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1
Introduction
At RAN1 #51bis, it was decided to use a 31-element Gold sequence generator for scrambling sequence generation purposes. In this contribution we propose details of applying the scrambling sequence to the DL RS.       
2 RS Scrambling Proposal
2.1
Sequence Generator
The Gold sequence had already been described in [1].  

2.2

RS Sequence Seed Composition
The different RS sequences are distinguished by applying different seed bits.  There can be up to 31 bits used for this purpose.  For the common RS, the proposed RS sequence seed bit allocation is shown in Tables 1 and 2 for the normal CP and extended CP cases, respectively.    
	Parameter
	Number of bits

	SSC_ID
	8

	Antenna_ID
	2

	Subframe_ID
	4

	Symbol_ID
	4

	(Frequency_+/-)
	(1)  0

	Reserved
	(12)  13


Table 1  PRS (normal CP) signal-specific Fields
	Parameter
	Number of bits

	Cell_ID
	9

	Antenna_ID
	2

	Subframe_ID
	4

	Symbol_ID
	4

	(Frequency_+/-)
	(1)  0

	Reserved
	(11)  12


Table 2  PRS (extended CP) signal-specific Fields
For the dedicated RS, the proposed RS sequence seed bit allocation is shown in Table 3.    

	Parameter
	Number of bits

	UE MAC_ID
	16

	Subframe_ID
	4

	Symbol_ID
	4

	Reserved
	7


Table 3  PRS (dedicated) signal-specific Fields

2.1
RS Sequence Initialization Period
The sequence generator is reset at the beginning of every symbol. Since the Symbol_ID and Subframe_ID are input the sequence generation initialization, the resulting period of the RS scrambling sequence is 10ms. 
2.2
Application of the RS Scrambling Sequence 
2.2.1
Common RS

The common RS has to have a nested scrambling sequence in the sense that the scrambling in a wider or narrower system bandwidth case must be identical in their overlapping part. This could be achieved by generating a single scrambling sequence corresponding to the greatest BW case and then use the appropriate length middle section as needed for the operating BW.  This, however, would require generating a lot more scrambling bits than what actually gets used. Instead, we propose to generate the RS scrambling sequence ‘from the center outwards’. 
This could be achieved in two alternate ways: 

1. For the generation of the PRS sequences, two scrambling sequences can be 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 indices 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 indices in the opposite order. This guarantees that the PRS in the centre of the system band is the same irrespective of the system bandwidth. 
2. The same sequence is used for positive and negative frequencies obtaining the two halves by decimation, e.g. odd samples for the positive frequencies and even samples for the negative frequencies. More precisely, since two samples are used for each tone due to the QPSK scrambling, samples with index = 2 or 3 (mod 4) are used for positive frequencies and samples with index = 0 or 1 (mod 4) are used for negative frequencies.  In this solution, the Frequency_+/- bit is not used.
Depending on the chosen solution (i.e. 1. or 2. above), the Frequency_+/- bit may not be necessary.  

The scrambling generator is clocked only for the RS tones for the given antenna and not for tones occupied by data or control tones. 

For each RS tone, the scrambling generator is clocked twice to get one samples each for I and Q.  

Note that if the same PRS is used on all antenna ports then the antenna_ID field can be removed from the set of initialization parameters (Tables 1 and 2). 
2.2.2
Dedicated RS

For the dedicated RS, no nested sequence structure is required. In order to simplify the sequence generation, we propose the sequence to be independent of the RB position. 
The sequence is applied from the highest frequency allocated to a UE to the lowest frequency in order.  The sequence generator is initialized at the highest dedicated RS tone.  The scrambling generator is clocked only for the RS tones for the given antenna and not for tones occupied by data.  

For each RS tone, the scrambling generator is clocked twice to get one samples each for I and Q 
3
Conclusions

A solution was proposed for DL RS scrambling sequence.  The same scrambling generator structure is used as for general purposes.  The required nested scrambling sequence structure is achieved by starting the scrambling from the middle of the bandwidth and applying the scrambling sequences ‘outwards’.   .    
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