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1. Introduction
The following was agreed for NB-IoT in RAN1#83 Ad-Hoc meeting [1]:
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
· 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
In this contribution, more details and considerations of uplink DM RS for NB-IoT are presented.
2. Discussion
2.1. DMRS design for single tone PUSCH with 3.75 kHz 

2.1.1. Placement of DMRS

For 3.75 kHz case, 2-ms NB-slot with 7 symbols was agreed. Legacy DMRS density can be reused, that is one DMRS per 6 or 7 symbols. Some examples are shown in Figure 2.
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Figure 1 Examples of DMRS placement.

As illustrated in Figure 1(a), it is observed that DMRS would span across two subframe. This would conflict with SRS of LTE. DM RS may be segmented into discontinuous subframe in TDD UL-DL configuration 0/3/6. To resolve this, UL DMRS can be shifted as shown in Figure 1 (b).
2.1.2. DMRS sequence

For single tone case, only one subcarrier is allocated to a UE in frequency domain. Therefore one DMRS symbol cannot carry a sequence in frequency domain. One solution is to choose only one value from the legacy DMRS sequence based on the subcarrier position. Figure 2 is an example, OCC is [1 1], and z0, z1, z2, …, z47 is a ZC sequence generated by legacy method. The other solution is to map a DMRS sequence to multiple DMRS symbols in time domain. The sequence has fixed length and can be repeated in time. The length of the sequence can be chosen by considering the resource granularity for scheduling in time domain. For one resource unit schedulable in PUSCH transmission with 32 ms, there would be (32/4)*2 = 16 DMRS symbols. Hence, the length of the sequence is 16, as shown in Figure 3.
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Figure 2 An example of DMRS sequence
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Figure 3 An example of DMRS sequence
If 3.75 kHz single tone is only applied to extreme coverage, the inter-cell DMRS interference is not an issue. However, if it is used in normal coverage, the interference issue may not be negligible. One approach to lower DMRS interference is to place DMRS in different time positions, where the position depends on PCID. One example is illustrated in Figure 4.
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Figure 4 An example of DMRS placement to reduce inter-cell interference.
Another approach to reduce the interference between neighbouring cells’ DMRS is to adopt different DMRS sequence which are orthogonal, for example, cyclic shifted ZC sequences can be used in neighbouring cells.
Proposal 1: The placement of DM-RS should avoid spanning over two subframes 

Proposal 2: Two alternatives can be used to generate DM-RS
· Only one value is chosen from the legacy sequence
·  The sequence is mapped to different symbols across multiple subframes

Proposal 3: TDM or CDM can be used for DM-RS of neighbouring cells 
2.2. DMRS design for PUSCH with 15 kHz
For single tone PUSCH with 15 kHz subcarrier spacing DMRS, the design can follow the approach in above chapter, where placement and density of DMRS can reuse current structure. In the following discussion, only multiple-tone PUSCH DMRS is considered.
2.2.1. Time domain consideration
The time domain placement, we can reuse the current PUSCH approach, i.e., the 4th symbol in normal CP case and the 3rd symbol for extended CP case.
2.2.2. Frequency domain consideration
For frequency placement of DMRS, there are two options, considering the frequency allocation related to data.

Option 1:  occupy same frequency as for data

Option 2:  occupy different frequency compared with data
· Option 2-1: occupy one carrier
· Option 2-2: occupy 12 carriers
For Option 1, DMRS has the same frequency placement as for data, as illustrated in Figure 5. 
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Figure 5 An example of Option1: UL DMRS occupy same frequency as for data.
In this option, the DMRS sequence should be re-designed. There are two different approaches for DMRS sequence design in Option 1. The first approach is to generate short sequence based on the number of subcarriers. For example, DFT sequence can be used as one candidate of short sequence. Considering peak to average ratio, further optimization can be done via computer searched low PAPR sequence. The second approach is to truncate from current DMRS sequence. For example, length 12 ZC sequence can be generated from current DMRS sequence, then to be truncated based on the subcarrier positions. 
In the case of Option 2-1, DMRS occupies only one subcarrier, while data can occupy three subcarriers. The same sequence design can be used as in the single tone case. Another benefit is because of single subcarrier occupancy, PAPR is reduced. The exact subcarrier location of the DMRS can be configured differently in neighboring cells to reduce inter-cell interferences. The simulation results between Option 1 and Option 2-1 are shown in Table 1 with thesimulation assumptions shown in the Appendix. Based on simulation result, we can observe the channel estimation performance of Option 2-1 is better than Option 1 
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Figure 6 An example of Option2-1: UL DMRS occupy different frequency from data
Table 1 Performance of Option 1 and Option 2-1

	
	Option 1
	Option 2-1

	SNR for PUSCH BLER=10%
	6 dB
	5.1 dB


In the case of Option 2-2, DMRS spans 12 subcarriers, while data occupy three subcarriers. Therefore legacy 1 PRB DMRS sequence design can be reused. The scheduling constraint exists because single tone PUSCH and multiple tones PUSCH cannot be multiplexed by FDM.
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Figure 7 An example of Option2-2: UL DMRS occupy different frequency from data
Comparing both options, we see that unified design across single tone and multi-tone can be achieved via Option 2, and better channel estimation performance and reduced PAPR in Option 2. Also in the Option 1, because the reduced number of orthogonal sequence from the short sequence, it is harder to achieve efficient inter-cell interference reduction. Note in both cases, time domain OCC can be introduced to further reduce inter-cell interference. When 12 subcarriers are available, DMRS design can reused the legacy approach.

Proposal 2：For multi-tone PUSCH, DMRS time domain position can follow the current legacy approach.

· With subcarrier number<12,  one subcarriers is used for DMRS 

· With subcarriers number=12, legacy DMRS design can be reused
3. Conclusion
In this contribution, more details and considerations of 15 kHz NB-PUSCH design for NB-IoT are presented. In summary, we propose:
Proposal 1: The placement of DM-RS should avoid spanning over two subframes 

Proposal 2: Two alternatives can be used to generate DM-RS

· Only one value is chosen from the legacy sequence
·  the sequence is mapped to different symbols across multiple subframes

Proposal 3: TDM or CDM can be used for DM-RS of neighbouring cells 
Proposal 4：For multi-tone PUSCH, DMRS time domain position can follow the current legacy approach.

· With subcarrier number < 12,  one subcarriers is used for DMRS 

· With subcarriers number = 12, legacy DMRS design can be reused
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Appendix
Table A1 Link level simulation assumptions
	Parameter
	Value

	Frequency band
	2 GHz

	Channel scenario
	TU 1Hz

	Antenna configuration 
	1Tx, 2Rx

	Modulation mode
	QPSK

	TBS
	144

	Resource allocation
	Number of subcarriers = 6, duration = 2 ms
Number of subcarriers = 3, duration = 4 ms
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Figure A1 Performance of DMRS with 6 subcarriers and with 1-subcarrier
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Figure A2 Performance of DMRS with 3 subcarriers and with 1 subcarrier

[image: image10.png]



1

