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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. The issues related to codeword to layer mapping for PDSCH and PUSCH were almost settled. However, till now there is not much discussion on data scrambling for data channels. In RAN190bis, there was a discussion on this aspect and the following agreements were made after the email discussion. 
Agreements:
· The c_init for data scrambling depends at least on a “Scrambling ID” parameter configured to the UE by RRC. FFS whether one RRC parameter is used for c_init for both PUSCH and PDSCH or if two independent RRC parameters is used.

However, in our view, till now no contribution discussing the data scrambling aspects for NR PDSCH and PUSCH. Hence in this contribution, we analyze the data scrambling design options for NR PDSCH and PUSCH. From our analysis, we found that the impact of c_init on the performance is very negligible. Hence we propose that in NR, the c_init should depend only one RRC configured parameter.
Data Scrambling Design Options 
Data scrambling is used for suppressing the interference from the neighbouring cells. As shown in Figure 1, bit level scrambling is applied once the bits belong to the transport blocks are encoded by the forward error correction code. 
Antenna Mapping
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Figure 1 Data Scrambling for Data Channels

As shown in Figure 1, the scrambling sequence is initialized with the input parameter c_init. If the two cells have different scrambling codes and assuming channel encoders acts like a spreader this is equivalent of WCDMA/HSPA, where the PN sequence/scrambling sequence differentiates cells. The same principle is applied in LTE and all the transport channels have data scrambling.  For NR, we can use the same principle for generating the sequence. Note that in LTE the sequence is generated as follows 



Pseudo-random sequences are defined by a length-31 Gold sequence. The output sequence  of length, where, is defined by 





where  and the first m-sequence shall be initialized with. The initialization of the second m-sequence is denoted by  with the value depending on the application of the sequence.
For NR, we can envision two design options for C_init 
· Option 1: LTE Design:  In LTE, the value of C_init depend on the UE –ID of 16 bits (RNTI), codeword index, slot index, and the cell identifier. 

         
· 
Option 2: Compact Design: In this option, C_init depends only one parameter rather than depending on many parameters.  This is because the dependence of timing information such as the slot information complicates the data decoding of unlicensed operation of NR. Hence 
Where A is a constant, Sid is the scrambling identifier.

Code Domain Analysis 
For understanding the impact of the each of these design options, we generated the scrambling codes as define design option 1 (LTE specification) and compare their cross correlation properties.  Let’s define two sequences X1(n) and X2(n), where X1 and X2 are generated with different C_init values.  Figure 2 shows the cross correlation of X1(n) and X2(n)  where the peak is normalized such that the auto-correlation at zero lag are identically 1.0. It can be observed
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Figure 2 Cross correlation between X1 and X2 , where X1 and X2 differ in RNTI, Cell ID, slots, and q
As a second example, for checking the impact of Cell -ID, we use the same value of UE-ID, slot number and the value of q same for both X1 and X2. That is X1 and X2 are generated with different c_init, where the c_init is differentiated by only cell –ID.  Figure 3 show the cross correlation between X1 and X2 , in this case, we can observe that the peak is almost same as that of example 1 ,where each of the parameter used for generation of C_init is different. Hence we can conclude that the cross correlation does not depend on the RNTI, slot number, cell-ID, or codeword index. 
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Figure 3 Cross correlation between X1 and X2, where X1 and X2 differ in only in Cell ID, all the remaining parameters are same
Simulation Scenario
For understanding the benefits of scrambling codes in the coding chain, we simulated a multi-link scenario as shown in Figure 4. The serving cell is cell A, Cell B is another node which can be treated as a dominant interferer. The noise includes both thermal noise and other-cell interference (non-dominant). In this contribution we model the dominant interference from only one cell. Mathematically the received signal (r) can be expressed 
                    

                                                                                         (1)





where the channel between Cell A and the UE,   is the channel between the Cell B and the UE, and Pa and Pb are the transmitted power levels from the two cells, respectively. Note that the transmission power accounts for all control channels, traffic channels and the other overhead.  The transmitted signals are,  from the two cells, and n is the additive white Gaussian noise which includes both the thermal noise and other-cell interference.   With this model in mind, let’s define Ior as the received power due to the desired cell and Ioc as the power due to the dominant interferer. Note that Ioc does not include the noise power.
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Figure 4 Set up for studying the Impact of Interference due to different scrambling ID 
The link simulations assumptions are given in Table 1.  We plotted the link spectral efficiency of  UE1 with Ioc= -100 dB and -10 dB. Note that Ioc= -100 dB (no interference due to cell B) is the upper bound on the link performance. 
Table 1 Simulation assumptions
	Assumptions 
	Value 

	Carrier frequency
	4.0 GHz 

	Duplex 
	FDD

	System Bandwidth 
	10 MHz 

	Slot length 
	14 OFDM symbols

	Subcarrier spacing 
	15KHz

	Guard time interval
	4.7us (interval of LTE normal CP) as baseline

	FFT size 
	1024

	Data transmission bandwidth 
	6 RB for 15 KHZ spacing 

	Antenna  configuration
	(4, 4)

	Number of codewords
	1

	Channel encoder
	LTE turbo code

	MCS 
	Link adaptation

	Control Overhead 
	Zero

	Channel estimation 
	Practical

	UE speed
	3Kmph

	Channel Model
	 TDL-A



Note that we define the spectral efficiency as 
Spectral efficiency = TBS*(1-BLER)/ (T*BW)
Where, TBS is the transport block size in bits, BLER is the block error rate, T is the time duration of one subframe, and BW is the actual bandwidth used for data transmission.    Figure 4 shows the spectral efficiency when the Cell B scrambling id is generated with different c_init. 
[image: ]
Figure 4 Spectral efficiency comparison with different Ioc values when the scrambling ids of Cell A and Cell B are different 


[image: ]
Figure 5 Spectral efficiency comparison with different Ioc values when the scrambling ids of Cell A and Cell B are same 
Figure 5 shows the spectral efficiency comparison when the cell id of cell A and cell B are exactly equal, i.e. c_init is same. In this case, we didn’t observe any change in the performance of UE1. Note that similar results are obtained in [1]. Hence we conclude that the scrambling id does not provide any robustness to interference. Rather it provides a physical layer encryption. Hence we propose that a single UE-specific id can be used for generation of scrambling Id.
Hence we prefer design option 2. 
[bookmark: _GoBack]Proposal 1:   We prefer C_init should depend only on one UE-specific scrambling Id for both PDSCH and PUSCH 
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In this contribution we analyse the data scrambling aspects for NR PDSCH and PUSCH. Based on our observations we recommend
Proposal 1:   We prefer C_init should depend only on one UE-specific scrambling Id for both PDSCH and PUSCH 
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 With Ioc=-10 dB, with same scrambling ID
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