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1. Introduction
In meeting #51bis, RAN1 decided to use Gold sequences with L=31 for the LTE scrambling sequences. The method of generating cyclically distinct sequences within a family was outlined and an example was given in [Ref 4] where two shift register are used, one initialised with a common known non-zero pattern of bits and the second shift register initialised using a Cell/UE specific sequence selected for the use case.
The remaining points to be agreed for the definition of the scrambling sequences are:

· The known fixed non zero bit pattern used to initialise the “top register”
· The initialisation of the “bottom register”
In this contribution, we discuss the register initialization for scrambling sequence generation in LTE. Based on the discussion, we put forward the following specific proposal for a simple, common, initialisation sequence for scrambling code generation.

2. Initialization for the Scrambling Code Generator

2.1
 Discussion

Based on the latest agreed version of 36.211 as well as recent RAN1 contributions on this topic [Ref 1][Ref 2]

 REF _Ref189538276 \r \h 
[Ref 3]

 REF _Ref189453529 \r \h 
[Ref 4], we summarize our view on the initialization requirements in Table 1 and Table 2, and add the following comments:
· It is not required to reserve a separate initialization space (effectively a different set of scrambling sequences) for MBSFN and unicast transmissions (MCH vs. DL-SCH, unicast RS vs. MBSFN RS), for reasons outlined below. Reusing the same initialization spaces helps keep the initialization field short (saving 1 bit).

· The unicast and MBSFN frame structures (RS placement, PMCH and PDSCH RE locations) are different.

· If a carrier is reserved for MBSFN in an entire network or its large part (likely scenario) then interference between unicast cells and MBSFN areas will not be present.
· For the reference signals, initializing every symbol is preferred. The reason is that for lower bandwidths, one anyway has to make jumps in the scrambling sequence between symbols and initializing every symbol simplifies this jumping. The 10 ms period of the reference signal sequence is still maintained, by including the subframe number within the radio frame in the initialization.

· The RS initialisation sequences should be unique for antenna ports 0 to 3. If we use the same sequence for each port then by design we always transmit the same symbol on some time-contiguous REs (RS locations corresponding to different antennas). Thus, if we use the same initialisation sequence for all antenna ports this will introduce some correlation into the DL signal. Ideally we would like all transmissions from a cell to be seen as uncorrelated inter cell interference by the neighbouring cells. Therefore using unique initialisation sequences for antenna ports 0 to 3 is preferred.

Table 1. Scrambling initialization proposal.
	channel
	Scrambling Code Initialisation Bits

	PUCCH, 

PUSCH
	9 (CELL_ID)

16 (UE_ID)

1 (stream ID set to 0)

4 (subframe number within radio frame)

	PBCH
	9 (CELL_ID)

16 (UE_ID set to BCCH RNTI)

1 (stream ID set to 0)

4 (subframe number set to 0)

	PDCCH
PCFICH
PHICH
	9 (CELL_ID)

16 (UE_ID set to 0)

1 (stream ID set to 0)

4 (subframe number within radio frame)

	PDSCH
	9 (CELL_ID)

16 (UE_ID)

1 (stream ID)

4 (subframe number within radio frame)

	PMCH
	9 (MBSFN_AREA_ID)

16 (UE_ID set to 0)

1 (stream ID set to 0)

4 (subframe number within radio frame)


Table 2. RS initialization proposal (pseudo-random part).
	channel
	Scrambling Code Initialisation Bits

	RS (Cell-Specific)
	9 (CELL_ID)

16 (OFDM symbol number within subframe)

2 (Antenna port number)

4 (subframe number within radio frame)

	RS (MBSFN)
	9 (MBSFN_AREA_ID)

16 (OFDM symbol number within subframe)

2 (Antenna port number set to 0)

4 (subframe number within radio frame)

	RS (UE-Specific)
	9 (CELL_ID)

16 (UE_ID)

2 (Antenna port number set to 0)

4 (subframe number within radio frame)


2.2 Scrambling Sequence Generation Proposal
2.2.1 Gold Sequence Generation with L=31

It was decided in the RAN1 meeting #51bis to adopt Gold codes based on feedback polynomial degree L=31 with the following generator polynomials:
· 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 following register initialisation method is proposed:

· Fill the top register with the following fixed pattern x(0)=1, and x(1)=…=x(30)=x(31)=0.

· Fill the lower register as described in section 2.2.2 and 2.2.3.
2.2.2 Lower Register Initialization Proposal (Physical Channels)
For simplicity it is proposed that the following common set of elements are used to initialise the scrambling sequence for all physical channels, UL and DL:

· Cell ID (9 bits)
· UE ID (16 bits)
· Stream ID (1 bit)
· Subframe number (4 bits)

The specification will need to be unequivocal about the initialization, we propose the following:
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However not all fields are valid for all physical channels therefore the following exceptions are proposed:

· The PBCH uses BCCH RNTI in place of UE_ID. 
· The BCCH over PDSCH uses BCCH RNTI in place of UE_ID.

· The PCH over PDSCH uses PCCH RNTI in place of UE_ID.

· The PDCCH, PCFICH, PHICH and PMCH use a dummy 16-bit all-zero UE_ID field.
· The PMCH uses the MBSFN Area ID in place of the Cell ID
· Whenever SU-MIMO is not applicable, the Stream ID is set to 0.

2.2.3 Lower Register Initialization Proposal (Reference Signals )

An almost identical approach to that used for the physical channels is proposed for the initialisation of the pseudo-random component of the DL reference signals, the difference being that the Stream ID is extended to 2 bits representing the antenna port number and the UE ID for non UE-specific RS is replaced with the OFDM symbol number within the subframe, as shown below:
· Cell ID (9 bits)
· UE ID or OFDM symbol number within subframe (16 bits)
· Antenna Port Number (2 bits)
· Subframe number (4 bits)

The specification will need to be unequivocal about the initialization. 

2.2.3.1 UE-Specific Reference Signals
We propose the following for UE-Specific Reference Signal:
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With the antenna port number set to 0.

2.2.3.2 Cell-Specific and MBSFN Reference Signals 

We propose the following for Cell-Specific and MBSFN Reference Signals:
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With the following exceptions for MBSFN reference signals:
· For MBSFN reference signals the MBSFN Area ID is used in place of the Cell ID and the antenna port number is set to 0

References
[Ref 1] R1-075089 “LTE Scrambling Codes”, Ericsson, Qualcomm, Nokia, NSN
[Ref 2] R1-074837 “Scrambling sequences”, Ericsson
[Ref 3] R1-074967 “Details on Scrambling”, Qualcomm Europe
[Ref 4] R1-080318 “Scrambling Sequence Generation”, Nokia Siemens Networks, Nokia

_1263714909.unknown

_1263714984.unknown

_1263201191.vsd

_1263714800.unknown

