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Introduction
[bookmark: _Ref421460494]At RAN1#90, the enhancement of interference randomization was discussed for NB-IoT Release 14. It was agreed that to introduce interference randomization scheme based on RE-level scrambling for NPDSCH and NPDCCH from Rel-14. For the UL channels, i.e., NPUSH and NPRACH, no agreements were made. 
Regarding the interference randomization of NPUSCH, there were two proposals [1][2]. The proposal in [1] propose that
“
Use one of the following two options to improve the scrambling mechanism for NPUSCH in Rel-14:
· 
Option 1: Introduce symbol-level scrambling for Rel-14 NPUSCH, and use the equation below to initialize the scrambling sequence at the beginning of every  slots. The mapping rule from bit to phase for the scrambling sequence is the same as NPBCH.

For 3.75 kHz: 

For 15 kHz: 
· Option 2:  Change only the initialization equation for the scrambling sequence by using the same equation as Option 1.
”. 
The proposal in [2] propose that 
“
For Rel-14 NPUSCH , introduce the following symbol-level scrambling (after DFT, before IFFT )
”. 
 
In this paper, we future discussion the topic of interference randomization for NPUSH. 
UL interference randomization
In the NB-IoT FDD design, the DL is based on time-division multiple access (TDMA), whereas the UL is based on both TDMA and frequency division multiple access (FDMA). The problem identified in the DL was that for the channels that are time aligned and with repetitions, e.g, MIB and SIB1-NB, the legacy scrambling may not randomize the interference sufficiently, and performance degradations were observed in field test. This is especially a problem in a synchronized network. In the DL, since only TDMA is used, there is a very high chance that the interferers are timed aligned with desired signal, e.g., if the neighbouring cells have the same POs. Therefore, it was agreed that to introduce interference randomization scheme based on RE-level scrambling for NPDSCH and NPDCCH from Rel-14.
However, the situation is different in the UL. First, the UL scheduling is both TDMA and FDMA based. In the UL, one, three, six, and twelve tones can be used for scheduling, and the scheduling delay values are 8, 16, 32 and 64. These values already give the scheduler several degrees of freedom to avoid constant interference from neighbouring cells. If aligned interferers appear in some cases, the scheduler can simply apply a frequency and/or time offset among neighbouring cells to solve the problem. 
Secondly, the interference alignment problem only appears when a large number of repetitions is used. In the DL, this problem is observed from the common channels, i.e., MIB, SIB1-NB, and paging, since these channels are repeatedly transmitted over time. However, there is no common channel in the UL, and therefore, the chance of having a constant interferer at the same time and frequency is very low in the UL. 
Therefore, unless significant problem has been identified, in our opinion, it is not necessary to introduce additional interference randomization for NPUSH in Rel-14.  
Conclusion
In this paper, we share our view the interference randomization. For the UL, since the situation is not the same as DL, in our point of view, introducing additional interference randomization may not be beneficial. Therefore, it is proposed that  
Proposal: It is not necessary additional interference randomization for NPUSCH needs to be introduced. 
References
[bookmark: _Ref494464951][bookmark: _Ref484169406]R1-1713368, “On scrambling for interference randomization in Rel-14 NB-IoT”, Source: Huawei, HiSilicon, 3GPP TSG RAN WG1 Meeting #90, Prague, Czech Republic, August 21-25, 2017. 
[bookmark: _Ref494464952]R1-1715142, “WF on NPUSCH scrambling”, source ZTE,  LGE, Qualcomm, Sanechips, Lenovo, 3GPP TSG RAN WG1 Meeting #90, Prague, Czech Republic, August 21-25, 2017. 


image2.wmf
Ncell

ID

s

f

RNTI

init

N

n

n

n

c

+

×

+

+

+

=

9

2

]

1

61

mod

)

5

)[(

1

(


oleObject2.bin

image3.wmf
ë

û

Ncell

ID

s

f

RNTI

init

N

n

n

n

c

+

×

+

+

+

=

9

2

]

1

61

mod

)

2

/

10

)[(

1

(


oleObject3.bin

image1.wmf
slots

N


oleObject1.bin

