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1 Introduction
In the email thread [89-02] subsequent to RAN1#89, the discussion on the scrambling issue for interference randomization issue has continued.
In this paper, we provide our considerations on this issue and give the proposed improvements on the interference randomization for NPDCCH/NPDSCH/NPUSCH in Rel-14 NB-IoT.
2 NPDCCH

2.1 Rel-13 scrambling mechanism
The scrambling sequence of NPDCCH is initialised every 4th subframe, and the scrambling sequence in 4 consecutive NPDCCH subframes is the same. Furthermore, on a non-anchor carrier, it is with high probability that there is not any postponed subframe during the transmission of NPDCCH, so the subframe index, which is used in the initialization of the scrambling sequence, is repeated after every 20 ms. That means the scrambling sequence of NPDCCH is repeated every 20ms, as shown in Figure 1. It can be seen that the diversity of the scrambling sequence for NPDCCH is quite low, especially on a non-anchor carrier, which is not good for the interference randomization as the same reason for the NPBCH/NPDSCH (SIB) [1].
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Figure 1: Illustration of the scrambling mechanism for NPDCCH
2.2 Improved solution

A solution to improve the randomization of scrambling is similar as for NPBCH that every NPDCCH subframe initializes a symbol-level scrambling sequence by a non-linear combination of cell ID and subframe number. 
The equation of initialization for the scrambling sequence can be:
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The modulo value of 8192 means that the scrambling sequence of NPDCCH will be changing during 8192 consecutive subframes, which is enough for NPDCCH since the largest Rmax is 2048. We use the module value of 8192 here because it is the maximum allowed value considering the 31-bit limitation in the initialization seed. It is easy to see that larger modulo value leads to better performance of interference randomization for NPDCCH since the scrambling sequence is repeated after a longer duration.  The mapping method from the bit to the phase sequence is the same as NPBCH.

For the applied scenarios of the new scrambling method, we share the same view given in [2] as below. For Type1-CSS or Type2-CSS on the anchor carrier, the problem is alleviated since there are various postponements during the NPDCCH transmission due to the NPSS/NSSS/NPBCH/SIB1-NB transmissions. Moreover, there is not backward compatibility problem for Rel-13 UE since non-anchor RACH and paging are both introduced in Rel-14. For Type1A-CSS and Type2A-CSS, there is also not backward compatibility problem for Rel-13 UE as SC-PTM is a Rel-14 feature. For USS, eNB can indicate by RRC whether the new scrambling method is enabled. With this, while a Rel-14 UE accesses a Rel-13 network, since the UE does not receive such an indication, it should assume it will receive NPDCCH with the Rel-13 scrambling method.
1) For Type-2 and Type1 CSS, only in non-anchor carriers.

2) For USS, is enabled by RRC reconfiguration.

3) For Type-1A and Type-2A, always.
Based on the discussion, we make two proposals:
Proposal 1: Introduce symbol-level scrambling for Rel-14 NPDCCH, and use the equation below to initialize the scrambling sequence at the beginning of every NPDCCH subframe. The mapping rule from bit to phase for the scrambling sequence is the same as NPBCH.

[image: image4.wmf]ë

û

Ncell

ID

s

f

Ncell

ID

init

N

n

n

N

c

+

×

+

+

+

=

9

2

]

1

8192

mod

)

2

/

10

)[(

1

(

.
Proposal 2: The new scrambling method for Rel-14 NPDCCH is introduced in the following scenarios:

· Type1-CSS and Type2-CSS on non-anchor carriers.
· Type1A-CSS and Type2A-CSS.
· USS, enabled by RRC signalling.
3 NPDSCH
3.1 Legacy scrambling mechanism

The scrambling sequence of NPDSCH (not carrying the BCCH) is initialised every 
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Furthermore, on a non-anchor carrier, it is with high probability that there is not any postponed subframe during the transmission of NPDSCH, so the values of 
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, , as shown in Figure 2. It can be seen that the diversity of the scrambling sequence for NPDSCH is also very low, especially on a non-anchor carrier, similar as NPDCCH.
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Figure 2: Illustration of the scrambling mechanism for NPDSCH
3.2 Improved solution
Similar with NPDCCH, a solution to solve the above problem is that every NPDSCH subframe initializes a symbol-level scrambling sequence by a non-linear combination of RNTI and subframe number. 
The equation of initialization for the scrambling sequence can be:
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The modulo value of 61 ensures that the introduced scrambling sequences of NPDSCH are changing within 61 consecutive subframes. We use the modulo value of 61 here because it is the maximum allowed prime value considering the 31-bit limitation in the initialization seed. It is easy to see that the prime modulo value leads better performance of interference randomization for NPDSCH since the scrambling sequence is repeated after a longer duration. Suppose that an NPDSCH TB includes 
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, which is used in the initialization of the introduced scrambling sequence, is repeated after 
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The mapping method from the bit to the phase sequence is the same as NPBCH.

The applicable scenarios of the new scrambling method for NPDSCH are the same as NPDCCH with the same reasons provided in section 2.2.
Based on the discussion, we make two proposals:
Proposal 3: Introduce symbol-level scrambling for Rel-14 NPDSCH, and use the equation below to initialize the scrambling sequence at the beginning of every NPDSCH subframe. The mapping rule from bit to phase for the scrambling sequence is the same as NPBCH.
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Proposal 4: The new scrambling method for Rel-14 NPDSCH is introduced in the following scenarios:

· NPDSCH scrambled with RA-RNTI, TC-RNTI and P-RNTI on non-anchor carriers.
· NPDSCH scrambled with C-RNTI, and can be enabled by RRC signalling.
· NPDSCH scrambled with SC-RNTI and G-RNTI.
4 NPUSCH
4.1 Legacy scrambling mechanism

According to the 36.211 specification, the scrambling sequence of NPUSCH with multi-tone 15 kHz is initialised every 
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 for NPUSCH with 15 kHz. So it can be seen that the multi-tone NPUSCH also has low diversity of the scrambling sequence during its transmission, which is similar as NPDSCH.
This is not good for the interference randomization, especially when UE is interference limited. For example, when UE is located at the edge of intra-cell sectors or experiencing interference from other UEs under other eNBs, then the NPUSCH may suffer a strong interference even though the pathloss of UE to its own eNB is relatively small. Then the non-eliminated interference due to the repeated scrambling sequence will impact the demodulation performance of NPUSCH.
4.2 Improved solution
There are two principal options to optimize the scrambling mechanism. One option is to introduce symbol-level scrambling like NPDSCH, and another is to adjust only the scrambling initialization formula in Rel-14 NPUSCH and not introduce symbol-level scrambling. According to the discussion in Section 4.1, only the multi-tone case has slot-level repetition and the single-tone NPUSCH only repeats at TB level. So the two options are equivalent for single-tone NPUSCH, because each repetition of NPUSCH TB reinitializes a scrambling sequence. However, for multi-tone NPUSCH, since each 
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 times together with its scrambling sequence, correcting only the bit-level scrambling initialization cannot improve the interference randomization within the 
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 slots. In this case, introducing symbol-level scrambling is a better than just correcting the scrambling initialization formula at bit-level for NPUSCH. 
However, the option of correcting only the scrambling initialization formula is also workable, because if a multi-tone NPUSCH suffers serious interference, then eNB can re-schedule the data with single-tone way.
Similar with NPDSCH, the equation of initialization for the scrambling sequence for 15 kHz multi-tone NPUSCH can be:
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We suggest focusing on multi-tone NPUSCH considering the available time, since the cyclic repetition is the basic cause of the coherent combining of interference, whereas single-tone does not use cyclic repetition so the impact of this issue is very much smaller.
The choice of modulo value 61 is according to the same analysis given in section 3.2, and the mapping method from the bit to the phase sequence is the same as NPBCH. We present simulation results evaluating the proposed scrambling:
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Figure 3: BLER performance of the proposed NPUSCH scrambling for a 12-tone allocation in a fading channel.
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Figure 4: BLER performance of the proposed NPUSCH scrambling for a 12-tone allocation in AWGN.
The applicable scenarios of the new scrambling method for NPUSCH are the same as NPDSCH with the same reasons provided in section 3.2.

Based on the discussion, we make two proposals:
Proposal 5: Introduce I/Q-symbol level scrambling for Rel-14 15 kHz multi-tone NPUSCH, and use the equation below to initialize the scrambling sequence at the beginning of every 
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 slots. The mapping rule from bit to phase for the scrambling sequence is the same as NPBCH.
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Proposal 6: The new scrambling method for Rel-14 NPUSCH is introduced in the following scenarios:
1) Msg3 on non-anchor carriers.

2) NPUSCH scrambled with C-RNTI, enabled by RRC signalling.

5 Conclusions
In this paper, the consideration for the improved scrambling method on Rel-14 NPDSCH/NPDCCH/NPUSCH is provided.

The following proposals are made.

Proposal 1: Introduce symbol-level scrambling for Rel-14 NPDCCH, and use the equation below to initialize the scrambling sequence at the beginning of every NPDCCH subframe. The mapping rule from bit to phase for the scrambling sequence is the same as NPBCH.
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Proposal 2: The new scrambling method for Rel-14 NPDCCH is introduced in the following scenarios:

· Type1-CSS and Type2-CSS on non-anchor carriers.
· Type1A-CSS and Type2A-CSS.
· USS, enabled by RRC signalling.

Proposal 3: Introduce symbol-level scrambling for Rel-14 NPDSCH, and use the equation below to initialize the scrambling sequence at the beginning of every NPDSCH subframe. The mapping rule from bit to phase for the scrambling sequence is the same as NPBCH.
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Proposal 4: The new scrambling method for Rel-14 NPDSCH is introduced in the following scenarios:

· NPDSCH scrambled with RA-RNTI, TC-RNTI and P-RNTI on non-anchor carriers.
· NPDSCH scrambled with C-RNTI, and can be enabled by RRC signalling.
· NPDSCH scrambled with SC-RNTI and G-RNTI.
Proposal 5: Introduce I/Q-symbol level scrambling for Rel-14 15 kHz multi-tone NPUSCH, and use the equation below to initialize the scrambling sequence at the beginning of every 
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 slots. The mapping rule from bit to phase for the scrambling sequence is the same as NPBCH.
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Proposal 6: The new scrambling method for Rel-14 NPUSCH is introduced in the following scenarios:
1) Msg3 on non-anchor carriers.

2) NPUSCH scrambled with C-RNTI, enabled by RRC signalling.
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