
TSG-RAN Working Group1 meeting #23












R1-02-0109

Espoo, Finland, January 8th- 11th 2002

Agenda Item
:


Source

: 
Nortel Networks



Title

: 
Symbol stealing pattern for HI transmission

Document for
:
Discussion & decision

1. Introduction

This paper follows a contribution presented at the last meeting which identified a potential problem with the current transmission of HI. In this contribution, we give some more details about the problem identified with puncturing systematically the same symbol every 3rd slot to transmit the HI. It is linked to the structure of the 2 interleavers which are used in the coding chain of release 99. A general scheme is proposed to overcome the identified problem and performance evaluation is provided for example sets of parameters. Without impacting the UE complexity too much, evaluation show that the proposed scheme provides some performance benefits over the solution which is currently considered for the transmission of the HI.

2. Interactions between release 99 interleavers and symbol stealing for HI transmission

The scheme envisaged for the transmission of the HI is the following. The HI will be transmitted on the associated downlink DPCH by stealing one DPDCH symbol every HSDPA TTI i.e. every 3 slots. The stolen symbol is taken every 3 slots, the slot in which the HI is transmitted is chosen such that the HI comes before the start of the SCCH-hs TTI.  Therefore depending on the relative timing between the DPCH frame and SCCH-hs frame the HI will not be positioned on the same set of 3 slots for all mobile.

However once this slot has been identified, it has been considered so far that the position within the slot will not vary from one TTI to another. In the following sections we will explain why this may cause more degradation than what can be expected when puncturing 5 symbols randomly in a radio frame.

The analysis made below currently applies to the HI since the HI is transmitted by puncturing some data bits on the DPCH. However it is in fact more general and can apply to any case where puncturing of the data symbols of the DPCH is needed for e.g. L1 signalling.

2.1. Interaction with the 1st interleaver

The first interleaver is an inter-frame interleaver. Using the notations of 25.212, if we have a transport channel with R1 bits per radio frame after radio frame size equalisation and a TTI containing C1 radio frames.

The bits are input into a R1*C1 matrix row by row, then the columns are permuted and the bits are read column by column. When transmitting the HI at a fixed position within a slot, the same set of 5 symbols per radio frame is punctured since the puncturing is performed in the same manner every frame. 

Taking the notations of 25.212 section 4.2.5.2, we have  (
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) representing the bits of transport channel i at the input of the 1st interleaver. Then after permutation of the columns, we have the following matrix, which will be read column by column. If for instance the first data symbol of the fist slot is punctured for HI transmission, it means that in the matrix the bits contained in the first 2 rows (in bold) will be punctured. 
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Looking at the positions of these bits before interleaving, we end up with 2 sets of C1 consecutive bits being punctured which is far from being optimal. Since the interleaver only permutes the columns the set [
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], will be a permutation of [
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]meaning that it contains C1 consecutive bits. Considering there are 5 HSDPA TTIs in a radio frame, the result of puncturing at a fixed position in the slot to transmit the HI, is that 10 sets of C1 consecutive bits will be punctured per TTI for each transport channel transmitted on the associated DPCH.
Therefore the largest the TTI, the largest the degradation on performances.

When several transport channels are present, the punctured sets of C1 bits per transport channel will be less than 10 since in every radio frame the symbols will contain bits from the different transport channels. Still when a transport channel is punctured in one frame of the TTI, it will also be punctured in the next radio frame (assuming there is no change in TFC).

This whole analysis assumes that there is no 2nd interleaver, in section 2.3, we will explain why the degradation is still there when taking into account the 2nd interleaver.

2.2. Interaction with the 2nd interleaver

The 2nd interleaver is an intra-frame interleaver.. It uses a R2*30 matrix which is filled row by row then an inter-column permutation is performed and the matrix is emptied column by column. 

When several transport channels are present at the same time during a radio frame, they will be input to the interleaving matrix one after the other but their bits will be mixed by the inter-column permutation and column by column reading. However since the interleaving matrix contains 30 columns a time slot will be filled with bits of 2 consecutive columns. Puncturing at a fixed position within the time slot every 3 slots has therefore the drawback of puncturing more a transport channel than the others.

When looking at the interleaving matrix the puncturing operation removes bits at certain predefined rows. A given transport channel will occupy a certain number of rows in the interleaving matrix which will not be altered by the column permutation. Therefore one transport channel is likely to be more often punctured than the others degrading the relative weights of the transport channels within a TTI.

The example in annex A illustrates the above described issue in the case of 12.2kbps speech multiplexed with 3.4kbps Standalone SRB. When slots 0,3,6,9,12 of a radio frame are used for HI transmission with a fixed position of the HI within the slot, the figure shows that the same transport channel will be punctured. It will also be the case with a different DPCH frame offset and e.g. slots 1,4,7,10,13.

2.3. Combination of 1st and 2nd interleaver

In case only one transport channel is present e.g. a DCH carrying RRC signalling, the analysis made in section  2.1 is still valid when adding the 2nd interleaver. Indeed the 2nd interleaver will interleave each column of the 1st interleaver matrix however when a symbol is punctured in one radio frame it will still be punctured in the next radio frame (assuming there is no change of TFC) because the operation of the 2nd interleaver is exactly the same on each column i.e. if row i before 2nd interleaving is punctured and moved to row k, the same will happen on the next radio frame there the punctured bits will still be consecutive (C1 bits if there are C1 radio frames in the TTI).

This is illustrated by the following example : 

Without the 2nd interleaver, the bits (in bold) which are removed are always on consecutive rows since a whole symbol is punctured on the DPDCH.
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With the 2nd interleaver each column is interleaved with the same pattern therefore the bits which were originally in the first 2 columns as shown below will end up at different locations after 2nd de-interleaver.
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Before 2nd deinterleaving : the first symbol in each frame is punctured
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After 1st de-interleaving : the 2 punctured rows are distributed differently.

As shown in section 2.1 each row [
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] containing consecutive bits therefore even after 2nd interleaving they will contain consecutive bits. In consecutive radio frames, we still have a set of C1 consecutive bits which will be punctured.

When several transport channels are present at the same time, the previous analysis also applies except that there will be less 10 sets of C1 bits punctured per transport channel. More precisely the 10 sets of consecutive bits punctured during a TTI will be split between different transport channels. These sets will also have a variable number of bits depending on the number of radio frame in the TTI of each transport channel. 

Therefore it seems that puncturing a fixed position in the DPCH slot to transmit the HI may not be an optimum solution since from one radio frame to another it will lead to puncturing sets of consecutive bits and within a radio frame it will lead to puncturing always (or almost) the same transport channel. Our proposal is to introduce a scheme to combat this effect i.e. change the position of the stolen symbol within the slot from one radio frame to another and from one HSDPA TTI to another within a given radio frame. This scheme will allow a fairer distribution of the puncturing between the different transport channels present during a TTI and also between the bits of a given transport channel.

A general description of this scheme is presented in the next section together with some simulation results. Based on these results a particular configuration is proposed for inclusion in the HI transmission scheme if the HI is retained.

3. Symbol stealing pattern with varying position of the HI

3.1. General principle

As described in the previous section, it is not optimal to puncture at a fixed position in the slot to transmit the HI. Our proposal consists in changing the symbol stolen from DPDCH for HI transmission from one TTI HSDPA to another with a fixed period of several frames.

Therefore instead of expecting the HI to come at a fixed position in the identified time slot, the UE should expect the HI to appear at different positions following a predefined pattern. The aim is to combat the 2 effects previously identified : puncture sets of consecutive bits (the longer the TTI of the transport channel, the longer the set of consecutive bits) and systematically puncture the same transport channel in case multiple transport channels have been configured for the connection. Ideally the period of the predefined pattern should be 80ms since it is  the longest TTI which can be used on the DPCH. Still it could be limited to 40ms to cover most of the radio  parameter configurations.

The following figures illustrate the general principle : the coloured pieces represent the position of the stolen symbol in the slot. In figure 1, a single colour is used meaning that the symbol position stays the same.
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Figure 1 : fixed position of the symbol stolen for HI transmission
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Figure 2 : varying position of the symbol stolen for HI transmission
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Figure 3 : varying position of the symbol stolen for HI transmission, pattern period = 20ms

In figure 3, the symbol stealing pattern has a periodicity of 20ms therefore after 2 radio frames it is repeated again : starting from position red, yellow, green, blue...

3.2. General description

In the following, we will assume that the pattern period is 40ms since most of the bearers considered in 34.108 for test purposes use TTI shorter or equal to 40ms. When describing the scheme in a general way we have the following : 

If Ndata is the number of data bits per slot in the DL DPCH, ideally we should have 
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 represents the HI position in one of the 3 slots in set i and radio frame j.

 i=0,1...4 represents a set of 3 slots on the DPCH corresponding to a HSDPA TTI on the HS-DSCH but aligned to the fame boundaries.

 j=0,1...3 corresponds to the jth radio frame in the 40ms long symbol stealing pattern.

Using the random function in this general description is a way to ensure that when configuring different TFCSs there is a statistical gain, of course it will be more advantageous for some TFCS than for others depending on their specific parameters e.g. number of transport channels, TTI... Otherwise it would necessitate a specific pattern for each TFCS or TFC to take into account their specificity.

3.3. Simulation results

3.3.1. Simulated patterns

In the simulations, we have considered 2 specific patterns with a period of 40ms. With these 2 patterns,  the purpose is to use 5 different positions for the HI within the slot transmitting the HI in each set of 3 slots, in a given radio frame and from one radio frame to another. They can be described as follows : 

In this section, the following parameters are used


[image: image12.wmf]ú

û

ú

ê

ë

ê

=

5

data

N

d



[image: image13.wmf]d

*

i

P

i

=

are the HI positions in the 5 slots of the first radio frame of the pattern

i= 0,1...4
denotes slot i within the 5 slots per radio frame which will transmit the HI. 

k= 0,1...4
denotes set k in the sets of 3 slots in each radio frame. These sets of 3 slots are aligned with the radio frame

boundaries.

j= 0,1...3
denotes radio frame j in the symbol stealing pattern. The radio frame corresponding to j=0 is aligned to the

TTI boundary.

Pattern 1

The slots transmitting the HI are the first slots of each set of 3 slots. The HI position in the frames of the pattern are defined by
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This gives the following positions :

Punctured symbol
3-Slot  Set n° # within the radio frame (k)


0
1
2
3
4

Frame n°#

(j)
0
P0
P1
P2
P3
P4


1
P1
P2
P3
P4
P0


2
P2
P3
P4
P0
P1


3
P3
P4
P0
P1
P2

Pattern 2 :
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This gives the following positions :

Punctured symbol
3-Slot  Set n° # within the radio frame (k)


0
1
2
3
4

Frame n°#

(j)
0
P0
P1
P2
P3
P4


1
P0+1
P1+1
P2+1
P3+1
P4+1


2
P0+2
P1+2
P2+2
P3+2
P4+2


3
P0+3
P1+3
P2+3
P3+3
P4+3

In this example pattern, the reference positions have been chosen such that the HI position as calculated in the above table remain smaller than Ndata. In the general case, these values should be taken modulo Ndata.

3.3.2. Simulation assumptions

The simulation assumptions are identical to the ones in [1]. 

For all cases, the simulations have been performed with 

· outdoor to indoor A 3km/h

· outdoor to indoor A 50km/h

· vehicular A 120km/h

Only one transmit antenna is used.

No common channels are present i.e. 100% of the power is allocated to the DPCH.

No power control.

Rake combining with 4 fingers is employed, perfect channel estimation is assumed.

The simulated radio bearers are speech 12.2kbps + 3.4kbps SRB and standalone 3.4kbps SRB with the parameters given in 34.108. 

For AMR12.2kbps + 3.4kbps SRB when fixed position puncturing is employed 2 different positions have been simulated : 

· 7th symbol (puncturing mainly on class C, see Annex A)

· 16th symbol (puncturing mainly on SRB, see Annex A)

These different positions have been simulated to assess the impact of changing the relative protections of the different transport channels of the connection. 

For standalone SRB 3.4kbps, fixed position puncturing has been performed in the 3rd symbol.

3.3.3. Results






In the case of 12.2kbps speech +3.4kbps SRB, fixed position puncturing on class C degrades the performance by 1dB in RBER (@10-3) while using the proposed symbol stealing patterns reduces this degradation to 0.1dB. Fixed position  puncturing on the DCCH degrades the RBER performance by 1dB to 1.5dB (@10-2) while using the proposed symbol stealing patterns reduces this degradation by 0.1dB.

In the case of standalone SRB, fixed puncturing on the 3rd symbol degrades the BLER performance by 0.3dB to 0.9dB (@10-2) while using the proposed symbol stealing pattern reduces this degradation to less than 0.2dB.

It can be seen that both symbol stealing patterns have very similar performance with standalone SRB and SRB+speech. Therefore, any pattern could be envisaged as long as within a given radio frame the position is varied and also that these position do no remain the same from one radio frame to another. The fact that the positions are only modified by a cyclic rotation from one frame to the next does not seem to have major impact on performance. The proposed patterns allow to reduce to less than 0.2dB the degradation brought by puncturing a data symbol from the DPDCH. The schemes which have been described can be applied to any slot format and radio bearer. The simulated cases have been chosen because they are typical cases of radio bearers which could be transmitted on the DPCH associated to a HSDPA connection.

4. Conclusion

In this paper, we have presented a symbol stealing pattern scheme for HI transmission. This scheme allows to reduce the degradation to less than 0.2dB against up to 1.5dB in certain cases for a fixed position puncturing. Some specific sets of parameters have been chosen for simulation purposes but the scheme has been designed such that it can be applied to any slot format or radio bearer used on the DL DPCH. We propose that this scheme is adopted for HI transmission in HSDPA.
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Annex A

       Class A (speech)

       Class B (speech)

       Class C (speech)

       DCCH

Slot
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14


0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
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