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1
Introduction
This contribution investigates how to initialize scrambling sequence generator for the data channel.
2
Scrambling sequence generation
RAN1 agreements regarding scrambling and DMRS are summarized in Table 1 below [1]:
Table 1. Summary of RAN1 agreements on scrambling and DMRS
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In this section, we address how to define the sub-frame number (or the slot number), which is the only remaining issue in data scrambling. 
The basic principle is to reuse as much of the existing function of PUSCH scrambling sequence generator as possible. Current initialization function of PUSCH scrambling sequence generator is defined as following equation.
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where
[image: image3.wmf]RNTI

n

corresponds to the RNTI associated with the PUSCH transmission,
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for the number of code words, and
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indicates a sub-frame number within a radio frame. 
For D2D data scrambling, the definition of some parameters of the initialization function above would be modified based on the agreements in Table 1. 
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which indicates SA ID in Table 1. The parameter 
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can be simply fixed to 0, since it is expected that one code word is supported in Rel-12 D2D communication. 
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 would be fixed to 510 for the interference randomization between D2D and cellular physical channels.

For 
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, the sub-frame number cannot be used for D2D since it is not be applicable for the inter-cell D2D communication. The UE in a serving cell may not have the correct sub-frame number of the D2D communication which is from the UE in a neighboring cell. 

For the replacement of the sub-frame number, several options can be considered while inter-cell D2D communication is supported. The first option is to define the sub-frame number inside a SA period. The second one is to define the sub-frame number in one or two T-RPT bitmap size. The third one is to define the sub-frame number in (re)transmission of a data packet. The last one is to fix the sub-frame number.
For the first option as given in Figure 1, the SA period is expected to be at least 40ms. Then the number of bits required to present the sub-frames in a SA period can be larger than 4 bits, e.g. 6 bits for 40 sub-frames in a SA period. It leads to the revision of the current initialization function of PUSCH scrambling sequence generator.
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Figure 1. SA period of 40ms
For the second option, current working assumption on a T-RPT bitmap size is 8, which corresponds to 8 sub-frames. If we use the sub-frame number in one or two T-RPT bitmap size (8 or 16 sub-frames) as shown in Figure 2, the current initialization function of PUSCH scrambling sequence generator can be re-used as much as possible. The range of the sub-frame number is {0,1,…,6,7} and {0,1,…,14,15}, respectively.
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Figure 2. T-RPT bitmap size of 8 sub-frames
For the third option, four ‘1’s of T-RPT can correspond to 4 (re)transmissions of a data packet and the next four ‘1’s for the next data packet. Then the range of the sub-frame number would become {0, 1, 2, 3} for each data packet as shown in Figure 3. This approach also can be covered by the current initialization function of PUSCH scrambling sequence generator. For the interference randomization effect, the second option would be advantageous compared to the third one.
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Figure 3. Four ‘1’s of T-RPT
The last option is not preferred due to the limited randomization effect. In case of discovery message and SA, all parameters need to be fixed, since all receiving UEs should be able to perform de-scrambling. However, data de-scrambling is only required for receiving UEs that decoded associated SA with interested SA ID. Therefore, the sub-frame number derived from the information related to SA can be used to provide additional interference randomization effects instead of using the fixed sub-frame number.
From the discussion above, we prefer the second option in consideration of the interference randomization effect and re-using the current initialization function of PUSCH scrambling sequence generator as much as possible. The resulting initialization function of D2D data scrambling sequence generator can be written as following equation.

[image: image14.wmf]ë

û

cell

ID

9

RPT

-

s_T

13

14

SA_ID

init

2

2

2

2

N

n

q

n

c

+

×

+

×

+

×

=


where 
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 indicates SA ID in Table 1, 
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is 0 for Rel-12 D2D data scrambling, and 
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 represents the sub-frame number in one or two T-RPT bitmap size, which corresponds to 8 sub-frames or 16 sub-frames, respectively.
Proposal:
· The sub-frame number in one or two T-RPT bitmap size is used for the initialization function of D2D data scrambling generator.
3
Conclusion

Based on the discussion in this contribution, we propose following.
Proposal:
· The sub-frame number in one or two T-RPT bitmap size is used for the initialization function of D2D data scrambling generator.
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