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1 Introduction
In the last RAN1 meeting, a large progress on NB-IOT UL is achieved as following [1]:

· Single-tone transmissions are supported

· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz

· A cyclic prefix is inserted

· Frequency domain Sinc pulse shaping in the physical layer description

· Multi-tone transmissions are supported

· Multi-tone transmissions are based on SC-FDMA

· 15 kHz UL subcarrier spacing
For single-tone transmission, channel estimation performance may be an issue since the number of subcarrier(s) used for channel average in frequency domain is only one. In this contribution, possible DMRS patterns for single-tone NB-PUSCH were discussed and corresponding performance evaluation results were provided.
2 Discussion
2.1 Possible DMRS patterns for NB-PUSCH
For single-tone transmission, channel estimation performance may be an issue since the number of subcarrier(s) used for channel average in frequency domain is only one. Comparing with multi-tone transmission, channel estimation performance loss may be caused and this may be much worse for extreme coverage due to ultra low working SINR. Therefore, for single-tone transmission, DMRS optimization may be required especially for extreme coverage. 
In this contribution, we just focus DMRS pattern and not touch generation or design of DMRS sequence. Current DMRS pattern for PUSCH is that there is one DMRS symbol within each slot, i.e. the central SC-FDMA symbol within one slot. In the DMRS symbol, all of REs are occupied by DMRS sequence. In order to improve channel estimation performance for single-tone transmission, there are two possible DMRS patters as followings, e.g. increasing DMRS density and contiguous DMRS with legacy density.
Increasing DMRS density
Increasing DMRS density means to increase the number of DMRS symbols within each slot, i.e. larger than current 1 DMRS symbol. One simple pattern is that the increased DMRS symbols use the same sequence and occupy adjacent locations, which is similar to current DMRS pattern for PUCCH, e.g. 2~3 DMRS symbols within one slot depending on PUCCH format. Increasing DMRS density has been discussed and evaluated for coverage enhancement in eMTC [2]. The evaluation results provided by some companies can show a performance gain to reduce PUSCH repetitions. However, other companies’ evaluation results couldn’t show the gain. Finally, increasing DMRS density was not adopted for CE mode B in eMTC.
Contiguous DMRS with legacy density
In legacy DMRS pattern, each slot includes one DMRS symbol, i.e. the time interval between two DMRS symbols is 7ms. Maybe the time interval can be enlarged, and discrete DMRS symbols within a duration time can be adjacently allocated. In this pattern, legacy DMRS density (i.e. 1/7 overhead) can be kept, and DMRS symbols can be contiguous to some extent. Figure 1 gives one example of the pattern, i.e., there are 2 contiguous DMRS symbols within 14 symbols (1 subframe). More contiguous DMRS symbols are also possible, e.g. 4 contiguous DMRS symbols within 28 symbols (2 subframes). The contiguous DMRS symbols can be directly used for channel average in time domain, which may be able to achieve similar channel estimation performance using channel average in frequency domain.   
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Figure 1   One example of contiguous DMRS pattern with legacy density
2.2 Performance evaluation on possible DMRS patterns
In this section, performance evaluation just consider single-tone transmission in extreme coverage, and related simulation assumptions is showed in Appendix, wherein single-tone transmission based on 3.75kHz subcarrier spacing and 5 repetitions are assumed.

The simulation result for increasing DMRS density is showed in Figure 2. Here, ‘DMRS 1X’ means the legacy DMRS density. ‘DMRS 2X’ and ‘DMRS 3X’ means the legacy DMRS density within one slot are increased by double and triple respectively, i.e. 2/7 and 3/7 overhead respectively. From the result, we can see increasing DMRS density couldn’t improve the BLER performance. And, more DMRS density could cause more performance loss. The performance loss may because the coding rate is enlarged due to less available REs caused by increasing DMRS density.
Observation #1: Increasing DMRS density couldn’t improve performance of single-tone NB-PUSCH in extreme coverage.
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Figure 2   Performance of single-tone NB-PUSCH with increased DMRS density
The simulation result for contiguous DMRS pattern with legacy density is showed in Figure 3. Here, ‘1 DMRS’ is the legacy DMRS pattern. ‘2 DMRSs’ and ‘4 DMRSs’ means 2 and 4 contiguous DMRS symbols within 14 and 28 symbols respectively. And the DMRS overhead of all cases is the same as legacy system, i.e. 1/7. From the result, we can see contiguous DMRS pattern with legacy density couldn’t improve the BLER performance. And, more contiguous DMRS symbols could cause more performance loss. The performance loss may because the larger time interval between two DMRS bundles, e.g. 1ms and 2ms for ‘2 DMRSs’ and ‘4 DMRSs’ respectively. The larger time interval may be more sensitivity for doppler spread and frequency offset.
Observation #2: Contiguous DMRS pattern with legacy density couldn’t improve performance of single-tone NB-PUSCH in extreme coverage.

Considering above observations wherein increasing DMRS density and increasing DMRS interval may cause performance loss, DMRS pattern design should consider DMRS overhead and DMRS interval.
Proposal #1: Design DMRS pattern considering DMRS overhead and DMRS interval. 
[image: image3.png]BLER

0.1

Performance for contiguous DMRS pattern

-7 -6

SNR(dB)

-4

—4—1DMRS
——2DMRSs
=4 DMRSs





Figure 3   Performance of single-tone NB-PUSCH with contiguous DMRS pattern
3 Conclusion
In this contribution, we discussed possible DMRS patterns for NB-PUSCH, and corresponding performance evaluation results were provided. Based on the discussions and performance evaluation results, we have following observations: 
Observation #1: Increasing DMRS density couldn’t improve performance of single-tone NB-PUSCH in extreme coverage.

Observation #2: Contiguous DMRS pattern with legacy density couldn’t improve performance of single-tone NB-PUSCH in extreme coverage.

And one proposal:

Proposal #1: Design DMRS pattern considering DMRS overhead and DMRS interval. 
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5 Appendix
Table 1 gives the simulation assumptions for above simulation results.
Table 1 Assumptions for link level simulation
	Parameter
	Value

	Frequency band
	900 MHz

	Propagation channel model
	ETU

	Maximum Doppler spread
	1 Hz

	Antenna configuration
	MS: 1Tx, BS: 2Rx

	Timing error
	Randomly chosen from [-2.5, 2.5] us

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

	NB-IOT specific frequency error  (F_est_error)
	Randomly chosen from [-50, 50] Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Subcarrier pacing
	3.75 kHz

	Coding scheme
	Turbo coding

	Modulation scheme
	QPSK

	DMRS density/pattern
	Increased DMRS density: 1X, 2X, 3X

Block-pattern DRMS: 1 DMRS, 2 DMRSs, 3 DMRSs (with the same DMRS overhead, i.e. 1/7) 

	TBS
	776 bits

	CRC length
	24 bits

	Resources for once transmission
	Single-tone, 72 subframes 

	Repetition number
	5

	Cross-subframe channel estimation
	cross 6 subframe channel estimation

	Number of channel realizations
	1000
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