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1 Introduction
Techniques to increase PUSCH spectral efficiency were discussed in the last meeting with the following agreement achieved [1]:
Agreement:
· MU-MIMO enhancements will not be specified as part of this WI.

· At least one of the following techniques to improve UL spectral efficiency will be supported as part of this WI:

· Sub-PRB allocation (with or without increased DMRS density)

· CDMA (with or without increased DMRS density)

· Support for switching between LTE and NB-IoT air interfaces can be further considered.

In this contribution, we provide some analysis on the performance of the candidate techniques for PUSCH spectral efficiency enhancement, based on the performance metrics and parameters used for the evaluation of the above techniques agreed in [2].  
2 Discussion
2.1 Baseline performance

The numbers of PUSCH repetitions (subframes) needed to reach the targeted MCL values 144, 154, 164 dB are evaluated as the baseline performance, shown in Table 1. RV is changed in the same way as PUSCH in CE mode B. Other simulation assumptions are in the appendix. It can be seen the number of repetitions required for the largest MCL is quite large, and much larger than the maximum of 2048 supported in eMTC since Rel-13.
Table 1 Numbers of PUSCH repetitions required as the base line performance
	MCL (dB)
	144
	154
	164

	Required number of repetitions
	17
	243
	7414


2.2 Techniques to improve PUSCH spectral efficiency 
The concept of CDMA is to multiplex UEs within the same resource by spreading PUSCH with orthogonal codes. For PUSCH repetition in multiple subframes, multiple subframe length code spreading on top of repetition has been proposed in Rel-13 [3]. As shown in Figure 1 from [3], each subframe is repeated over multiple subframes and then spread by an orthogonal spreading code with length 4. 
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Figure 1 Multiple subframe code spreading
With a spreading code length of 4, four UEs can be multiplexed in code domain on the same T/F resource, and the UL spectral efficiency can thus be improved by roughly 3 times (the required number of repetitions is expected to be slightly larger than the base line).
Similar to the CDMA case, when sub-PRB resource allocation (with a resource allocation granularity of 3 subcarriers) is used, 4 UEs can be multiplexed in a PRB, and the UL spectral efficiency is improved by roughly 3 times. The repetition number for the largest MCL can be reduced but would still be much larger than the maximum value supported in eMTC since Rel-13. 
Another option for UL spectral efficiency enhancement is switching between eMTC and NB-IoT air interfaces. When more UL capacity is desired, the network can have the new eMTC UE “mimic” NB-IoT directly, just as a normal UE can in Rel-13 mimic some eMTC functionality if it needs coverage enhancement. Thus the benefits of both NB-IoT and eMTC can be exploited. The UE when being connected to an eMTC cell can mimic NB-IoT, and the eNB can configure via RRC signaling whether the UE shall mimic. The overall PUSCH spectral efficiency is expected to be maximized by allowing flexible adaptation between mimic’ing NB-IoT or not depending on traffic characteristics and system load etc. In this case, the UL spectral efficiency of NB-IoT is fully enjoyed by the efeMTC UE.
In Table 2, we show the evaluation results of using the NB-IoT air interface for 164 dB MCL (with a resource allocation granularity of 1 subcarrier). It is observed that the UL spectral efficiency can be improved by more than 33 times, with the required number of repetitions for 164 dB MCL (i.e. 2560) comparable with the maximum value of 2048 supported in eMTC since Rel-13. Note that 15 kHz NPUSCH subcarrier spacing has been simulated here, but NPUSCH via air-interface switching also supports 
3.75 kHz subcarrier spacing, which will offer a higher connection density (i.e. spectral efficiency for this purpose) than 15 kHz.
In our companion contribution in RAN2 [4], we show the procedures for air interface switching between eMTC and NB-IoT.
Table 2 Evaluation for using NB-IoT air interface
	MCL (dB)
	164

	Required number of repetitions
	64 × 5 RUs (15 kHz)

	UE power consumption improvement*
	65.5%

	UL spectral efficiency improvement**
	3375.3 %

	*Calculated as (1- required number of ms of NB-IoT resource allocation /required number of ms of the base line) % 

** Calculated as ((504/(required number of ms of NB-IoT resource allocation*1))/(504/(required number of ms of the base line*12))-1)%


Base on the discussion, our proposal is:

Proposal: Adopt air interface switching between LTE and NB-IoT as the technique for UL spectral efficiency enhancement.
3 Conclusion
This contribution discusses the techniques to increase PUSCH spectral efficiency and proposes:
Proposal: Adopt air interface switching between LTE and NB-IoT as the technique for UL spectral efficiency enhancement.
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Appendix
Simulation assumptions
	Parameter
	Value

	BS RX antenna configuration 
	2 Rx 

	UE PA power 
	23 dBm 

	System BW
	10 MHz

	Band 
	Band 8 (900 MHz) 

	Channel model 
	ETU 

	Doppler spread 
	1 Hz 

	Frequency error 
	30 Hz 

	Frequency hopping 
	None

	TBS 
	504 bits 

	Channel estimation 
	4 subframe for cross subframe channel estimation 

	eNB NF
	5 dB

	Coupling loss
	144, 154, 164 dB


