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1.  Introduction

In this contribution, we discuss about the physical layer aspects of the E-DCH TrCH processing. First, we continue to discuss about the number of rate matching stages. Secondly, we discuss about how to configure the physical layer parameters according to the E-DCH TF index. 

2. Implementation of HARQ functionality using rate matching

HS-DSCH hybrid ARQ functionality consists of two rate-matching stages and a virtual IR buffer as shown in Figure 1.
The first rate matching stage matches the number of input bits to the virtual IR buffer. The virtual IR buffer is defined by the available UE soft-buffering capability, information about which is provided by higher layers. Note that, if the number of input bits does not exceed the UE soft-buffering capability, the first rate-matching stage is transparent.
The second rate matching stage matches the number of bits after the first rate matching stage to the number of physical channel bits available in the HS-PDSCH set in the TTI. Transmitted bit pattern is controlled by the redundancy version parameters (“s” and “r”). 
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Figure 1: HS-DSCH hybrid ARQ functionality
In case of enhanced uplink, the soft buffer is located in Node B. Considering that the Node B can accommodate higher implementation complexity/cost than the UE, it would be reasonable to assume that there is no (at least little) limitation in Node B soft-buffering capability. Even though there is soft buffer limitation, the Node B would be able to control the amount of memory allocated to each UE through its scheduling operation within the limit. Hence, single stage rate matching would be enough for the E-DCH HARQ.

Removal of the first rate matching stage has benefit of the reduced implementation complexity at the UE. A virtual buffer at the UE side is still needed to store E-DCH channel coded bits. 
The HARQ functionality at the UE is shown in Figure 2. The rate matching function matches the number of input bits to the number of physical channel bits available in the E-DCH TTI. Transmitted bit pattern would be controlled by the redundancy version parameter (“s” and “r”) similarly to HS-DSCH.
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Figure 2: E-DCH hybrid ARQ functionality
Proposal: 

· HARQ functionality is implemented by using single stage rate matching as shown in Figure 2.
3. Setting of physical layer parameters in terms of E-DCH TF
Since there will exist only one E-DCH TrCH and only one transport block per TTI according to TS 25.309, it seems obvious that the E-DCH TF index (E-TFI) will be signalled to the Node B. We identify that the followings should be derived from the selected E-DCH TF for proper transmit/receive operation. 

· Transport block size

· Number of physical channel bits 
· OVSF code mapping. Refer to [1].

· E-DPDCH gain factor 

· RV sequence
In the following sections, we discuss about each parameter.

3.1. Transport block size

In HS-DSCH, we have a single set of transport block size. It may be preferable to adopt the same approach also for the E-DCH if feasible. Otherwise, we may need to define a configurable set of E-DCH TFs. Below is a simple analysis to help to decide which direction we have to proceed, where it is assumed that the E-DCH peak data rate is 2560/4*6*3*0.75/2ms = 4320 kbps. 
· In HS-DSCH, the maximum number of bits equals to 14.4M x 2ms = 28800 bits. Transport block size is signalled by using 6-bit TBS, 1-bit MF, and 4-bit CCS information, i.e., 11 bits in total.

· In E-DCH, 
· For 2ms TTI, the maximum amount of data would be 4.32M x 2ms = 8640 bits. If we want to have a similar approach to HS-DSCH, a simple calculation of 8640/28800 x 11 results in 3.3 bits.
· For 10ms TTI, the maximum amount of data would be 4.32M x 10ms = 43200 bits. If we want to have a similar approach to HS-DSCH, a simple calculation of 43200/28800 x 11 results in 16.5 bits. 
Until now, RAN1 people have mentioned about to use e.g. 5 or 6 bits for E-TFI signalling with the implicit assumption that it would be possible to rely on the same approach as HS-DSCH. However, the above analysis seems to reveal that the assumption may not hold.

Proposal:

· Transport block size is indicated by E-TFI signalling.

· RAN WG1 considers 6 bits would be needed for E-TFI signalling.

· Whether a set of transport block size will be configurable or fixed will be decided based on the joint discussion with RAN WG2.

3.2. Number of physical channel bits
In Rel-99/4/5 uplink, number of physical channel bits of DPDCH, i.e., combination of the spreading factor and the number of code channels, is calculated from the selected TFC according to the algorithm defined TS 25.212 section 4.2.7.1.1, which is copied into Annex A for convenience. Basic principle of the algorithm is to minimize amount of puncturing while minimizing the number of code channels transmitted simultaneously.

For E-DCH, we can think about two possible approaches for calculating the number of physical channel bits.
· Approach 1: An algorithm similar to Rel-99 also could be applied to E-DCH to derive the number of physical channel bits from the transport block size. One example is to set the number of TrCHs in the algorithm of Annex A, i.e., I, to 1, since there is only one transport block per E-DCH TTI. This approach is beneficial because of less uplink signalling overhead.
· Approach 2: If the number of physical channel bits is explicitly signalled, it would be possible to have different number of physical channel bits for the same number of information bits and also for each retransmission. However, this is not seen as beneficial considering the required additional uplink signalling overhead, since the UE occupies the whole code resource. 

Because of severe drawback of the approach 2, we focus on the approach 1.
With taking the approach 1, the number of physical channel bits should be set according to the following principles:

· In case of high data rate requiring the maximum number of code channels, high coding rate up to, e.g., 0.75 should be allowed. 
· If the data rate is not so high that less than the maximum number of code channels can accommodate it, the number of code channels should be minimized while applying the puncturing within the allowed limit.

A possible way to implement the above principles based on the algorithm of TS 25.212 section 4.2.7.1.1 would be as follows.
Proposal:

· The number of physical channel bits, i.e., a combination of the spreading factor and the number of code channels, is calculated from the transport block size according to the algorithm defined TS 25.212 section 4.2.7.1.1 with the following modifications:
· The number of TrCHs is set to 1. 
· If the number of code channels is less than the maximum, the maximum amount of puncturing that can be applied is 1- PLnon-max. For example, PLnon-max could be 0.9 to limit the amount of puncturing to be less than 10%.
· If the number of code channels equals to the maximum, the maximum amount of puncturing that can be applied is 1- PLmax. PLmax would be smaller than PLnon-max. For example, PLmax could be 0.45 to allow the amount of puncturing to be at maximum 55% resulting in the coding rate of about 0.75.
3.3. E-DPDCH gain factor

Because there is only one E-DCH TrCH, it would be quite natural to calculate the E-DPDCH gain factor with respect to the gain factor of the reference E-TF. An example for calculating the gain factor for the j’th E-TF is given below.
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The meaning of the notation in the above equation is as follows:

· 
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: E-DPDCH gain factor of the reference E-TF.
· 
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: E-DPDCH gain factor of the j’th E-TF.

· 
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: Number of code channels of the reference E-TF.

· 
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: Number of code channels of the j’th E-TF.

· 
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: Number of data bits of the reference E-TF.

· 
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: Number of data bits of the j’th E-TF.

· 
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: Additional gain factor to compensate the reduced coding gain in case of high coding rate. It is equal to or larger than 1.
For the E-DCH TFs with high data rate, the initial coding rate would be much higher than 1/3, although the effective coding rate becomes 1/3 after a few retransmissions by relying on IR with non-self decodable versions. Therefore, there would be some loss in coding gain for earlier part of transmissions. To compensate such loss in coding gain, it would be beneficial to set the additional gain factor 
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 larger than 1 for the transport formats with coding rate above a certain threshold. For the other transport formats, 
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 should be set to 1.
Proposal:

· The E-DPDCH gain factor is computed with respect to the gain factor of the reference E-DCH TF according to the predefined rule. 
· Additional gain factor is applied for the E-DCH TFs with coding rate above a certain threshold to compensate the loss in coding gain caused due to large amount of puncturing.
3.4. RV sequence

As described in TS 25.309, the first transmission shall be self-decodable. For retransmissions, to guarantee proper operation of the scheduling, there should be no freedom given to the UE in selecting the redundancy version. It can be achieved by either
· Defining a set of redundancy version (i.e., combination of “s” and “r” parameters) patterns in specifications. 
· Defining a set of the “s” parameter patterns in specifications and calculating the “r” parameter as a function of e.g. CFN. 
4. Conclusion

We propose to agree on the proposals in sections 2 and 3 and capture the text proposals below into TR 25.808.
--------------------------- Start of text proposal part 1 ------------------------------- 
9.1.4
Physical layer HARQ functionality and rate matching

HARQ functionality and rate matching for the E-DCH transport channel shall be performed according to the general method described in section 4.5.4 of TS 25.212 with the modifications as follows. 
· HARQ functionality is implemented by using single stage rate matching as shown in Figure 9.1.2.
· Number of physical channel bits is calculated from the E-DCH transport format according to the general method described in section 4.2.7.1.1 of TS 25.212 with the following modifications:
· The number of TrCHs is set to 1. 
· If the number of code channels is less than the maximum, the maximum amount of puncturing that can be applied is 1- PLnon-max.
· If the number of code channels equals to the maximum, the maximum amount of puncturing that can be applied is 1- PLmax. PLmax would be smaller than PLnon-max.

[image: image13.wmf]RM

_

S

RM

_

P

1

RM

_

P

2

Bit

separation

Bit

collection

Systematic

bits

Parity 

1

bits

Parity 

2

bits

N

sys

N

p

1

N

p

2

N

t

,

sys

N

t

,

p

1

N

t

,

p

2

N

E

,

data

N

E

,

TTI

Virtual buffer


Figure 9.1.2: E-DCH hybrid ARQ functionality
The other specific parameters which shall be used are FFS.

--------------------------- End of text proposal part 1 ------------------------------- 

--------------------------- Start of text proposal part 2 ------------------------------- 

10
Spreading and Modulation

Editor's note: This chapter is supposed to capture the changes to TS25.213

10.1
Gain factor setting for E-DPDCH

The E-DPDCH gain factor is computed with respect to the gain factor of the reference E-DCH TF according to the predefined rule. Additional gain factor is applied for the E-DCH TFs with coding rate above a certain threshold to compensate the loss in coding gain caused due to large amount of puncturing.

--------------------------- Start of text proposal part 2 ------------------------------- 

Annex A TS 25.212 Section 4.2.7.1.1

--------------------- Start of copy ------------------------- 

4.2.7.1.1
Determination of SF and number of PhCHs needed
In uplink, puncturing can be applied to match the CCTrCH bit rate to the PhCH bit rate. The bit rate of the PhCH(s) is limited by the UE capability and restrictions imposed by UTRAN, through limitations on the PhCH spreading factor. The maximum amount of puncturing that can be applied is 1-PL, PL is signalled from higher layers. The number of available bits in the radio frames of one PhCH for all possible spreading factors is given in [2]. Denote these values by N256, N128, N64, N32, N16, N8, and N4, where the index refers to the spreading factor. The possible number of bits available to the CCTrCH on all PhCHs, Ndata, then are { N256, N128, N64, N32, N16, N8, N4, 2(N4, 3(N4, 4(N4, 5(N4, 6(N4}.

For a RACH CCTrCH SET0 represents the set of Ndata values allowed by the UTRAN, as set by the minimum SF provided by higher layers. SET0 may be a sub-set of { N256, N128, N64, N32 }. SET0 does not take into account the UE’s capability. 

For other CCTrCHs, SET0 denotes the set of  Ndata values allowed by the UTRAN and supported by the UE, as part of the UE’s capability. SET0 can be a subset of { N256, N128, N64, N32, N16, N8, N4, 2(N4, 3(N4, 4(N4, 5(N4, 6(N4}. Ndata, j for the transport format combination j is determined by executing the following algorithm:
SET1 = { Ndata in SET0 such that [image: image14.wmf]{
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If SET1 is not empty and the smallest element of SET1 requires just one PhCH then 

Ndata,j = min SET1 

else

SET2 = { Ndata in SET0 such that [image: image15.wmf]{
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Sort SET2 in ascending order

Ndata = min SET2

While Ndata is not the max of SET2 and the follower of Ndata requires no additional PhCH do

Ndata = follower of Ndata in SET2 

End while

Ndata,j = Ndata
End if
For a RACH CCTrCH, if Ndata,j is not part of the UE’s capability then the TFC j cannot be used. 

--------------------- End of copy ------------------------- 
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