3GPP TSG-RAN WG1 Meeting #33 
Tdoc (
030831

New York, USA, 25th – 29th August 2003

	CR-Form-v7

	CHANGE REQUEST

	

	(

	25.212
	CR
	177
	(

rev
	1
	(

Current version:
	5.5.0
	(


	

	For HELP on using this form, see bottom of this page or look at the pop-up text over the (
 symbols.

	


	Proposed change affects:
(

	UICC apps(

	
	ME
	X
	Radio Access Network
	X
	Core Network
	


	

	Title:
(

	HS-DSCH Rate Matching Algorithm

	
	

	Source:
(

	SIEMENS, Interdigital

	
	

	Work item code:
(

	HSDPA-Phys
	
	Date: (

	25/08/2003

	
	
	
	
	

	Category:
(

	F
	
	Release: (

	Rel-5

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
2
(GSM Phase 2)
R96
(Release 1996)
R97
(Release 1997)
R98
(Release 1998)
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)

	
	

	Reason for change:
(

	A weakness exists in the current HS-DSCH rate matching procudure that leads to a degredation in performance at and around certain specific coding rates. The weakness arises from an interaction between periodicity inherent in the turbo encoder and certain rate matching patterns

	
	

	Summary of change:
(

	In the first rate matching stage, a test has been defined to indicate whether the first rate matching is likely to lead to the described weakness. In the case that it will, the puncturing rates on the first and second parity streams are modified such that the problematic code rate is avoided.

In the second rate matching stage, a look up table is employed to determine whether the second rate matching in either of the parity streams is likely to lead to a problematic puncturing pattern. In the case that it is, a “dithering” between two nearby non-problematic puncturing rates during the rate matching process is defined.

	
	

	Consequences if 
(

not approved:
	Loss of throughput in HSDPA due to degraded performance for certain configurations

Impact Analysis:

· UE: Impact restricted to modifications to parameters of the HSDPA rate matching algorithm & HARQ bit collection. No backward compatibility issues to Rel. 4 or 99, or Rel. 5 UEs that do not support HSDPA·


· Node B: Impact restricted to modifications to parameters of the HSDPA rate matching algorithm & HARQ bit collection. No backward compatibility issues to Rel. 4 or 99 or Rel. 5 node Bs that do not support HSDPA.
· Failure to implement the CR in both the node B and UE would lead to UE-Node B incompatibility for certain configurations in HSDPA.

	
	

	Clauses affected:
(

	4.5.4.2.1, 4.5.4.3, 4.5.4.3.1, 4.5.4.4

	
	

	
	Y
	N
	
	

	Other specs
(

	
	X
	 Other core specifications
(

	

	affected:
	
	X
	 Test specifications
	

	
	
	X
	 O&M Specifications
	

	
	

	Other comments:
(

	See also TDOC 030725.


How to create CRs using this form:

Comprehensive information and tips about how to create CRs can be found at http://www.3gpp.org/specs/CR.htm.  Below is a brief summary:

1)
Fill out the above form. The symbols above marked (
 contain pop-up help information about the field that they are closest to.

2)
Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word "revision marks"  feature (also known as "track changes") when making the changes. All 3GPP specifications can be downloaded from the 3GPP server under ftp://ftp.3gpp.org/specs/ For the latest version, look for the directory name with the latest date e.g. 2001-03 contains the specifications resulting from the March 2001 TSG meetings.

3)
With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification just in front of the clause containing the first piece of changed text.  Delete those parts of the specification which are not relevant to the change request.

4.5.4
Hybrid ARQ for HS-DSCH

The hybrid ARQ functionality matches the number of bits at the output of the channel coder to the total number of bits of the HS-PDSCH set to which the HS-DSCH is mapped. The hybrid ARQ functionality is controlled by the redundancy version (RV) parameters. The exact set of bits at the output of the hybrid ARQ functionality depends on the number of input bits, the number of output bits, and the RV parameters.

The hybrid ARQ functionality consists of two rate-matching stages and a virtual buffer as shown in the figure below.

The first rate matching stage matches the number of input bits to the virtual IR buffer, information about which is provided by higher layers. Note that, if the number of input bits does not exceed the virtual IR buffering capability, the first rate-matching stage is transparent.

The second rate matching stage matches the number of bits after first rate matching stage to the number of physical channel bits available in the HS-PDSCH set in the TTI.
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Figure 17: HS-DSCH hybrid ARQ functionality

Notation used in sub clause 4.5.4 and sub clauses:
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:
Number of bits in a transmission time interval before rate matching. 
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:
An intermediate variable. If positive – number of bits to be repeated on a individual parity (or systematic) stream. If negative – number of bits to be punctured on a individual parity (or systematic) stream..
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:
If positive - number of bits to be repeated in the transmission time interval.


If negative - number of bits to be punctured in the transmission time interval.
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Number of bits to adjust the length of parity streams by, in HARQ 1st stage rate-matching.
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N

:
Total number of bits that are available for the HS-DSCH in a TTI.
eini


Initial value of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
eplus

Increment of variable e in the rate matching pattern determination algorithm of subclause4.2.7.5.

eminus

Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.

b:


Indicates systematic and parity bits 
b=1: Systematic bit. xk in subclause 4.2.3.2.1.

b=2: 1st parity bit (from the upper Turbo constituent encoder). zk in subcaluse 4.2.3.2.1.
b=3: 2nd parity bit (from the lower Turbo constituent encoder). z'k in subclause 4.2.3.2.1.
4.5.4.1
HARQ bit separation

The HARQ bit separation function shall be performed in the same way as bit separation for turbo encoded TrCHs in 4.2.7.4 above.

4.5.4.2
HARQ First Rate Matching Stage

HARQ first stage rate matching for the HS-DSCH transport channel shall be done with the method described in 4.5.4.2.1 below with the following specific parameters.

The maximum number of soft bits available in the virtual IR buffer is NIR which is signalled from higher layers for each HARQ process. The number of coded bits in a TTI before rate matching is NTTI this is deduced from information signalled from higher layers and parameters signalled on the HS-SCCH for each TTI. Note that HARQ processing and physical layer storage occurs independently for each HARQ process currently active.

If NIR is greater than or equal to NTTI (i.e. all coded bits of the corresponding TTI can be stored) the first rate matching stage shall be transparent. This can, for example, be achieved by setting eminus = 0. Note that no repetition is performed.

If NIR is smaller than NTTI the parity bit streams are punctured as in 4.5.4.2.1 below by setting the rate matching parameter 
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. Note the negative value is expected when the rate matching implements puncturing. Bits selected for puncturing which appear as ( in the algorithm in 4.2.7 above shall be discarded and not counted in the totals for the streams through the virtual IR buffer.
4.5.4.2.1 HARQ First Rate Matching Parameters

If first stage puncturing is to be performed, the procedure below shall be applied. Index b is used to indicate systematic (b=1), 1st parity (b=2), and 2nd parity bit (b=3). The parameter 
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is the change in length to the parity streams to circumvent problematic puncturing rates.

The first stage rate matching delta is calculated as follows:

if puncturing is to be performed 
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end if

end while
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a = 2 when b=2

a = 1 when b=3
If 
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 is calculated as 0 for b=2 or b=3, then the following procedure and the rate matching algorithm of subclause 4.2.7.5 shall not be performed for the corresponding parity bit stream.
For each radio frame, the rate-matching pattern shall be calculated using the algorithm in subclause 4.2.7.5, where:

Xi is as above,
eini = Xi
eplus = a(Xi
eminus = a(|(N|

4.5.4.3
HARQ Second Rate Matching Stage
HARQ second stage rate matching for the HS-DSCH transport channel shall be done using one of two possible methods. 
If second stage puncturing is to be performed, and the Composite Puncturing Rate of one of the parity streams, calculated using the formula below falls in any of the intervals [91/128,92/128], [217/256, 222/256], [231/256, 232/256], [237/256, 238/256] or [487/512, 488/512], then puncturing of that parity stream shall be done using the method described in 4.5.4.3.1. Note, puncturing using the method in 4.5.4.3.1 maybe carried out on one, both, or neither of the two parity streams, but never on the systematic parity stream.
Composite Puncturing Ratio, 
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Otherwise, second stage rate matching for the HS-DSCH transport channel shall be done with the general method described in 4.2.7.5 above with the following specific parameters. Bits selected for puncturing which appear as ( in the algorithm in 4.2.7.5 above shall be discarded and are not counted in the streams towards the bit collection.
The parameters of the second rate matching stage depend on the value of the RV parameters s and r. The parameter s can take the value 0 or 1 to distinguish between transmissions that prioritise systematic bits (s = 1) and non systematic bits (s = 0). The parameter r (range 0 to rmax-1) changes the initial error variable eini in the case of puncturing. In case of repetition both parameters r and s change the initial error variable eini. The parameters Xi, eplus and eminus are calculated as per table 10 below.

Denote the number of bits before second rate matching as Nsys for the systematic bits, Np1 for the parity 1 bits, and Np2 for the parity 2 bits, respectively. Denote the number of physical channels used for the HS-DSCH by P. Ndata is the number of bits available to the HS-DSCH in one TTI and defined as Ndata=P(3(Ndata1, where Ndata1 is defined in [2]. The rate matching parameters are determined as follows.

For 
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, puncturing is performed in the second rate matching stage. The number of transmitted systematic bits in a transmission is 
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 for a transmission that prioritises non systematic bits.

For 
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 repetition is performed in the second rate matching stage. A similar repetition rate in all bit streams is achieved by setting the number of transmitted systematic bits to 
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The number of parity bits in a transmission is: 
[image: image33.wmf]÷

÷

ø

ö

ç

ç

è

æ

D

-

ú

û

ú

ê

ë

ê

-

=

0

,

2

max

,

1

,

PARITY

sys

t

data

p

t

N

N

N

N


   and   
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 for the parity 1 and parity 2 bits, respectively.

Table 10 below summarizes the resulting parameter choice for the second rate matching stage.

Table 10: Parameters for HARQ second rate matching

	
	Xi
	eplus
	eminus

	Systematic
RM S
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	Parity 1
RM P1_2
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	Parity 2
RM P2_2
	
[image: image43.wmf]2

p

N


	
[image: image44.wmf]2

p

N


	
[image: image45.wmf]2

,

2

p

t

p

N

N

-




The rate matching parameter eini  is calculated for each bit stream according to the RV parameters r and s using
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 in the case of puncturing , i.e.,
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 for repetition, i.e., 
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 is the total number of redundancy versions allowed by varying 
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 as defined in 4.6.2. Note that rmax varies depending on the modulation mode, i.e. for 16QAM rmax = 2 and for QPSK rmax = 4.

Note: For the modulo operation the following clarification is used: the value of (x mod y) is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9).
4.5.4.3.1
HARQ Second Rate Matching Stage for problematic puncturing rates

HARQ second stage rate matching for the HS-DSCH transport channel shall be done with the method described below, which separates each stream into segments and then applies the general method described in 4.2.7.5 above to each of the segments with specific parameters calculated below. Bits selected for puncturing which appear as ( in the algorithm in 4.2.7.5 above shall be discarded and are not counted in the streams towards the bit collection.
4.5.4.3.1.1
Parity stream segmentation

The parity stream will be segmented into 3 segments, the first segment will be made up of the first Xseg1 bits of the parity stream, the second segment will be made up of the next Xseg2 bits, and the last segment will be made up of the remaining Xseg3 bits.

The first segment is denoted by 
[image: image53.wmf]1

,

2

,

1

,

,...

,

Xseg

i

i

i

x

x

x


The second segment by 
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And the final segment by 
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Where
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Note: If Xi is less than 98 only the third segment exists, and if Xi is a multiple of 98 then the third segment will be empty. For the case where a particular segment is empty, then of course no puncturing is performed on that non-existent segment.

4.5.4.3.1.2 Additional parameters for HARQ Second Rate Matching Stage for problematic puncturing rates

Parameters P, Ndata, Nsys, Np1, Np2, Np,t1, and Np,t2 are calculated as in 4.5.4.3 above, additional parameters are defined below.

Denote the number of parity 1 bits before second rate matching after segmentation as Np1,seg1, Np1,seg2, Np1,seg3 for the parity 1 bits in the 1st, 2nd and 3rd segment respectively. Denote the number of parity 2 bits before second rate matching after segmentation as Np2,seg1, Np2,seg2, Np2,seg3 for the parity 1 bits in the 1st, 2nd and 3rd segment respectively. The rate matching parameters are determined as follows.
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, puncturing is performed in the second rate matching stage. 

The number of parity bits after segmentation is
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The number of parity bits in each segment for parity 1 bits(b=2), and parity 2bits (b=3) is:
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The parameters Xi, eplus and eminus are calculated as per table 10a below.
Table 10a: Parameters for dithered HARQ second rate matching

	Stream
	Segment
	Xi
	eplus
	eminus

	Systematic
RM S
	
	
[image: image66.wmf]sys

N


	
[image: image67.wmf]sys

N


	
[image: image68.wmf]sys

t

sys

N

N

,

-



	Parity 1
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	Parity 2
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The rate matching parameter eini  is calculated for each segment of bit stream according to the RV parameters r and s using
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 in the case of puncturing. Where 
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 as defined in 4.6.2. Note that rmax varies depending on the modulation mode, i.e. for 16QAM rmax = 2 and for QPSK rmax = 4.

Note: For the modulo operation the following clarification is used: the value of (x mod y) is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9). The rate matching algorithm in 4.2.7.5 is called for each segment of the parity stream in turn.

4.5.4.3.1.3
Parity stream segment concatenation

For both parity streams, after the rate matching algorithm in 4.2.7.5 has been called for each of the three segments, the three punctured segments should be concatenated together in their original order.

The re-concatenated bit stream is denoted by: 
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4.5.4.4
HARQ bit collection

The HARQ bit collection is achieved using a rectangular interleaver of size 
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The number of rows and columns are determined from:
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where Ndata is used as defined in 4.5.4.3.

Data is written into the interleaver column by column, and read out of the interleaver column by column starting from the first column.

Nt,sys is the number of transmitted systematic bits. Intermediate values Nr and Nc are calculated using:



[image: image96.wmf]ú

û

ú

ê

ë

ê

=

col

sys

t

r

N

N

N

,

 and 
[image: image97.wmf]col

r

sys

t

c

N

N

N

N

×

-

=

,

.

If Nc=0 and Nr > 0, the systematic bits are written into rows 1…Nr.
Otherwise systematic bits are written into rows 1…Nr+1 in the first Nc columns and, if Nr > 0, also into rows 1…Nr in the remaining Ncol-Nc columns.

The remaining space is filled with parity bits. The parity bits are written column wise into the remaining rows of the respective columns. Parity 1 and 2 bits are written in alternating order, starting with a parity 2 bit in the first available column with the lowest index number. If the two parity streams are of unequal length, Parity 1 and 2 bits shall be written alternately, again starting with a parity 2 bit, until the end of the shorter parity stream, then the remaining parity bits from the longer stream shall be written.
In the case of 16QAM for each column the bits are read out of the interleaver in the order row 1, row 2, row 3, row 4. In the case of QPSK for each column the bits are read out of the interleaver in the order row1, row2.
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