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1
Introduction
At various instances of the transmit signal generation process, scrambling needs to be applied.  This is to avoid persistent interference between different signals and to avoid undesired signal spectrum properties. 

For certain signals, it is beneficial to have the scrambling associated with the resource element the signal occupies, for other type of scrambling sequence applications, it is better to have the scrambling sequence to be disassociated from the resource element occupied. 

In this contribution, we propose a scrambling sequence generation approach that can be used for all applications.     
2
Scrambling Proposal
We propose using a binary m-sequence as the basic scrambling code. For different purposes, different cyclic shifts of the same sequence are used. The underlying assumption is that the different shifts of the same sequence are sufficiently decorrelated. 
The shift register sequence length should be sufficiently large. Here we assume a 50-bit shift register, which is capable of generating a sequence with a period of 250. 

The generating polynomial 
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 is the same for all applications, which avoids having to reconfigure the shift registers. 
The shift register is set to the same initial stage for every application. 

The different cyclic shifts are achieved by modulo-2 summing certain register outputs, where the choice of which register outputs to be included in the sum controls the cyclic shift selection. 

An example architecture is shown in Figure 1 below.  
Note that each of the polynomial coefficients 
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 represent a connection if the coefficient is ‘1’ and no connection if the coefficient is ‘0’.  
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Figure 1  Scrambling Sequence Generator

As mentioned earlier, we individualize the scrambling sequences by the choice of the register outputs. Since we have 50 shift registers, we can have 50 selector bits, giving 250 different shifts. 

The allocation of the controlling 50 bits is defined as follows. 

The 50 bits are divided into the first 2 bits that are reserved, the next 4 bits that are the channel/signal type, and the remaining 44 bits that are allocated in a channel/signal-specific manner. This is shown in Table 1 below. 
	Field
	Sequence selector assignment
	Number of bits

	Reserved
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	Channel/signal type
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Table 1  Scrambling Selector Bit Designation
The channel/signal types are simply enumerated as listed in Table 2 below:
	Channel/Signal
	Channel type value

	PRS (normal CP)
	‘0000’

	PRS (extended CP)
	‘0001’

	PDCCH
	‘0010’

	PCFICH
	‘0011’

	PHICH
	‘00100’

	PBCH
	‘0101’

	PMCH
	‘0110’

	PDSCH
	‘0111’

	PUSCH
	‘1000’

	Other 
	Reserved


Table 2  Channel Type Value Assignment
Note that 10ms periodicity is assumed for: PRS (normal and extended CP), PDCCH, PDSCH, PUSCH. Also, 40ms periodicity is assumed for PBCH. For PCFICH, PHICH and PMCH a decision on the scrambling periodicity is to be made. 
The channel-specific fields are defined separately for each channel type as shown below. 
PRS (normal CP) signal specific fields: 
	Parameter
	Number of bits

	SSC_ID
	8

	Antenna_ID
	2

	Subframe_ID
	4

	Symbol_ID
	4

	Frequency_+/-
	1

	Reserved
	25


Table 3  PRS (normal CP) signal-specific Fields
PRS (extended CP) signal specific fields: 

	Parameter
	Number of bits

	Cell_ID
	9

	Antenna_ID
	2

	Subframe_ID
	4

	Symbol_ID
	4

	Frequency_+/-
	1

	Reserved
	24


Table 4  PRS (extended CP) signal-specific Fields
PDCCH Channel-specific fields: 

	Parameter
	Number of bits

	Cell_ID
	9

	Subframe_ID
	4

	Symbol_ID
	4

	Reserved
	27


Table 5  PDCCH Channel-specific Fields
PDSCH Channel-specific fields: 

	Parameter
	Number of bits

	Cell_ID
	9

	UE MAC_ID
	16

	Stream_ID
	1

	Code block ID
	6

	Reserved
	12


Table 6  PDSCH Channel-specific Fields
Note that the table above assumes the possibility to have a PDSCH scrambling that is a function of the Cell_ID as well as of the UE MAC_ID.
PBCH Channel-specific fields: 

	Parameter
	Number of bits

	Cell_ID
	9

	Frame_ID
	2

	Subframe_ID
	4

	Symbol_ID
	4

	Reserved
	25


Table 7  PBCH Channel-specific Fields

PCFICH Channel-specific fields: 

	Parameter
	Number of bits

	Cell_ID
	9

	Subframe_ID
	4

	Reserved
	31


Table 8  PBCH Channel-specific Fields

PHICH Channel-specific fields: 

	Parameter
	Number of bits

	Cell_ID
	9

	??
	??

	Reserved
	??


Table 9  PBCH Channel-specific Fields

PMCH Channel-specific fields: 

	Parameter
	Number of bits

	Cell_ID
	9

	??
	??

	Reserved
	??


Table 10  PMCH Channel-specific Fields

PUSCH Channel-specific fields: 

	Parameter
	Number of bits

	UE MAC_ID
	16

	Code block ID
	6

	Reserved
	22


Table 11  PUSCH Channel-specific Fields

2.4
Use of the Scrambling Sequence

The sequence generator is reset at the beginning of every application of the scrambling. This is done once at each symbol for the DL RS, and once for every code block in the case of the PDSCH, for example.  
For the scrambling of binary encoded bits, one scrambling bit is taken for each encoded bit. 

For the generation of the PRS sequences, two scrambling sequences are generated, distinguished by the Frequency_+/- bit. The first sequence is used to scramble the ‘positive frequencies’ starting from the smallest positive frequency and mapped to DL RS tone indeces in the order of increasing frequency.  The second sequence is used to scramble the ‘negative frequencies’ starting from highest negative frequency (i.e. closest to DC) and mapped to the DL RS tone indeces in the opposite order. This guarantees that the PRS in the center of the system band is the same irrespective of the system bandwidth [1]. At the same time, it does not require to generate the entire scrambling sequence at each OFDM symbol carrying PRS for the entire possible 220 PRS length. 
2.3
Complexity Considerations
The proposed structure enables using a single shift register to generate all scrambling sequences. This assumes that the shift register is clocked as many times as required for the longest scrambling sequence. For shorter sequences, only the initial part corresponding to the appropriate length is taken.    
It is also possible to have multiple instances of the shift register, one for each application, which may fit certain hardware architectures better. 

3
Conclusions

A simple PRN scrambling sequence generator structure is proposed. The proposed solution is flexible enough to enable generating scrambling sequences for current applications and also for new applications that may be added in the future.    
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