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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]A new WID on the NB-IoT was approved in RAN#69 [1]. One of the objectives is support for massive number of low throughput devices. In RAN1#83 [2], it was agreed that single-tone transmission are supported and 2 numerologies ([3.75] kHz and 15 kHz subcarrier spacing) should be configurable for single-tone transmission. The option of 3.75 kHz single-tone transmission offers capacity improvement. However, we note that how to multiplex 2 numerologies is still unclear and CDM could be considered for the capacity enhancement techniques especially for the 15 kHz subcarrier spacing. This contribution proposes to have CDM feature for the single-tone with 15 kHz subcarrier spacing. We also provide the link level evaluation results and show that CDM achieves capacity enhancement without negative impact on coverage performance.
CDM for NB-IoT PUSCH
Based on our evaluation result [3], single-tone transmission without repetition cannot support extreme coverage case (for example 160 dB order MCL). Even assuming ideal channel estimation, the achieved MCL by single-tone transmission with no repetition and 1/3 coding rate is around 150 dB. By repetition for example 16 to 64 times, MCL could reach 160dB. 
Therefore, repetition is one of necessary solutions to support extreme coverage such as 160 dB order MCL. But on the other hand, large repetitions will heavily impact physical resource transmission efficiency and capacity. Techniques to mitigate the capacity loss by repetition are necessary. 
One method is to adopt CDM on the top of the repetition. Each symbol or subframe is repeated over multiple times and then, each repeated symbol or subframe is multiplied by one of orthogonal spreading sequences. Using NSF orthogonal spreading codes with spreading factor SF, up to NSF UEs can be simultaneously transmitted within the same time/frequency resource. This can compensate the capacity degradation caused by repetition. Another method is a narrower subcarrier spacing like 3.75 KHz. A combined solution like CDM is applied to 3.75 KHz spacing case is also possible but its performance is questionable due to more sensitivity on frequency error estimation. Therefore, currently we only assume CDM is applied to 15 KHz spacing. By such approach, it can achieve same capacity as 3.75 kHz subcarrier spacing. In the following section, we evaluated CDM performance in case of 15 KHz spacing.
Evaluation results
In this section, we evaluate the link level performance of applying CDM to NB-IoT PUSCH with single-tone transmission. The detailed parameters are listed in the Appendix A. In this evaluation, the value X of basic resource unit is assumed to be 12, repetition is realized by repeating the same subframe in X-subframe of basic resource unit as Fig. 2 in [3], and legacy LTE DMRS position in 1 ms subframe (i.e., DMRS is located at 3rd and 10th symbols) is assumed.
Figure 1 plots the BLER performance of NB-IoT PUSCH with number R of repetition as a parameter and shows the performance comparison for CDM with 1 UE and 2 (or 4) UEs multiplexed in code domain on the same time/frequency resource. The average received power of multiplexed UEs is assumed to be the same. SF=2 or 4 is used as the spreading factor regardless of the number of repetitions. Each UE uses a different orthogonal code.
It can be seen from Fig. 1 that no performance degradation by UE multiplexing using CDM occurs. The same coverage gain can be achieved by symbol level combining with SF subframes [3].
[image: ]   [image: ]
                        (a) SF=2, 2 UE multiplexing				                     (b) SF=4, 4 UE multiplexing
Fig.1 BLER performance of NB-IoT PUSCH with singe-tone transmission and CDM

Based on the above discussion and evaluation, our observation and proposal are following.
Observation: CDM with spreading factor 2 and 4 on the top of repetition can enhance the capacity without any performance degradation caused by UE multiplexing with different orthogonal codes. The same coverage gain can be achieved as by symbol level combining.
Proposal: Support CDM for NB-IoT uplink single-tone transmission with 15 kHz subcarrier spacing.
Conclusion
In this contribution, we discussed CDM on top of the repetition for NB-IoT PUSCH and showed some simulation results when using repetition and CDM on PUSCH. Based on the discussion presented, we summarize our views through the following observations and proposal:
Observation: CDM with spreading factor 2 and 4 on the top of repetition can enhance the capacity without any performance degradation caused by UE multiplexing with different orthogonal codes. The same coverage gain can be achieved as by symbol level combining.
Proposal: Support CDM for NB-IoT uplink single-tone transmission with 15 kHz subcarrier spacing.
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Appendix A: Simulation parameters
	Parameters
	Value

	Frame format (basic resource unit)
	Single-tone (1 subcarrier and 12 subframes), 
15 kHz subcarrier spacing

	Channel coding
	Turbo

	TBS
	56 bits

	CRC
	24 bits

	Number of repetition
	R=1, 2, 4, 8, 16, 32, 64

	Spreading factor
	SF=1, 2, 4

	Number of multiplexed UEs for CDM
	1 UEs when SF=1
2 UEs when SF=2
4 UEs when SF=4

	Number of antennas
	1×2 with low correlation

	Carrier frequency
	900 MHz

	Channel model
	TU (Doppler frequency, fD=1Hz)

	Timing error
	Ideal

	Residual frequency offset
	20Hz

	Channel estimation
	Realistic

	Equalization
	MMSE-FDE
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