3GPP TSG RAN WG1 Meeting #47bis Tdoc R1-070349
Sorrento, Italy, 15th - 19th January 2007

Agenda ltem: 7.1

Source: Philips

Title: Block codes for CQI reporting for Rel-7 MIMO
Document for: Discussion/Decision

1 Introduction

CRs for Rel-7 FDD MIMO were approved by RAN1 at RAN1#47. In [1], the details of the HS-DPCCH sig-
nalling are set out, including possible block codes for the PCl and CQI transmissions.

A [20,10] block code is used for the case of Type A CQI reports (8 bits) together with PCI (2 bits), and a
[20, 7] code is used for Type B CQI reports (5 bits) together with PCI. [BAe7] code is obtained by setting
three of the information bits to zero in tlfi20, 10] code. This may have some limited advantages in terms of
complexity, but is not necessarily optimal from a coding point of view.

In this document, we evaluate the performance of these codes, and consider whether worthwhile improvements
can be made by:

e increasing the minimum distance of {2, 7] code;

e making use of unequal error protection (UEP) as was utilised for CQI coding in Rel-5.

As usual,[n, k] denotes a binary linear code of lengtland dimensiort, i.e., withk information bits.[n, &, d]
denotes dn, k| code with minimum Hamming distance

2 Suitable (20,7) codes for use with Type B CQI

It is well known that for anyj20, 10, d] code, we have that < 6, and that 20, 10, 6] code exists; in fact, the
[20,10] code in [1] has minimum distance 6.

It is also well-known that for any20, 7, d] code,d < 8, and that g20, 7, 8] code exits; in fact, a19, 7, §]
code exists. However, the minimum distance of[&te 7] code in [1] is only 6.

We now describe a simple construction d@, 7, 8] codeC; and a]20, 10, 6] codeC; such thatC; C Cs. Let
G=(I|P)
generate é2, 10, 8] codeD. Let G’ be the 1620 matrix obtained by removing columns 9 and 10 frémn

Any non-zero linear combination of rows frof has weight at least six: the corresponding word of length 22
has weight at least eight, and two bits are removed from that word. Similarly, any non-zero linear combination
of the 8 top rows fronG has weight at least 8: the corresponding word of length 22 has weight at least 8, and
zeroes in both removed positions.



We therefore conclude that it is possible to desigi2@ 7] code with minimum distance increased from 6
to 8 for the Type B CQI reports, while retaining the property of being a subset d2@h&0] code if that is
considered desirable.

3 Unequal Error Protection UEP

Unequal Error Protection (UEP) codes offer different levels of error protection to different information bits [2],

[3].

In [4] and [5], it is shown that UEP can improve performance of CQI reporting by protecting the most sig-
nificant bits of the CQI better than the least significant bits. The Euclidean distance between the transmitted
CQI and the decoded value at the receiver is a suitable evaluation criterion. We consider here whether a similar
technique can usefully be applied to the Type A CQI reports for dual-stream MIMO.

Definition Let G be ak x n generator matrix of a binary:, k] code. For X i < k, we define
S’L(G) = mln{Wt(mG) | m = (m17 s ’mk) € {Oa 1}k>mz — ]-}a

where w{x) denotes the Hamming weight of the vecior
The vectors(G) = (s1(G), ..., sk(G)) is called theseparation vectoof G.

With s;(G), a guaranteed error protection level for thih information bit can be given:
if G is used for encoding, then tligh information bit can be recovered correctly if the number of ertcasd
the number of erasuressatisfy the following inequality

2t+e < SZ(G) —1.

This inequality generalizes the well-known inequality stating that a code with minimum distaracecorrect
any pattern ot errors anct erasures provided that + e < d — 1.
In order to state results in a concise way, we use the following definition (see [3]).

Definition Let si,s2,...,s; be positive integers. We defing(sy,...,s;) as the smallest length of /&
dimensional code with a generator matrix with separation vector (coordinate-wise) at least ¢gjual to sy).
That is,

n(sy,...,sx) = min{n | thereis a x n matrix G such thas(G) > (s1,...,s%)}.
Moreover, to improve readability, we write]", a5?, ..., alm) for the vector consisting af; a,’s, followed

by 12 as’s, followed byns a3’s, etc. So(52, 3*) denotes the vectdp, 5, 3, 3, 3, 3).

3.1 Search for suitable[20, 10] codes with UEP

It is known that g20, 10, d] code hasl < 6, and that 20, 10, 6] code does exist. Therefore, in searching for
UEP codes, we are only interested in matrices for which the largest component of the separation vector is at
least 7. Note that for the case in hand, 3 integers are coded: a PCI value and two CQI values.

3.1.1 Construction for s<(72,62, 4%, 2%)

Let Gy be a8 x 15 matrix such thas(Go) = (5,43, 3) (see [3, p. 64]. By adding an overall-parity column,
we obtain &8 x 16 matrix G; with s(G) = (6%, 4%), wheree; is the vector with a one in positianand zeroes
elsewhere. The matrig x 18 matrix (Gje;ez) has separation vectdr?, 62, 41). With Construction J, we
obtain a8 x 20 matrix with separation vectdfr?, 62, 44, 22).



We therefore propose the following matiix

00000011111000000110
00000001001111000101
00000000101100101100
00000001010010011100
00000110001100000000
00001001010001000000
00010000000000111000
00100000100010000100
01000000000000000001
10000000000000000001

4  Evaluation of the [20, 10] UEP code with s<72, 62,4, 2?)

We evaluate th§20, 10] code from [1] and the=(72, 62, 4%, 22) code given above by comparing the normalised
RMS error in the decoded CQI values, for a range of raw BERs.

For the[20, 10] code from [1], we map the PCI bits to information bits 0 and 1, while the two 4-bit CQI
values are mapped to information b{$8,7,5,3 and{8,6,4,2 respectively. In practice, the exact bit mapping
makes little difference in this case, as the code has almost equal error protection.

For thes=(72,62, 4%, 22) UEP code, we map the PCI bits to information bits 2 and 3, while the two 4-bit
CQI values are mapped to information bjfts,5,7,9 and{2,6,8,1Q respectively. In practice, any convenient
bit-ordering can be designed simply by permuting the columns of the basis matrix.

The results are shown in Figure 1:
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Figure 1: RMS error performance of block codes for CQI



It can be seen from Figure 1 that the RMS error performance of one of the CQI values is significantly improved
by adopting the UEP code constructed above, while the performance of the other CQI value is almost identical
to the code in [1].

Further work on the exact code construction is needed in order to determine whether it is possible to con-
struct a suitable code which gives the benefits of UEP to both CQI values.

5 Conclusions UEP

From the analysis and evaluation above, we can conclude that:

e A [20,7] code can be constructed with minimum distance 8 instead of the currently-proposed minimum
distance of 6, while remaining a subset d2@, 10] code;

e Unequal Error Protection can improve the performance of26el0] code;

e Further work is required to finalise the exact construction of20e7] and[20, 10] code.
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