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1 Introduction
During RAN1 #90 meeting, NPUSCH Interference randomization enhancement solutions were online discussed but no consensus was achieved. Companies had no consensus on the performance gain for the case with smaller number of tones (e.g., 3-tone). 
In this contribution, we further evaluate the NPUSCH scrambling enhancement for NB-IoT.
2 NPUSCH scrambling enhancement and evaluation
Bit-level scrambling (Alt 1) was defined for NPUSCH interference randomization in Rel-13/14 NB-IoT. To improve the scrambling performance, for Msg3 on non-anchor carrier and NPUSCH RRC configured with interference randomization enhancement, symbol-level based scrambling enhancement (after DFT, before IFFT) was proposed in [2] (Alt 2):
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where y(l) is the SC-FDMA symbol and the scrambling sequence 
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 is given by clause 7.2 of 36.211 and shall be initialized at the start of each slot/subframe, 
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Besides Alt 2, I/Q symbol level scrambling was proposed in [3] (Alt 3).

The Cinit in Alt 2 and  Alt 3 is assumed to be 
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Based on the simulation assumption in Table A.1, we can observe in Figure 1 that Alt 2 and Alt 3 have similar performance.
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Figure 1 NPUSCH performance for Alt 2 and Alt 3 - 12-tone
If the starting subframes of NPUSCH repetitions are aligned for adjacent cells, simulation results of 12-tone, 6-tone and 3-tone cases for Alt 1and Alt 2 are shown in Figure 2, Figure 3 and Figure 4. Compared with Alt 1, Alt 2 with 12-tone can achieve additional 2.3 dB, 1.4 dB and 0.9 dB performance gain respectively for 8, 16 and 32 times NPUSCH repetitions while Alt 2 with 3-tone can achieve 4 dB, 6 dB and 7.7 dB performance gain respectively for 8, 16 and 32 times NPUSCH repetitions. In fact, it is observed that the performance gain is largest for 3-tone, least for 12-tone and 6-tone in the middle.

This is because the anti-interference ability of 3-tone is the worst comparing with 6-tone and 12-tone. For 12-tone, the performance of Alt 2 under interference scenario is very close to the performance of Alt 1 without interference.  But for 3-tone case, relative large performance difference would be expected in interference and non-interference scenario. Therefore, with improved randomization, the gain is largest.
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Figure 2 NPUSCH performance for Alt 1 and Alt 2 - 12-tone, aligned starting subframe
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Figure 3 NPUSCH performance for Alt 1 and Alt 2 - 6-tone, aligned starting subframe
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Figure 4 NPUSCH performance for Alt 1 and Alt 2 - 3-tone, aligned starting subframe
If the starting subframes of NPUSCH repetitions are different for adjacent cells, the simulation result of 12-tone, 6-tone and 3-tone cases for Alt 1and Alt 2 with 2 ms starting subframe offset are shown in Figure 5, Figure 6 and Figure 7. In this case, we can observe that the Alt2’s performance gain comparing with Alt 1 is lower than the case that starting subframe is aligned.
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Figure 5 NPUSCH performance for Alt 1 and Alt 2 - 12-tone, 2 ms starting subframe offset
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Figure 6  NPUSCH performance for Alt 1 and Alt 2 - 6-tone, 2 ms starting subframe offset
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Figure 7  NPUSCH performance for Alt 1 and Alt 2 - 3-tone, 2 ms starting subframe offset
Observation 1: Compared with bit-level scrambling in Rel-13/14 NB-IoT, symbol-level based scrambling enhancement (after DFT, before IFFT) can achieve significant gain. The performance gain is largest for 3-tone, least for 12-tone and 6-tone in the middle.
· For 12-tone, additional 2.3 dB, 1.4 dB and 0.9 dB performance gain can be achieved for 8, 16 and 32 times NPUSCH repetitions respectively; 
· For 6-tone, additional 3dB, 2 dB and 1.3 dB performance gain can be achieved for 8, 16 and 32 times NPUSCH repetitions respectively; 
· For 3-tone, additional 4 dB, 6 dB and 7.7 dB performance gain can be achieved for 8, 16 and 32 times NPUSCH repetitions respectively. 
Proposal 1: For Rel-14 unicast NPUSCH configured with interference randomization enhancement or Msg3 in non-anchor carrier, introduce the following symbol-level scrambling to SC-FDMA symbols in 
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where the scrambling sequence 
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· Adopt the CR in R1-1717195.

3 Conclusions
In this contribution, we have evaluated NPUSCH scrambling enhancement solutions and discussed the interference randomization enhancement for Rel-14 NB-IoT. We make the following observations:
Observation 1: Compared with bit-level scrambling in Rel-13/14 NB-IoT, symbol-level based scrambling enhancement (after DFT, before IFFT) can achieve significant gain. The performance gain is largest for 3-tone, least for 12-tone and 6-tone in the middle.
· For 12-tone, additional 2.3 dB, 1.4 dB and 0.9 dB performance gain can be achieved for 8, 16 and 32 times NPUSCH repetitions respectively; 

· For 6-tone, additional 3dB, 2 dB and 1.3 dB performance gain can be achieved for 8, 16 and 32 times NPUSCH repetitions respectively; 

· For 3-tone, additional 4 dB, 6 dB and 7.7 dB performance gain can be achieved for 8, 16 and 32 times NPUSCH repetitions respectively. 
Proposal 1: For Rel-14 unicast NPUSCH configured with interference randomization enhancement or Msg3 in non-anchor carrier, introduce the following symbol-level scrambling to SC-FDMA symbols in 
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where the scrambling sequence 
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· Adopt the CR in R1-1717195.
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Annex

A.1 Simulation assumption
Table A.1 NPUSCH simulation assumptions
	Frequency band
	900 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	BS: 2R
MS: 1T

	Frequency error
	Randomly chosen from [-50 50] Hz

	Timing Error
	No

	Group hopping
	Enabled

	SIR 
	 0dB
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