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At RAN1#84, it was agreed that (see [1]):
· Adaptive HARQ is supported for uplink.
· The HARQ re-transmissions in the uplink are asynchronous. 
· PHICH is not supported for NB-PUSCH
· Working Assumption:  
· Maximum UL TBS supported for NB-IoT is not greater than 1000 bits (exact value FFS)
· For 3.75kHz subcarrier spacing of uplink with normal CP, 
· One NB-IoT symbol consists of 528Ts of symbol with CP length of 16Ts assuming Ts=1/1.92MHz. 
· Besides the seven symbols located from the beginning of 2ms period, the remaining time (144Ts) is used as a guard period to minimize the collision between NB-IoT symbols and LTE SRS
This document provides some further design considerations for NB-PUSCH.
Modulation
In RAN1 NB-IoT Ad hoc #1, it was agreed that π/4-QPSK and π/2-BPSK are supported for single-tone NB-PUSCH transmission. Phase rotation is helpful to reduce PAPR and out-of-band emission for single-tone transmission. To obtain the benefits, phase rotation should be implemented in a contiguous way at symbol level including both data symbol and NB-DMRS symbol.
Proposal 1: For symbol n (n = 0, 1, 2, …) of a single-tone NB-PUSCH transmission using π/4-QPSK modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the un-rotated constellation point (as defined in Table 7.1.2-1 of TS 36.211) by exp(+j*n*π/4).
Proposal 2: For symbol n (n = 0, 1, 2, …) of a single-tone NB-PUSCH transmission using π/2-BPSK modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the un-rotated constellation point (as defined in Table 7.1.1-1 of TS 36.211) by exp(+j*n*π/2).
And as highlighted in [3], the single-tone waveform generation should ensure that the expected phase transitions occur at the boundary between the end of one symbol and the start of the CP of the next symbol.
Proposal 3: For single-tone modulation, the waveform generation should ensure that the phase transitions at symbol boundaries (i.e. between the end of one symbol and the start of the CP of the next symbol) match those defined by the used modulation scheme, i.e., ±π/2 for π/2-BPSK, and ±π/4 or ±3π/4 for π/4-QPSK.
The modulation for NB-DMRS symbols (prior to phase rotation) can be the same as that for data symbols (prior to phase rotation). The NB-DMRS sequence can be generated using the Gold sequence generator in LTE.
Proposal 4: For single-tone transmission of NB-PUSCH, the modulation for NB-DMRS symbols, prior to phase rotation, is BPSK if the modulation for data is π/2 BPSK and QPSK if the modulation for data is π/4 QPSK.
Proposal 5: For single-tone transmission of NB-PUSCH, the NB-DMRS sequence is generated using the Gold sequence generator defined in section 7.2 of TS 36.211.
[bookmark: _Ref129681832]Scrambling
For single-tone NB-PUSCH transmission, and for multi-tone NB-PUSCH transmission with the codeword mapped to more than one subframe, scrambling sequence initialization for NB-PUSCH can follow the agreement for NB-PDSCH, i.e. the scrambling sequence generator is initialized at the start of each codeword and at the start of each repetition cycle. 
For multi-tone NB-PUSCH transmission with the codeword mapped to a single subframe, similar to our proposal in [2] for NB-PDSCH, it is proposed to initialize the scrambling sequence every other NB-PUSCH subframe, to allow coherent combining at the receiver without compromising the interference randomization effect brought by scrambling.
Proposal 6: For single-tone NB-PUSCH transmission, and for multi-tone NB-PUSCH transmission with the codeword mapped to more than one subframe, the scrambling sequence generator is initialized at the start of each codeword and at the start of each repetition cycle.
Proposal 7: For multi-tone NB-PUSCH transmission with the codeword mapped to a single subframe, the scrambling sequence generator is initialized every other NB-PUSCH subframe.
MCS and TBS
Redundancy version
To minimize the downlink signaling overhead, it is suggested that only two RVs are supported for NB-PUSCH.
Proposal 8: Two redundancy versions, RV0 and RV2 from LTE, are supported for NB-PUSCH.
Single-tone transmission
For single-tone NB-PUSCH transmission, it was agreed that π/2-BPSK and π/4-QPSK are supported. As π/2-BPSK is expected to be used mostly for extreme coverage, it is suggested that only one MCS level (i.e. MCS 0) with low code rate is designed for it. For π/4-QPSK, considering the measurement in NB-IoT is less accurate than that in LTE, the MCS table for NB-IoT can reuse only the even MCS indices for QPSK for LTE PUSCH. Three bits can be used for the MCS index to indicate 5 levels with RV0, and 3 levels with RV2. The overall modulation and TBS index table is shown in Table 1. The corresponding TBS indices (i.e. 0, 2, 4, 6, 8) in Table 8.6.1-1 of TS 36.213 are also reused.
Table 7.1.7.2.1-1 in TS 36.213 with ITBS=0, 2, 4, 6, and 8 are reused but with the restriction that the TBS is not larger than 1000 bits, see Table 2.
Proposal 9: For single-tone transmission of NB-PUSCH with π/4-QPSK modulation, MCS indices 2, 4, 6 and 8 in Table 8.6.1-1 of TS 36.213 are reused.
Proposal 10: For single-tone transmission of NB-PUSCH with π/2-BPSK modulation, a new MCS with index 0 is introduced.
Proposal 11: For single-tone transmission of NB-PUSCH, TBS indices 0, 2, 4, 6 and 8 in Table 7.1.7.2.1-1 of TS 36.213 are reused with the TBS limited to 1000 bits and NPRB replaced by NRU.





[bookmark: _Ref441911216]Table 1: Modulation and TBS index table for single tone transmission of NB-PUSCH
	
MCS Index

	
Modulation Order

	
TBS Index

	Redundancy Version
rvidx

	0
	1
	0
	0

	1 (21)
	2
	1 (22)
	0

	2 (41)
	2
	2 (42)
	0

	3 (61)
	2
	3 (62)
	0

	4 (81)
	2
	4 (82)
	0

	5 (41)
	2
	2 (42)
	2

	6 (61)
	2
	3 (62)
	2

	7 (81)
	2
	4 (82)
	2


 (01)es 0, 2, 4, 6, and 8 0, 2, 4, 6, and 8)lso reused.alNote 1: IMCS in Table 8.6.1-1 of TS 36.213.
Note 2: ITBS in Table 8.6.1-1 of TS 36.213.

[bookmark: _Ref441849476]Table 2: TBS table for single-tone transmission of NB-PUSCH
	

	


	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0 (01)
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1 (21)
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	2 (41)
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	3 (61)
	88
	176
	256
	392
	504
	600
	712
	808
	936
	-

	4 (81)
	120
	256
	392
	536
	680
	808
	968
	-
	-
	-

	

	


	
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0 (01)
	288
	328
	344
	376
	392
	424
	-
	-
	-
	-

	1 (21)
	472
	520
	568
	616
	648
	696
	-
	-
	-
	-

	2 (41)
	776
	840
	904
	1000
	-
	-
	-
	-
	-
	-


Note 1: ITBS in Table 7.1.7.2.1-1 of TS 36.213.

Multi-tone transmission
For multi-tone NB-PUSCH transmission, similarly, the even MCS indices and the corresponding TBS indices for QPSK for LTE PUSCH are reused, as shown in Table 3. This can be revisited if other modulation scheme(s) are introduced for multi-tone.
[bookmark: _Ref442433803]Table 3: Modulation and TBS index table for multi-tone transmission of NB-PUSCH
	
MCS Index

	
Modulation Order

	
TBS Index

	Redundancy Version
rvidx

	0 (01)
	2
	0 (02)
	0

	1 (21)
	2
	1 (22)
	0

	2 (41)
	2
	2 (42)
	0

	3 (61)
	2
	3 (62)
	0

	4 (81)
	2
	4 (82)
	0

	5 (41)
	2
	2 (42)
	2

	6 (61)
	2
	3 (62)
	2

	7 (81)
	2
	4 (82)
	2


 (01)es 0, 2, 4, 6, and 8 0, 2, 4, 6, and 8)lso reused.alNote 1: IMCS in Table 8.6.1-1 of TS 36.213.
Note 2: ITBS in Table 8.6.1-1 of TS 36.213.

Since the number of REs in one resource unit for NB-PUSCH is the same as that in a LTE PRB, the even TBS indices in the TBS table for LTE PUSCH can also be fully reused, as shown in Table 4.
Proposal 12: For multi-tone transmission of NB-PUSCH, MCS indices 0, 2, 4, 6 and 8 in Table 8.6.1-1 of TS 36.213 are reused.
Proposal 13: For multi-tone transmission of NB-PUSCH, TBS indices 0, 2, 4, 6 and 8 in Table 7.1.7.2.1-1 of TS 36.213 are reused with the TBS limited to 1000 bits and NPRB replaced by NRU.
[bookmark: _Ref441852671]Table 4: TBS table for multi-tone transmission of NB-PUSCH
	

	


	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0 (01)
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1 (21)
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	2 (41)
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	3 (61)
	88
	176
	256
	392
	504
	600
	712
	808
	936
	-

	4 (81)
	120
	256
	392
	536
	680
	808
	968
	-
	-
	-

	

	


	
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0 (01)
	288
	328
	344
	376
	392
	424
	-
	-
	-
	-

	1 (21)
	472
	520
	568
	616
	648
	696
	-
	-
	-
	-

	2 (41)
	776
	840
	904
	1000
	-
	-
	-
	-
	-
	-


Note 1: ITBS in Table 7.1.7.2.1-1 of TS 36.213.
As a consequence of these TBS tables, we also propose to confirm the working assumption and fix the maximum supported TBS for NB-PUSCH to 1000 bits.
Proposal 14: The maximum supported TBS for NB-PUSCH is 1000 bits.

Repetitions
Repetitions are proposed to be applied at TTI level. 
The link level simulation results of NB-PUSCH for in-band operation are shown in Figure 1, with simulation assumptions shown in Annex A. It is seen that 64 repetitions are required to achieve 164 dB MCL. Allowing a typical 3 dB implementation margin, 128 repetitions are required to achieve 167 dB MCL. Hence the proposed options for the number of repetitions for NB-PUSCH are {1, 2, 4, 8, 16, 32, 64, 128}. DCI can indicate directly from this set, with no need for a higher layer configuration.
[image: ]
[bookmark: _Ref445450302]Figure 1: Performance of NB-PUSCH (single-tone, 15kHz subcarrier spacing)


Proposal 15: For NB-PUSCH, repetitions are applied at TTI level.
Proposal 16: The number of repetitions for a NB-PUSCH transmission is selected from {1, 2, 4, 8, 16, 32, 64, 128}.
Conclusions
In this contribution, design considerations for NB-PUSCH are described with following proposals:
Proposal 1: For symbol n (n = 0, 1, 2, …) of a single-tone NB-PUSCH transmission using π/4-QPSK modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the un-rotated constellation point (as defined in Table 7.1.2-1 of TS 36.211) by exp(+j*n*π/4).
Proposal 2: For symbol n (n = 0, 1, 2, …) of a single-tone NB-PUSCH transmission using π/2-BPSK modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the un-rotated constellation point (as defined in Table 7.1.1-1 of TS 36.211) by exp(+j*n*π/2).
Proposal 3: For single-tone modulation, the waveform generation should ensure that the phase transitions at symbol boundaries (i.e. between the end of one symbol and the start of the CP of the next symbol) match those defined by the used modulation scheme, i.e., ±π/2 for π/2-BPSK, and ±π/4 or ±3π/4 for π/4-QPSK.
Proposal 4: For single-tone transmission of NB-PUSCH, the modulation for NB-DMRS symbols, prior to phase rotation, is BPSK if the modulation for data is π/2 BPSK and QPSK if the modulation for data is π/4 QPSK.
Proposal 5: For single-tone transmission of NB-PUSCH, the NB-DMRS sequence is generated using the Gold sequence generator defined in section 7.2 of TS 36.211.
Proposal 6: For single-tone NB-PUSCH transmission, and for multi-tone NB-PUSCH transmission with the codeword mapped to more than one subframe, the scrambling sequence generator is initialized at the start of each codeword and at the start of each repetition cycle.
Proposal 7: For multi-tone NB-PUSCH transmission with the codeword mapped to a single subframe, the scrambling sequence generator is initialized every other NB-PUSCH subframe.
Proposal 8: Two redundancy versions, RV0 and RV2 from LTE, are supported for NB-PUSCH.
Proposal 9: For single-tone transmission of NB-PUSCH with π/4-QPSK modulation, MCS indices 2, 4, 6 and 8 in Table 8.6.1-1 of TS 36.213 are reused.
Proposal 10: For single-tone transmission of NB-PUSCH with π/2-BPSK modulation, a new MCS with index 0 is introduced.
Proposal 11: For single-tone transmission of NB-PUSCH, TBS indices 0, 2, 4, 6 and 8 in Table 7.1.7.2.1-1 of TS 36.213 are reused with the TBS limited to 1000 bits and NPRB replaced by NRU.
Proposal 12: For multi-tone transmission of NB-PUSCH, MCS indices 0, 2, 4, 6 and 8 in Table 8.6.1-1 of TS 36.213 are reused.
Proposal 13: For multi-tone transmission of NB-PUSCH, TBS indices 0, 2, 4, 6 and 8 in Table 7.1.7.2.1-1 of TS 36.213 are reused with the TBS limited to 1000 bits and NPRB replaced by NRU.
Proposal 14: The maximum supported TBS for NB-PUSCH is 1000 bits.
Proposal 15: For NB-PUSCH, repetitions are applied at TTI level.
Proposal 16: The number of repetitions for a NB-PUSCH transmission is selected from {1, 2, 4, 8, 16, 32, 64, 128}.
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Annex A [bookmark: _Ref438890703]Simulation assumptions

Table 5: Simulation assumptions
	Parameter
	Value

	System bandwidth
	180 kHz

	Carrier frequency
	900 MHz

	Antenna configuration
	1T2R

	Channel model
	TU 1Hz

	Frenquency error
	F_offset(t) = F_est_error + (F_drift_active * t) 

	Frenquency error(F_est_error)
	Randomly chosen from two values: -50 Hz and 50 Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Timing error
	Randomly chosen from two values: -2.6 us and 2.6 us

	HARQ
	Not enabled

	Performance target
	10% BLER

	Channel estimation
	Realistic cross-subframe channel estimation

	Subcarrier bandwidth (kHz)
	15

	Number of subcarriers
	1

	Modulation
	QPSK

	Coding
	Turbo
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