: Explicit signaling is used to indicate actual number of repetitions, and the determination of number of repetitions should be independent of the determination of TBS.
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Appendix A: TBS Simulation assumptions and results for Table 4
Table A1 Parameters of link simulation
	Parameter
	Value

	Scenario
	AWGN 

	Antenna configuration
	1Tx, 1Rx 

	TBS
	Refer to Table 4 TBS table 

	ITBS
	0, 1, 2, 3, 4 

	NRU
	1-6 

	Number of REs per RU
	104    (In-band) 
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FigureA-1a: Performance of TBS in Table 4 for 104 REs-per-RU case
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Figure A-1b: Required SNR of Table 4 for 104 REs-per-RU case @BLER=0.1

Table A2 Parameters of link simulation
	Parameter
	Value

	Scenario
	AWGN

	Antenna configuration
	1Tx, 1Rx

	TBS
	Refer to Table 4

	ITBS
	0, 1, 2, 3, 4

	NRU
	1-6

	Number of REs per RU
	116    (stand-alone or guard-band)


[image: image12.png]o

SNRB(ESINO)

o TBCC CodeLength=RE sl “Hodt

TBOC, CoseLeng=RES™N, Mo0U=116"42=028 _, TBOC, Codelength=RE SN, “Ho=116°62=1302

0 10 prrer -

SNREB(ESIND
5 TBCC CoseLengh=RES' Ny, Modu=11612:2=2784

BLER

‘SNRAB(ES/NO)

0 s % 4+ 2 0 2 0 K] - - ) 0
SNRABE S/NO) SNRAB(ES/NO)




Figure A-2a: Performance of TBS in Table 4 for 116REs-per-RU case
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Figure A-2b: Required SNR of Table 4 for 116 REs-per-RU case @BLER=0.1
Appendix B: TBS Simulation assumptions and results for Table 5
Table B1 Parameters of link simulation
	Parameter
	Value

	Scenario
	AWGN 

	Antenna configuration
	1Tx, 1Rx 

	TBS
	Refer to Table 5 TBS table 

	ITBS
	0, 1, 2, 3, 4 

	NRU
	1-10 

	Number of REs per RU
	104    (In-band) 
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FigureB-1a: Performance of TBS in Table 5 for 104REs-per-RU case
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                     Figure B-1b: Required SNR of Table 5 for 104 REs-per-RU case @BLER=0.1
Table B2 Parameters of link simulation
	Parameter
	Value

	Scenario
	AWGN

	Antenna configuration
	1Tx, 1Rx

	TBS
	Refer to Table 5

	ITBS
	0, 1, 2, 3, 4

	NRU
	1-10

	Number of REs per RU
	116    (stand-alone or guard-band)
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Figure B-2a: Performance of TBS in Table 5 for 116REs-per-RU case
[image: image19.png]=0.1

Required SNR(dB) @BLER:

16 REs per Ny





Figure B-2b: Required SNR of Table 5 for 116 REs-per-RU case @BLER=0.1





















































































































_1513448574.unknown

_1519106972.vsd
……



 m subframes


……



 m subframes



 m subframes



 m subframes


……


one TTI


……


……


……


……



 m subframes



 m subframes


……


……


……



 m subframes


……


Repetition


Z TTIs


Z TTIs


Z TTIs



_1519192791.vsd
……


one TTI



 m subframes


Repetition


……


……


……


……


……


……


……


……


……


……


……


……



 Z subframes



 Z subframes


Z TTIs 


Z TTIs 


Z TTIs 


……


scrambling sequence generator is initialised 


scrambling sequence generator is initialised 


scrambling sequence generator is initialised 


scrambling sequence generator is initialised 



_1519106518.vsd
……


one TTI



 m subframes


Repetition


……


……


……


……


……


……


……


……


……


……


……


……



 Z subframes



 Z subframes



 Z subframes


Z*m subframes


Z*m subframes


Z*m subframes



_1272273310.unknown

