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1	Introduction


S1.13 currently contains a set of RACH preamble signatures based on Gold codes.  In previous contributions (Tdocs R1-99138, R1-99139, R1-99140 and R1-99336), InterDigital identified the inability of these signatures to support high Doppler UEs and proposed a differentially encoded version which would be highly resistant to Doppler effects.  At the TSG RAN WG1 Meeting #4 Ad Hoc 3, it was agreed in principle that UEs shall support two sets of signatures, one that supports coherent detection and one that supports differential detection. 





At the same time it was also noted that Ericsson had proposed a new set of Golay Code - based signatures that offered both simplified Matched Filter complexity and superior range ambiguity performance.  Therefore, it was agreed that InterDigital would propose a set of differentially encoded preambles compatible with the new Ericsson, Golay-based signatures. 





Under the assumption that the proposed Ericsson signatures are accepted, this contribution provides a text proposal for introduction of the second set of RACH preambles into S1.13.  It is intended to supplement the new proposal by Ericsson.


2	Text proposal for S1.13


It is proposed to replace the subclauses 6.3.3.1 and 6.3.3.2 in S1.13 with the following subclause:


6.3.3.1	Preamble codes


There shall be two sets of signatures; Primary Signatures and Differentially Encoded signatures.  Each Base Station may be designed to support either one of the signature sets and shall transmit the choice of signature set on its Broadcast Channel.  All UEs shall support both signature sets and, when associated with a given Base Station, shall use the signature set indicated on that Base Station's Broadcast Channel. The Primary Signatures are intended for use with Uplink Random Access receivers that perform coherent preamble detection, which is optimal for low Doppler.  The Differentially Encoded signatures are intended for use with Uplink Random Access receivers that perform differential decoding, which is optimized for very high Doppler..  


6.3.3.1.1 Primary Signatures


The 8192 RACH preamble codes are divided into 512 preamble groups, each group consisting of 16 signatures. Each preamble code is a Golay complementary sequence of length 4096 chips, which can be represented as a function of a pair of 256 chip long Golay complementary sequences.


For each preamble group p, p = 0, 1, 2, …, 511, a specific preamble spreading code pair X(p)(k) and Y(p)(k) is used in conjunction with the signature s, s = 0, 1, 2, …, 15, to create the 4096 chip long preamble code Z(p,s)(l), l = 0, 1, 2, …, 4095. The preamble spreading code pair X(p)(k) and Y(p)(k) are Golay complementary sequences of length 256 chips, i.e. k = 0, 1, 2, …, 255.


The 16 preamble codes Z(p,s)(l) corresponding to the 16 signatures and the preamble spreading code pair X(p)(k) and Y(p)(k) are defined in Table 1. The table describes what preamble spreading code to use during the corresponding period of the 4096 chip long preamble code. For example, Z(p,8)(l) = -Y(p)(l mod 256) for l = 768, 769, …, 1023.


The preamble code is transmitted on both the I and Q branches, i.e. the preamble signal transmitted is Z(p,s)(l) + jZ(p,s)(l), l = 0, 1, 2, …, 4095.


Table 1: The 16 preamble codes Z(p,s)(l) for the preamble spreading code pair X(p)(k) and Y(p)(k).


l�
0�to 255�
256 to 511�
512 to 767�
768 to 1023�
1024 to 1279�
1280 to 1535�
1536 to 1791�
1792 to 2047�
2048 to 2303�
2304 to 2559�
2560 to 2815�
2816 to 3071�
3072 to 3327�
3327 to 3583�
3584 to 3839�
3840 to 4095�
�
Z(p,0)(l)�
X�
X�
Y�
Y�
X�
-X�
-Y�
Y�
X�
-X�
Y�
-Y�
X�
X�
-Y�
-Y�
�
Z(p,1)(l)�
X�
X�
Y�
Y�
X�
-X�
-Y�
Y�
-X�
X�
-Y�
Y�
-X�
-X�
Y�
Y�
�
Z(p,2)(l)�
X�
-X�
Y�
-Y�
X�
X�
-Y�
-Y�
X�
X�
Y�
Y�
X�
-X�
-Y�
Y�
�
Z(p,3)(l)�
X�
-X�
Y�
-Y�
X�
X�
-Y�
-Y�
-X�
-X�
-Y�
-Y�
-X�
X�
Y�
-Y�
�
Z(p,4)(l)�
X�
X�
Y�
Y�
-X�
X�
Y�
-Y�
X�
-X�
Y�
-Y�
-X�
-X�
Y�
Y�
�
Z(p,5)(l)�
X�
X�
Y�
Y�
-X�
X�
Y�
-Y�
-X�
X�
-Y�
Y�
X�
X�
-Y�
-Y�
�
Z(p,6)(l)�
X�
-X�
Y�
-Y�
-X�
-X�
Y�
Y�
X�
X�
Y�
Y�
-X�
X�
Y�
-Y�
�
Z(p,7)(l)�
X�
-X�
Y�
-Y�
-X�
-X�
Y�
Y�
-X�
-X�
-Y�
-Y�
X�
-X�
-Y�
Y�
�
Z(p,8)(l)�
X�
X�
-Y�
-Y�
X�
-X�
Y�
-Y�
X�
-X�
-Y�
Y�
X�
X�
Y�
Y�
�
Z(p,9)(l)�
X�
X�
-Y�
-Y�
X�
-X�
Y�
-Y�
-X�
X�
Y�
-Y�
-X�
-X�
-Y�
-Y�
�
Z(p,10)(l)�
X�
-X�
-Y�
Y�
X�
X�
Y�
Y�
X�
X�
-Y�
-Y�
X�
-X�
Y�
-Y�
�
Z(p,11)(l)�
X�
-X�
-Y�
Y�
X�
X�
Y�
Y�
-X�
-X�
Y�
Y�
-X�
X�
-Y�
Y�
�
Z(p,12)(l)�
X�
X�
-Y�
-Y�
-X�
X�
-Y�
Y�
X�
-X�
-Y�
Y�
-X�
-X�
-Y�
-Y�
�
Z(p,13)(l)�
X�
X�
-Y�
-Y�
-X�
X�
-Y�
Y�
-X�
X�
Y�
-Y�
X�
X�
Y�
Y�
�
Z(p,14)(l)�
X�
-X�
-Y�
Y�
-X�
-X�
-Y�
-Y�
X�
X�
-Y�
-Y�
-X�
X�
-Y�
Y�
�
Z(p,15)(l)�
X�
-X�
-Y�
Y�
-X�
-X�
-Y�
-Y�
-X�
-X�
Y�
Y�
X�
-X�
Y�
-Y�
�



X(p)(k) and Y(p)(k) are constructed from the Golay complementary sequences A(v)(k) and B(v)(k) , v = 0, 1, 2, …, 255 and k = 0, 1, 2, …, 255, defined by the following recursive relation:


	a0(v)(0) = 1,	a0(v)(m) = 0, m = 1, 2, …, 255


	b0(v)(0) = 1,	b0(v)(m) = 0, m = 1, 2, …, 255





	an(v)(k) = an-1(v)(k) + Wn(v)·bn-1(v)(k-Dn),


	bn(v)(k) = an-1(v)(k) – Wn(v)·bn-1(v)(k-Dn),





A(v)(k) = a8(v)(k),		B(v)(k) = b8(v)(k),


where n = 1, 2, …, 8 is the iteration number.


The variables Dn are delays: D1 = 1, D2 = 4, D3 = 2, D4 = 32, D5 = 64, D6 = 16, D7 = 128, D8 = 8.


Wn(v), v = 0, 1, …, 255, are defined as the 8-bit binary representations of integers {0, 1, 2, …, 255}, i.e.


Wn(v) = �EMBED Equation.3���,     v = 0, 1, …, 255,   n = 1, 2, 3, …, 8,


where Hn(v) is the n-th bit in the 8-bits long binary representation of some positive integer v, i.e.


	v = �EMBED Equation.3���.


Finally, X(p)(k) and Y(p)(k) are defined as:


X(p)(k) = A(p)(k) and Y(p)(k) = B(p)(k)				for p = 0, 1, 2, …, 255, and k = 0, 1, 2, …, 255,


X(p)(k) = B(p-256)(k) and Y(p)(k) = A(p-256)(k)		for p = 256, 257, …, 511, and k = 0, 1, 2, …, 255.


�



6.3.3.1.2 Differentially Encoded Signatures


For each Signature set of section 6.3.3.1.1,  the corresponding set of Differentially Encoded Signatures shall be derived as follows.


First, using Table 1 of 6.3.3.1.1, replace Y by jX, where j = sqrt(-1)


This gives Table 2


Table 2: Intermediate Step for Differentially Encoding 


the 16 preamble codes Z(p,s)(l) for the preamble spreading code pair X(p)(k) and Y(p)(k).


l�
0�to 255�
256 to 511�
512 to 767�
768 to 1023�
1024 to 1279�
1280 to 1535�
1536 to 1791�
1792 to 2047�
2048 to 2303�
2304 to 2559�
2560 to 2815�
2816 to 3071�
3072 to 3327�
3327 to 3583�
3584 to 3839�
3840 to 4095�
�
Z(p,0)(l)�
X�
X�
JX�
JX�
X�
-X�
-JX�
JX�
X�
-X�
JX�
-JX�
X�
X�
-JX�
-JX�
�
Z(p,1)(l)�
X�
X�
JX�
JX�
X�
-X�
-JX�
JX�
-X�
X�
-JX�
JX�
-X�
-X�
JX�
JX�
�
Z(p,2)(l)�
X�
-X�
JX�
-JX�
X�
X�
-JX�
-JX�
X�
X�
JX�
JX�
X�
-X�
-JX�
JX�
�
Z(p,3)(l)�
X�
-X�
JX�
-JX�
X�
X�
-JX�
-JX�
-X�
-X�
-JX�
-JX�
-X�
X�
JX�
-JX�
�
Z(p,4)(l)�
X�
X�
JX�
JX�
-X�
X�
JX�
-JX�
X�
-X�
JX�
-JX�
-X�
-X�
JX�
JX�
�
Z(p,5)(l)�
X�
X�
JX�
JX�
-X�
X�
JX�
-JX�
-X�
X�
-JX�
JX�
X�
X�
-JX�
-JX�
�
Z(p,6)(l)�
X�
-X�
JX�
-JX�
-X�
-X�
JX�
JX�
X�
X�
JX�
JX�
-X�
X�
JX�
-JX�
�
Z(p,7)(l)�
X�
-X�
JX�
-JX�
-X�
-X�
JX�
JX�
-X�
-X�
-JX�
-JX�
X�
-X�
-JX�
JX�
�
Z(p,8)(l)�
X�
X�
-JX�
-JX�
X�
-X�
JX�
-JX�
X�
-X�
-JX�
JX�
X�
X�
JX�
JX�
�
Z(p,9)(l)�
X�
X�
-JX�
-JX�
X�
-X�
JX�
-JX�
-X�
X�
JX�
-JX�
-X�
-X�
-JX�
-JX�
�
Z(p,10)(l)�
X�
-X�
-JX�
JX�
X�
X�
JX�
JX�
X�
X�
-JX�
-JX�
X�
-X�
JX�
-JX�
�
Z(p,11)(l)�
X�
-X�
-JX�
JX�
X�
X�
JX�
JX�
-X�
-X�
JX�
JX�
-X�
X�
-JX�
JX�
�
Z(p,12)(l)�
X�
X�
-JX�
-JX�
-X�
X�
-JX�
JX�
X�
-X�
-JX�
JX�
-X�
-X�
-JX�
-JX�
�
Z(p,13)(l)�
X�
X�
-JX�
-JX�
-X�
X�
-JX�
JX�
-X�
X�
JX�
-JX�
X�
X�
JX�
JX�
�
Z(p,14)(l)�
X�
-X�
-JX�
JX�
-X�
-X�
-JX�
-JX�
X�
X�
-JX�
-JX�
-X�
X�
-JX�
JX�
�
Z(p,15)(l)�
X�
-X�
-JX�
JX�
-X�
-X�
-JX�
-JX�
-X�
-X�
JX�
JX�
X�
-X�
JX�
-JX�
�



Now perform the differential  encoding according to the following rule.





Using S(i,k) = kth element of signature i (k = 0,1,2,...,15 and  i = 0,1,2,....,15)


Defining M(i,k) = kth element of proposed new transmitted signature set,


Set M(i,0)=X


For k = 1 to 15 apply the rule shown in Table 3.  In this table, the left hand column indicates the value of the k-1th symbol of the differentially encoded signature and the top row indicates the value of the kth symbol as it appears in Table 2.


Table 3: Rule for Differential Encoding


M(i,k-1)\ S(i,k)�
X�
-X�
jX�
-jX�
�
X�
X�
-X�
jX�
-jX�
�
-X�
-X�
X�
-jX�
jX�
�
JX�
 jX�
-jX�
-X�
X�
�
-JX�
-jX�
jX�
X�
-X�
�



Table 4 presents the differentially encoded set of signatures.


Table 4: Set of Differentially Encoded Signatures


k�
0…255…                                                                                                                                                                            …4095�
�
S(0,k)�
X�
X�
JX�
-X�
-X�
X�
-JX�
X�
X�
-X�
-JX�
-X�
-X�
-X�
JX�
X�
�
S(1,k)�
X�
X�
JX�
-X�
-X�
X�
-JX�
X�
-X�
-X�
JX�
-X�
X�
-X�
-JX�
X�
�
S(2,k)�
X�
-X�
-JX�
-X�
-X�
-X�
JX�
X�
X�
X�
JX�
-X�
-X�
X�
-JX�
X�
�
S(3,k)�
X�
-X�
-JX�
-X�
-X�
-X�
JX�
X�
-X�
X�
-JX�
-X�
X�
X�
JX�
X�
�
S(4,k)�
X�
X�
JX�
-X�
X�
X�
JX�
X�
X�
-X�
-JX�
-X�
X�
-X�
-JX�
X�
�
S(5,k)�
X�
X�
JX�
-X�
X�
X�
JX�
X�
-X�
-X�
JX�
-X�
-X�
-X�
JX�
X�
�
S(6,k)�
X�
-X�
-JX�
-X�
X�
-X�
-JX�
X�
X�
X�
JX�
-X�
X�
X�
JX�
X�
�
S(7,k)�
X�
-X�
-JX�
-X�
X�
-X�
-JX�
X�
-X�
X�
-JX�
-X�
-X�
X�
-JX�
X�
�
S(8,k)�
X�
X�
-JX�
-X�
-X�
X�
JX�
X�
X�
-X�
JX�
-X�
-X�
-X�
-JX�
X�
�
S(9,k)�
X�
X�
-JX�
-X�
-X�
X�
JX�
X�
-X�
-X�
-JX�
-X�
X�
-X�
JX�
X�
�
S(10,k)�
X�
-X�
JX�
-X�
-X�
-X�
-JX�
X�
X�
X�
-JX�
-X�
-X�
X�
JX�
X�
�
S(11,k)�
X�
-X�
JX�
-X�
-X�
-X�
-JX�
X�
-X�
X�
JX�
-X�
X�
X�
-JX�
X�
�
S(12,k)�
X�
X�
-JX�
-X�
X�
X�
-JX�
X�
X�
-X�
JX�
-X�
X�
-X�
JX�
X�
�
S(13,k)�
X�
X�
-JX�
-X�
X�
X�
-JX�
X�
-X�
-X�
-JX�
-X�
-X�
-X�
-JX�
X�
�
S(14,k)�
X�
-X�
JX�
-X�
X�
-X�
JX�
X�
X�
X�
-JX�
-X�
X�
X�
-JX�
X�
�
S(15,k)�
X�
-X�
JX�
-X�
X�
-X�
JX�
X�
-X�
X�
JX�
-X�
-X�
X�
JX�
X�
�









