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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1 NB-IoT Ad-Hoc, it was agreed that (see [1]):
· One resource unit schedulable in PUSCH transmission for the data consists 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
· UL multi-tone transmission for the data with 12 tones is supported
· UL multi-tone transmission for the data also supports followings of numbers of multiple 
· {3} with 4 msec resource unit size
· {6} with 2 msec resource unit size
· For 15kHz subcarrier spacing, OFDM/SC-FDMA symbol boundary is no change from LTE 
· At least for FDD with the normal CP case,
· For 3.75kHz subcarrier spacing of uplink, 
· Define a 2ms NB-slot, there are 7 symbols. 
· One symbol consists of [FFS] Ts of symbol with CP length of [FFS] Ts assuming Ts=1/1.92MHz. Editor will take care how to capture Ts value in the spec.
· The above symbols are located from the beginning of 2ms period. FFS the usage of the remaining time in the NB-slot if there is the remaining time
· The 2ms NB-slot boundary is aligned with LTE subframe boundary. FFS among odd only or even only or to support both even/odd
· FFS on collision of LTE SRS for in band mode 
· Opt 1: eNB scheduling or implementation
· Opt 2: puncture/rate matching of 3.75kHz transmission to avoid the collision 
· Opt 3: define a GP to avoid potential collision
· Note combination of above options can also be considered. 
· When single-tone is allocated, Pi/4-QPSK and Pi/2-BPSK are supported
· FFS: How rotation is realized
· FFS: Phase rotation for RS(s)
· When multi-tone is allocated, QPSK is supported
· FFS: TPSK, 8-BPSK
This document provides some further design considerations for NB-PUSCH.
Reference signal
[bookmark: OLE_LINK16]In LTE, DMRS is used to acquire and track channel response for PUSCH. It is interesting to understand whether the same design can also apply in NB-IoT, and whether the DMRS density in LTE is sufficient for the support of the 164 dB MCL target for the 15 kHz subcarrier spacing option of NB-PUSCH.
Simulations were performed to investigate the link level performance of NB-PUSCH assuming different DMRS densities with simulation assumptions in Annex A, and the results are shown in Figure 1 of Annex B. It can be seen that by increasing the DMRS density from 1 symbol per slot (i.e. the same as in LTE) to 2 symbols per slot, the BLER performance is only improved by 0.5 dB for TU 1 Hz channel and 0.6 dB for TU 100 Hz channel. The gain cannot even compensate the loss due to the decrease of data symbol density from 6 to 5 per slot, i.e. 10*log10(5/6)=-0.8 dB.
In fact, as shown in Table 7:, the MCL target of 164 dB is comfortably met for NB-PUSCH by reusing the LTE DMRS density. Hence it is proposed to reuse the LTE uplink DMRS pattern for the 15 kHz subcarrier spacing option of NB-PUSCH.
For the 3.75 kHz subcarrier spacing option, it was agreed that there are 7 symbols in a 2ms NB-slot [2]. Similar pattern as LTE DMRS can be used for NB-DMRS, i.e. the third or the fifth symbol of every 7 symbols as NB-DMRS. The little difference from LTE DMRS is to avoid the possible collision between NB-DMRS and LTE SRS, see [2].
Proposal 1: For NB-PUSCH with 15 kHz subcarrier spacing, the same DMRS pattern as in LTE uplink is reused (i.e. the middle symbol of every 7 symbols is used as uplink NB-DMRS).
Proposal 2: For NB-PUSCH with 3.75 kHz subcarrier spacing, the third or the fifth symbol of every 7 symbols is allocated to NB-DMRS.
Modulation
In RAN1 NB-IoT Ad hoc #1, it was agreed that Pi/4-QPSK and Pi/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 3: For symbol n (n = 0, 1, 2, …) of a single-tone NB-PUSCH transmission using pi/4-QPSK modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the unrotated constellation point (as defined in Table 7.1.2-1 of TS 36.211) by exp(+j*n*pi/4).
Proposal 4: For symbol n (n = 0, 1, 2, …) of a single-tone NB-PUSCH transmission using pi/2-BPSK modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the unrotated constellation point (as defined in Table 7.1.1-1 of TS 36.211) by exp(+j*n*pi/2).
Since the BPSK constellation points are a subset of the QPSK constellation points, BPSK can be used as the modulation for NB-DMRS symbols (prior to phase rotation) regardless of whether the modulation for data symbols (prior to phase rotation) is BPSK or QPSK, without introducing any adverse impact on PAPR. The NB-DMRS sequence can be generated using the Gold sequence generator in LTE.
Proposal 5: For single-tone transmission of NB-PUSCH, the modulation for NB-DMRS symbols, prior to phase rotation, is BPSK.
Proposal 6: For single-tone transmission of NB-PUSCH, the NB-DMRS sequence is generated using the Gold sequence generator defined in sub-clause 7.2 of TS 36.211.

Coding and rate matching
[bookmark: _Ref129681832]The Turbo coding and rate matching schemes in LTE is proposed to be reused for NB-PUSCH, because it provides significantly higher coding gain than convolutional coding. Although the decoding complexity of turbo coding is higher than that of convolutional coding, the decoding is performed at the base station and the complexity is considered acceptable.
Proposal 7: Turbo coding and rate matching in LTE is reused for NB-PUSCH.
To minimize the downlink signaling overhead, it is suggested that only two RVs are supported for NB-PUSCH.
Proposal 8: Two redundancy versions are supported for NB-PUSCH.
As agreed in RAN2#91bis, “1 HARQ process for dedicated transmissions (1 for UL and 1 for DL)” is supported [4]. Therefore, RAN1 should design according to this agreement. Due to the wide variation of the transmission duration between different coverage levels, it is hard to fix the time interval between first transmission and re-transmission. Consequently, asynchronous HARQ is proposed. For more discussion of this, see [5].
Proposal 9: Single process HARQ for NB-PUSCH is realized by adaptive and asynchronous transmission.
MCS and TBS
Single-tone transmission
For single-tone NB-PUSCH transmission, it was agreed that Pi/2-BPSK and Pi/4-QPSK are supported. As Pi/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 Pi/4-QPSK, considering the measurement in NB-IoT is less accurate than that in LTE, the MCS table for NB-IoT needs to only reuse the even MCS indices for QPSK for LTE PUSCH. The MCS index can be comprised of 3 bits to indicate 5 levels with RV index 0 and 3 levels with RV index 2. 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 10: For single-tone transmission of NB-PUSCH with Pi/4-QPSK modulation, MCS indices 2, 4, 6 and 8 in Table 8.6.1-1 of TS 36.213 are reused.
Proposal 11: For single-tone transmission of NB-PUSCH with Pi/2-BPSK modulation, a new MCS with index 0 is introduced.
Proposal 12: 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 an appropriately restricted TBS limit.
[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
	-
	-

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

	

	


	
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0 (01)
	288
	328
	344
	376
	392
	424
	456
	488
	504
	536

	1 (21)
	472
	520
	568
	616
	648
	696
	744
	776
	840
	872

	2 (41)
	776
	840
	-
	-
	-
	-
	-
	-
	-
	-

	

	


	
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	0 (01)
	568
	600
	616
	648
	680
	712
	744
	776
	776
	808

	1 (21)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	

	


	
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	0 (01)
	840
	872
	-
	-
	-
	-
	-
	-
	-
	-


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 13: 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 14: 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 an appropriately restricted TBS limit.
[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
	-
	-
	-
	-

	

	


	
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0 (01)
	288
	328
	344
	376
	392
	424
	456
	488
	504
	536

	1 (21)
	472
	520
	568
	616
	648
	696
	744
	776
	840
	872

	2 (41)
	776
	840
	-
	-
	-
	-
	-
	-
	-
	-

	

	


	
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	0 (01)
	568
	600
	616
	648
	680
	712
	744
	776
	776
	808

	

	


	
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	0 (01)
	840
	872
	-
	-
	-
	-
	-
	-
	-
	-


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

Repetitions
Repetitions are proposed to be applied at TTI level. 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.
Proposal 15: 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 NB-PUSCH with 15 kHz subcarrier spacing, the same DMRS pattern as in LTE uplink is reused (i.e. the middle symbol of every 7 symbols is used as uplink NB-DMRS).
Proposal 2: For NB-PUSCH with 3.75 kHz subcarrier spacing, the third or the fifth symbol of every 7 symbols is allocated to NB-DMRS.
Proposal 3: For symbol n (n = 0, 1, 2, …) of a single-tone NB-PUSCH transmission using pi/4-QPSK modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the unrotated constellation point (as defined in Table 7.1.2-1 of TS 36.211) by exp(+j*n*pi/4).
Proposal 4: For symbol n (n = 0, 1, 2, …) of a single-tone NB-PUSCH transmission using pi/2-BPSK modulation, the phase rotated constellation point for both data and NB-DMRS symbols is obtained by multiplying the unrotated constellation point (as defined in Table 7.1.1-1 of TS 36.211) by exp(+j*n*pi/2).
Proposal 5: For single-tone transmission of NB-PUSCH, the modulation for NB-DMRS symbols, prior to phase rotation, is BPSK.
Proposal 6: For single-tone transmission of NB-PUSCH, the NB-DMRS sequence is generated using the Gold sequence generator defined in sub-clause 7.2 of TS 36.211.
Proposal 7: Turbo coding and rate matching in LTE is reused for NB-PUSCH.
Proposal 8: Two redundancy versions are supported for NB-PUSCH.
Proposal 9: Single process HARQ for NB-PUSCH is realized by adaptive and asynchronous transmission.
Proposal 10: For single-tone transmission of NB-PUSCH with Pi/4-QPSK modulation, MCS indices 2, 4, 6 and 8 in Table 8.6.1-1 of TS 36.213 are reused.
Proposal 11: For single-tone transmission of NB-PUSCH with Pi/2-BPSK modulation, a new MCS with index 0 is introduced.
Proposal 12: 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 an appropriately restricted TBS limit.
Proposal 13: 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 14: 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 an appropriately restricted TBS limit.
Proposal 15: 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

[bookmark: _Ref439779872]Table 5:: Simulation assumptions
	Parameter
	Value

	System bandwidth
	180 kHz

	Carrier frequency
	900 MHz

	Antenna configuration
	1T2R

	Channel model
	TU 1Hz/100Hz

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

	Frenquency error(F_est_error)
	Randomly chosen from the set {-50, 50} Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Timing error
	Randomly distributed between [-2.6, 2.6] us

	HARQ
	Not enabled

	Performance target
	10% BLER

	Channel estimation
	Realistic cross-subframe channel estimation

	Subcarrier bandwidth (kHz)
	3.75, 15

	Number of subcarriers
	1

	Modulation
	QPSK

	Coding
	Turbo rate-1/3

	Repetition
	8 for 3.75 kHz subcarrier spacing, 32 for 15 kHz subcarrier spacing

	Packet Length (bits)
	800



Annex B [bookmark: _Ref439966182]BLER performance for different DMRS densities

[image: ]
[bookmark: _Ref439966166]Figure 1: BLER performance for different DMRS densities

Annex C [bookmark: _Ref439968858]BLER performance for QPSK

[image: ]
[bookmark: _Ref439780151]Figure 2: BLER performance for QPSK

[bookmark: _Ref439966632]Table 7: MCL calculation for uplink data channel
	
	PUSCH
single-tone(3.75kHz)
	PUSCH
single-tone(15kHz)

	
	UL-SCH
	UL-SCH

	
	TU 1Hz
	TU 100Hz
	TU 1Hz
	TU 100Hz

	Transmitter
	
	
	
	

	(1) Total Tx power (dBm)
	23
	23
	23
	23

	Receiver
	
	
	
	

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

	(3) Receiver noise figure (dB)
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3750
	3750
	15000
	15000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5)) (dBm)
	-135.3
	-135.3
	-135.3
	-135.3

	(7) Required SINR (dB)
	-8.0
	-5.9
	-12.7
	-12.5

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-143.3
	-141.2
	-129.2
	-129.2

	(9) Rx processing gain (dB)
	0
	0
	0
	0

	Maximum coupling loss
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	166.3
	164.2
	164.9
	164.7

	Data rate at the SAP to the SNDCP (kbps) 
	0.21
	0.21
	0.21
	0.21
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