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1 Introduction
In RAN1#ad-hoc meeting, followings are agreed for UL transmission [1]:

	Agreement: 

· 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


In this contribution, we discuss PUSCH design for NB-IoT. 

2 Discussion
2.1 DM-RS sequence design
In the legacy LTE system, each cell has its own DM-RS base sequence and sequence group can be generated from the base sequence. However, when the single tone transmission is used, the legacy frequency domain DM-RS sequence cannot be used. To overcome this problem, it is considerable to use DM-RS sequence on time domain instead of frequency domain one. In this method, symbols of DM-RS sequence are allocated to the distributed DM-RS symbol positions in a resource unit. Then eNodeB can capture its own DM-RS sequence from the correlation property of DM-RS sequence. Likes the legacy DM-RS sequence, DM-RS sequence on time domain should have good correlation properties to distinguish its own DM-RS sequence from other cell interference. Though utilizing legacy DM-RS can be considered, some changes may be necessary. For example, depending on the resource unit size or the size of DM-RS sequence over time-domain, DM-RS sequence length may be changed. Also, we can design new DM-RS sequence to satisfy requirements of uplink NB-IoT. For example, we have to consider PAPR/CM performance to improve power efficiency of UEs. 
Zadoff-chu sequence is not suitable for single tone NB-PUSCH transmission due to the short sequence length. Moreover, unlike the legacy DM-RS sequence, constant envelope property is not an important in single tone transmission case. Instead of this, one possible method is to use computer generated BPSK and/or QPSK RS sequence. Also, if PAPR should be reduced as much as possible, we should apply phase rotation scheme to reduce the PAPR/CM value which is used for single tone uplink data transmission. If we do not apply phase rotation at DM-RS symbol, worst case PAPR/CM can be occurred at symbol boundary between data and DM-RS symbol.
Proposal 1: If PAPR should be minimized as much as possible, consider using BPSK and QPSK based DM-RS sequence for NB-PUSCH for π/2-BPSK and π/4-QPSK respectively. 

Proposal 2: If PAPR should be minimized as much as possible, use phase rotation on DM-RS symbol to reduce PAPR/CM.

2.2 Phase rotation for data and DM-RS symbol
According to the agreement, uplink NB-IoT supports π/2-BPSK and π/4-QPSK to reduce PAPR/CM when single tone is allocated. As we mention in previous section, phase rotation may need to be applied to DM-RS symbol to reduce PAPR/CM values. In this case, symbol level phase rotation can be applied, and its constellation point is determined by its symbol index number in the subframe. Therefore, DM-RS sequence can be affected by its position in the subframe. To support phase rotation on DM-RS symbol, it should preserve its correlation property.  In legacy LTE system, there are two DM-RS symbols, one has even number of DM-RS symbol index and the other one has odd number. These two DM-RS symbols have different constellation point, and it affects the correlation property of DM-RS sequence. To preserve correlation property of DM-RS symbol, it should have a same constellation point. So, it is desired to redesign the DM-RS symbol position.
Another issue of DM-RS symbol position is coexistence with legacy LTE system in in-band operation scenario. In this case, SRS symbol position should be considered to guarantee legacy LTE system operation. If we use 3.75kHz subcarrier spacing and use legacy LTE DM-RS position, DM-RS symbols of NB-IoT collide with SRS symbol of legacy LTE. 

So, it is desired to design new DM-RS symbol position to avoid collision and to preserve characteristics of DM-RS sequence. One possible method is to use 2nd and 8th symbol in a subframe for DM-RS symbols. 
Proposal 3: Use 2nd and 8th symbol in a subframe for DM-RS symbols.
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If we support 4 DM-RS symbols for coverage extension, we can use 3rd and 9th symbol additionally for DM-RS symbol position. In this case, another DM-RS sequence should be used to align constellation of DM-RS symbols in one DM-RS sequence. 
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2.3 Number of DM-RS symbols and DM-RS sequence length
The number of DM-RS symbols can be increased to enhance the channel estimation accuracy to support extreme coverage UEs. 
Accurate channel estimation can increase detection performance. We can use DM-RS symbol combining on time domain to enhance the channel estimation accuracy. Larger number of DM-RS symbol can increase the channel estimation accuracy. However, increase of the number of DM-RS symbol can affects the codding rate which can degrade detection performance. So, it is desired to find suitable number of DM-RS symbols. 
Another issue is symbol combining length of DM-RS sequence. During the period of DM-RS symbol combining, channel estimation results cannot represent time varying property of the channel. In uplink transmission, frequency error should be considered to accomplish the accurate channel estimation. Therefore, it is desired to find suitable symbol combining level. 

In this section, we show the evaluation results on the FER performance to find suitable number of DM-RS symbol and DM-RS symbol combining level. The simulation assumptions are summarized in Table 1.

Table 1. Simulation assumption

	Parameter
	Value

	Carrier Frequency
	900 MHz

	Channel Model
	TU1 

	TB size
	64

	# of DM-RS symbols
	2 / 4 / 6

	DM-RS symbol combining level
	2 / 4 / 8 subframes

	Subcarrier Spacing
	3.75kHz / 15 kHz

	# of repetition
	20(3.75kHz) / 10(15kHz)

	Target MCL value
	164 dB

	Antenna Configuration
	1 Tx, 2 Rx

	Timing error
	-

	Frequency error
	Randomly selected value from [-50Hz, 50 KHz]


Figure 3 shows FER performances with 15kHz subcarrier spacing with 2, 4, and 8 subframes of DM-RS symbol combining level. The number of DM-RS symbol is 2. 
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Figure 3 15kHz subcarrier spacing, 2 DM-RS symbols
As shown in Figure 3, FER performances of 4 and 8 subframes DM-RS symbol combining are better than 2 subframes DM-RS symbol combining. In this case, it is preferable to use 8 subframes DM-RS symbol combining to increase length of the DM-RS sequence.
Figure 4 shows the FER performance with 15kHz subcarrier spacing with 2,4, and 6 DM-RS symbols. DM-RS symbol combining level is 8 subframes. 
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Figure 4 15kHz subcarrier spacing, 8 subframes DM-RS symbol combining
In this figure, FER performances of 2 and 4 DM-RS symbols are better than 6 DM-RS symbols. Therefore, we do not need to increase DM-RS symbols in a subframe.

Proposal 4: In case of 15kHz subcarrier spacing, 2 DM-RS symbols and 8 subframe DM-RS symbol combining can be used.
FER performances of 3.75kHz subcarrier spacing with 2 DM-RS symbols is shown in Figure 5. DM-RS symbol combining level is 2, 4, and 8 subframes.
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Figure 5 3.75kHz subcarrier spacing, 2 DM-RS symbols
As shown in Figure 5, 2 subframes DM-RS symbol combining is outperforms the other combining levels. Therefore, it is preferable to use shorter DM-RS symbol combining to enhance the channel estimation accuracy.
Figure 6 shows the FER performance with 3.75kHz subcarrier spacing with 2,4, and 6 DM-RS symbols. DM-RS symbol combining level is 2 subframes.
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Figure 6 3.75kHz subcarrier spacing, 2 subframes DM-RS symbol combining
In this figure, 4 DM-RS symbols shows the best performs. 
Proposal 5: In case of 3.75kHz subcarrier spacing, 4 DM-RS symbols and 2 subframe DM-RS symbol combining can be used.
2.4 Phase initialization for inter cell interference randomization

 In NB-IoT, DM-RS sequence length may not be sufficient to prevent the effect of the inter cell interference due to the lack of DM-RS symbol position and the effect of frequency error, especially in 3.75kHz subcarrier spacing. Therefore, it is important to randomize inter-cell interference of DM-RS sequence to guarantee the channel estimation accuracy. One possible method for inter-cell interference randomization is allocating different reference phases. 
In π/2-BPSK and π/4-QPSK modulation, it is important to share initial reference phase information between the transmitter and receiver for coherent demodulation. UE determines its initial constellation points from initial reference phase information and proceeds symbol level phase rotation. DM-RS symbols are also affected by initial reference phase information. Therefore, we can use initial reference phase rotation to randomize inter-cell interference. The Cycle of phase initialization can be determined by DM-RS symbol combining level. 
Proposal 6: Phase initialization can be used for inter-cell interference randomization. 
2.5 Frequency hopping
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 7: Cell specific frequency hopping pattern can be used for inter cell interference randomization.
3 Conclusion

This contribution discusses a few aspects related to uplink design for NB-IoT. The following capture our proposals.
Proposal 1: If PAPR should be minimized as much as possible, consider using BPSK and QPSK based DM-RS sequence for NB-PUSCH for π/2-BPSK and π/4-QPSK respectively. 

Proposal 2: If PAPR should be minimized as much as possible, use phase rotation on DM-RS symbol to reduce PAPR/CM.

Proposal 3: Use 2nd and 8th symbol in a subframe for DM-RS symbols.
Proposal 4: In case of 15kHz subcarrier spacing, 2 DM-RS symbols and 8 subframe DM-RS symbol combining can be used.
Proposal 5: In case of 3.75kHz subcarrier spacing, 4 DM-RS symbols and 2 subframe DM-RS symbol combining can be used.
Proposal 6: Phase initialization can be used for inter-cell interference randomization.
Proposal 7: Cell specific frequency hopping pattern can be used for inter cell interference randomization.
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Figure � SEQ Figure \* ARABIC �2� DM-RS position for 3.75kHz NB-Subframe with 2 DM-RS symbols
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