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1 Introduction

In the RAN1 NB-IoT meeting, followings are agreed for UL transmission [1][2]:
	RAN1 NB-IoT adhoc agreements:
· 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

· Allow one TB scheduled over more than one resource units in time
· 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

· Periodic CSI and dedicated SR is not supported in Rel-13 NB-IoT

· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported
· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK
· FFS for the piggy back of SR


	RAN1#84 agreements:
· 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


In this contribution, we discuss remaining issues on NB-PUSCH designs. 
2 TBS for single tone transmission

2.1 TBS table and signaling for resource allocation

For NB-IoT, pi/2-BPSK and pi/4-QPSK are used for uplink single tone transmission. Also, the number of REs in single tone transmission in a resource unit is different from legacy LTE system. Therefore, MCS and TBS tables should be redesigned for single tone transmission in NB-PUSCH. One possible way is to consider spectral efficiency of each modulation methods. The simulation results of spectral efficiency are shown in Table 1 and Figure 1. 
Table 1. TBS considering BPSK/QPSK crossing point for single-tone uplink for NB-IoT
	TBS+CRC
	40
	48
	56
	64
	72
	80
	88
	96
	104
	112
	120
	128

	TBS
	16
	24
	32
	40
	48
	56
	64
	72
	80
	88
	96
	104

	SNR
	BPSK
	-1.1
	0.3
	0.7
	1.6
	2.5
	3.5
	4.9
	4.9
	4.9
	4.9
	4.9
	4.9

	
	QPSK
	0.1
	1
	1.6
	2.1
	2.9
	3.5
	4.2
	4.9
	5.4
	6.1
	6.7
	7.4

	Spectral efficiency
	BPSK
	0.167
	0.250
	0.333
	0.417
	0.500
	0.583
	0.667
	0.750
	0.833
	0.917
	1.000
	1.083

	
	QPSK
	0.167
	0.250
	0.333
	0.417
	0.500
	0.583
	0.667
	0.750
	0.833
	0.917
	1.000
	1.083

	Coding rate
	BPSK
	0.417
	0.500
	0.583
	0.667
	0.750
	0.833
	0.917
	1.000
	1.083
	1.167
	1.250
	1.333

	
	QPSK
	0.208
	0.250
	0.292
	0.333
	0.375
	0.417
	0.458
	0.500
	0.542
	0.583
	0.625
	0.667
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Figure 1 Spectral efficiency to SNR for modulations
As shown in simulation results, spectral efficiency of pi/2-BPSK modulation is higher when TBS is smaller than 56. Above 56, pi/4-QPSK shows better performance compare to pi/2-BPSK. From this result, we can determine modulation scheme for each TBS to enhance the spectral efficiency.
To design MCS table for single tone transmission, TBS table should be designed previously. As shown in Table 2, we can construct TBS table by reusing legacy TBS table as much as possible. 
Table 2. TBS table for single-tone uplink for NB-IoT
	ITBS
	NPRB

	
	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	88
	176
	256
	392
	504
	600

	7
	120
	224
	328
	472
	584
	712

	8
	136
	256
	392
	536
	680
	808

	9
	144
	296
	456
	616
	776
	963


According to the simulation result of spectral efficiency and TBS table, MCS table can be constructed in terms of spectral efficiency enhancement. As shown in Table 3, MCS indices 0~4 indicate pi/2 BPSK modulation, and the other indices indicate pi/4-QPSK modulation. To support a common MCS table beween single tone and multi tone case, Table 3 is proposed for MCS table. Based on simulation results in Table 1, suitable TBS indices are mapped to each MCS index. 
Table 3. Modulation and TBS index table for PUSCH

	MCS Index
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	Modulation Order
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	TBS Index
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	0
	1
	0

	1
	1
	1

	2
	1
	2

	3
	1
	3

	4
	1
	4

	5
	2
	0

	6
	2
	1

	7
	2
	2

	8
	2
	3

	9
	2
	4

	10
	2
	4

	11
	2
	5

	12
	2
	6

	13
	2
	7

	14
	2
	8


Proposal 1: Use Modulation and TBS index in Table 3.
3 Resource allocation
In terms of allocating single tone or multi-tone, to reduce the DCI size, it can be considered to semi-statically configure either single tone or multi tone. However, the number of subcarrier index can be different between 3.75 and 15 kHz carrier spacing. Once a UE is configured with 3.75 kHz, unless, reconfigured with 15 kHz via RACH procedure, it will be configured with only single tone transmission. If a UE is configured with 15 kHz, it can be assumed that a UE can be scheduled with either single or multi tone transmission. As totally 48 entries are necessary for 3.75 kHz subcarrier spacing for resource allocation for frequency resource, it is also desirable to utilize 48 entries for 15 kHz case as well for the common DCI between different subcarrier size. 

In that sense, full flexibility in 15 kHz subcarrier spacing can be considered where the following entries can be signalled for frequency resource. 

· 0 – 11: single tone transmission with subcarrier index from 0 to 11

· 12 – 20: 3 tone transmission with starting subcarrier index from 0 to 9

· 21 – 27: 6 tone transmission with staring subcarrier index from 0 to 6

· 28: 12 tone transmission

In that sense, we consider that both single/multi tone transmission and starting index can be indicated for 15 kHz subcarrier spacing case, and only subcarrier index is signalled with 3.75 kHz subcarrier spacing case. 
In terms of gap configuration between NB-PDCCH and NB-PUSCH, we consider it is desirable to align PUSCH transmission among different UEs. In that sense, we propose to configure or prefix a starting subframe set where NB-PUSCH transmission can start. If starting subframe set is configured with periodicity, in terms of a gap signalling from DCI, it can signal multiple of the starting subframe periodicity instead of absolute gap between two channels to reduce the overhead. For a simplicity, the starting subframe periodicity can be {8, 16, 32, ..}. 

Proposal 2: UL grant indicates single or multi tone transmission and starting subcarrier index with 15 kHz subcarrier spacing. UL grant indicates subcarrier index with 3.75 kHz subcarrier spacing. 

Proposal 3: A set of starting subframe for NB-PUSCH is introduced. 

4 Miscellaneous issues
Frequency hopping can be used for PUSCH in NB-IoT system. Likewise the legacy LTE system, frequency hopping can be used for frequency diversity in NB-IoT. Furthermore, it can be used for inter-cell interference randomization. Cell specific frequency hopping pattern can be used to randomize the inter-cell interference.

 Proposal 4: Cell specific frequency hopping pattern can be used for inter cell interference randomization.

One of the FFS point regarding protection of legacy SRS, we consider that a UE with 15 kHz subcarrier spacing can be indicated with legacy SRS configuration such that it can avoid collision with legacy SRS transmission. The UE can perform puncturing on legacy SRS intended OFDM symbols. 

Proposal 5: Indication of legacy SRS configuration is given to at least UEs with 15 kHz subcarrier spacing.

5 Conclusion 

This contribution discusses a few aspects related to uplink design for NB-IoT. The following capture our proposals.
Proposal 1: Semi-static configuration of the number of tones used in PUSCH transmission is assumed. 
Proposal 2: Cell specific frequency hopping pattern can be used for inter cell interference randomization.
Proposal 2: UL grant indicates single or multi tone transmission and starting subcarrier index with 15 kHz subcarrier spacing. UL grant indicates subcarrier index with 3.75 kHz subcarrier spacing. 

Proposal 3: A set of starting subframe for NB-PUSCH is introduced.
Proposal 4: Cell specific frequency hopping pattern can be used for inter cell interference randomization.

Proposal 5: Indication of legacy SRS configuration is given to at least UEs with 15 kHz subcarrier spacing.
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