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1 Introduction

In RAN1#51bis, Gold sequence c(n) based on feedback polynomial degree L=31 is agreed [1]. And then, in RAN1#52, the initialization method of both two m-sequence is agreed [2]. In current RAN1 assumptions, the first M bits of c(n) are used as scrambling code for different channels and reference signals, where M is a number determined by the type of channels/RS. In this document, we show some remaining issue in current generation method of scrambling code, and then discuss some possible way forward. 

2 Scrambling sequence generation
In RAN1 meeting #51bis, Gold codes based on feedback polynomial degree L=31 with the following generator polynomials are agreed [1]:

· D31+D3+1 for the top register, generating the sequence x(i);
· D31+D3+D2+D+1 for the lower register, generating the sequence y(i).
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Figure 1: Gold sequence generation, L=31.

The top register is initialized with a fixed pattern x(0)=1 (MSB), and x(1)=…=x(30)=0. While the lower register is initialized with Cell_ID, subframe number, OFDM symbol number and UE ID, etc. The detailed initialized method is captured in [2]. E.g. for PCFICH, “Cell_ID+ Subframe_Num ∙ 29” is used as initialization value; for cell-specific RS, “Cell_ID+ Subframe_Num ∙ 29 + OFDM_Symbol_Num ∙ 213” is used. 
3 Discussion 
3.1 Problem of cell common bits
For illustration purposes, it is assumed that the seed bits other than cell ID are ‘0’. Then, assuming only Cell ID (9 bits) is used in initialization, it is obvious that 22 cell common ‘0’ bits appear among the first 31 bits of c(n), as illustrated in Figure 2. Moreover, 19 cell common ‘0’ bits are output among the second 31 bits of c(n). 
[image: image2.wmf] 
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Figure 2: Cell common bits
Continuing the calculation this way, 92 cell common ‘0’ bits appear in the beginning 227 bits of c(n). The positions of cell common ‘0’ bits are summarized in Table 1. 
Table 1: summary of position of cell common bits
	Bit position of c(n)
	Number of bits
	Remark 

	0~8
	9
	Different between cells

	9~30
	22
	Same between cells

	31~39
	9
	Different between cells

	40~58
	19
	Same between cells

	59~70
	12
	Different between cells

	71~86
	16
	Same between cells

	87~101
	15
	Different between cells

	102~114
	13
	Same between cells

	115~132
	18
	Different between cells

	133~142
	10
	Same between cells

	143~163
	21
	Different between cells

	164~170
	7
	Same between cells

	171~194
	24
	Different between cells

	195~198
	4
	Same between cells

	199~225
	27
	Different between cells

	226~226
	1
	Same between cells

	227~
	　
	Different between cells


· Due to the presence of cell common bits, the performance of pseudo random sequence used in different physical channels and reference signals are degraded. For example,

· Cell specific RS

The beginning 440 bits of c(n) are always used to generate RS sequence for BW 110RB, and according to Table 1, there are 92 cell common bits in the first 227 bits of c(n), resulting in about 46 cell common RS sub-carriers corresponding to the amount of RS for 23 RBs. 
· For BW of 110RB, there are 46 cell common RS subcarriers;

· For BW of 100RB (20MHz), center 400 bits of c(n) are used, resulting in about 40 cell common subcarriers
· For BW of 6RB (1.4MHz), center 24 bits of c(n) are used and only 1 bit in the 24 bits is cell common, which should bear no problem.
· PCFICH

· Scrambling code is of length 32 and 22 bits are cell common among those 32 bits. 

· Since PCFICH position is dependent on cell ID, the impact of cell common bits may not be serious for larger bandwidth, but for smaller bandwidth, e.g. 1.4MHz, good scrambling is still needed to randomize the interference between the PCFICH symbols occupying the same subcarriers between different cells. 

3.2 Subframe/OFDM symbol index in the initialization seed
As seen in the agreed contribution [2], subframe and OFDM symbol indexes are included in the initialization seed of the Gold scrambling sequence. Hence, the output sequence c(n) will change depending on the information. However, in inter-cell synchronous networks, such information is the same for all cells, then it could make the sequence c(n) of a cell different in different subframe/OFDM symbol, but it will not contribute to the difference of output sequence for different cells.  

We need to consider how to use subframe number and OFDM symbol number to randomize interference among cells in difference subframe and OFDM symbol.
3.3 Removing first M bits of c(n)

According to discussion in section 3.1, M could be 227 to remove all cell common bits. 

· Solve the issue of cell common bits with the least change to current design. However, removing first 227 bits seems a bit complex and not attractive. 

· Cannot resolve the issue in section 3.2.

4 Proposal
Based on the discussions, modified initialization methods for the scrambling sequence generators are proposed. In the proposals below, the information used for the seed is categorized into two types, as given below: 
· Cell ID: different for each cell;

· Other remaining information

· Subframe number, OFDM symbol number: common to all cells in synchronized network.

· UE ID, etc. 

The initialization code for lower register is generated by following steps
· Step 1: Cyclic extension of cell ID to 31 bits, denoted as x;
· Step 2: concatenate all other initialization information, and then cyclic extend it to 31 bits, denoted as y;

· Step 3: The initialization seed is given by 
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E.g. for cell specific RS, Cell ID (9 bits), Subframe number (4 bits) and OFDM symbol number (4 bits) are used in initialization, the initialization code generation method is shown in Figure 3.
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Figure 3: Initialization code generation

The cyclic extension function in Step 1 and Step 2 could be defined as 
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, where 
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 is the number of bits to represent the initialization information z. The initialization value for each type of physical channel and reference signal are summarized in Table 2 and Table 3. 
In step 3, algebraic addition is selected, since it can randomize inter-cell interference in different sub-frame/OFDM symbol as discussed in section 3.2. We may use XOR function instead if such an effect is not pursued. 
Table 2: Lower register initialisation patterns for each physical channel

	Physical Channel
	Lower register initialisation value (starting from the LSB)
	Re-initialisation Period

	PDSCH
	Cyclic_ext(Cell_ID) + Cyclic_ext(Subframe_Num + Stream_ID ∙ 24 + UE_ID ∙ 25) mod 231
	Subframe

	PMCH
	Cyclic_ext(MBSFN_Area_ID) + Cyclic_ext(Subframe_Num) mod 231
	Subframe

	PDCCH
	Cyclic_ext(Cell_ID) + Cyclic_ext(Subframe_Num) mod 231
	Subframe

	PCFICH
	Cyclic_ext(Cell_ID) + Cyclic_ext(Subframe_Num) mod 231
	Subframe

	PHICH
	Cyclic_ext(Cell_ID) + Cyclic_ext(Subframe_Num) mod 231
	Subframe

	PBCH
	Cyclic_ext(Cell_ID) mod 231
	4th radio frame

	PUCCH
	Cyclic_ext(Cell_ID) + Cyclic_ext(Subframe_Num + UE_ID ∙ 25) mod 231
	Subframe

	PUSCH
	Cyclic_ext(Cell_ID) + Cyclic_ext(Subframe_Num + UE_ID ∙ 25) mod 231
	Subframe


Table 3: Lower register initialisation patterns for each reference signal

	Physical Signal
	Lower register initialisation value (starting from the LSB)
	Re-initialisation Period

	Cell Specific RS (normal and extended CP)
	Cyclic_ext(Cell_ID) + Cyclic_ext(Subframe_Num + OFDM_Symbol_Num ∙ 24) mod 231
	OFDM Symbol

	MBSFN RS
	Cyclic_ext(Cell_ID) + Cyclic_ext(Subframe_Num + OFDM_Symbol_Num ∙ 24) mod 231
	OFDM Symbol

	UE Specific RS
	Cyclic_ext(Cell_ID) + Cyclic_ext(Subframe_Num + UE_ID ∙ 24) mod 231
	Subframe


5 Conclusion

Based on discussion above, to eliminate all cell common bits and randomize inter-cell interference in different subframe/OFDM symbol, we propose to adopt the scheme discussed in section 4. 
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