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1 Introduction
At the last RAN WG1 meeting #45, CRs introducing enhanced uplink functionality for 3.84Mcps TDD in 25.201, 25.221, 25.223, 25.224 and 25.225 were technically endorsed [1],[2],[4],[5],[6].
A corresponding draft CR for 25.222 was submitted and noted [3].  The CR was in draft form as the final details of the channel coding for E-DCH were not yet finalised.  However, it was agreed that the coding of E-DCH would share much commonality with coding for HS-DSCH due to the similar use of 16-QAM (see [7]).  It is further seen as beneficial to retain and share commonality with FDD E-DCH where possible or appropriate.

In this document, the remaining details for the coding of E-DCH are proposed.  The proposal is also the result of an analysis of the performance of different IR and constellation rearrangement schemes as documented in section 2. In general, the proposed scheme has the following characteristics:

· The coding chain is similar to that of HS-DSCH for TDD

· The same redundancy versions (RV) as used for FDD E-DCH are used (also based upon the outcome of the simulations)

· The RV is linked to RSN in a similar manner to that used for FDD E-DCH.  However, some modification is required for the case where RSN=3 due to the fact that the FDD linkage between TTI number and HARQ process is not present for the asynchronous HARQ scheme used for TDD E-DCH.

· The “b” parameter for constellation rearrangement is linked with the RSN, thereby avoiding the need for any explicit signalling of “b”.
2 Simulation of IR schemes for TDD E-DCH
In order to find a suitable set of redundancy versions (RV) and constellation rearrangement (CoRe) for E-DCH, we compare several combinations by simulation. Both QPSK and 16QAM modulations with low and high coding rates are considered. 

To maximize the commonality between FDD and TDD E-DCH, the same RV as used by FDD E-DCH are proposed to be reused in TDD E-DCH as much as possible.  For FDD E-DCH, the following RVs are used [8]:
	RSN Value
	Coding rate <1/2
	1/2 ≤ Coding rate

	
	E-DCH RV Index
	E-DCH RV Index

	0
	0
	0

	1
	2
	3

	2
	0
	2

	3
	[ (TTIN/NARQ( mod 2 ] x 2
	(TTIN/NARQ( mod 4


where the RV index is defined as 

	E-DCH RV Index
	s
	r

	0
	1
	0

	1
	0
	0

	2
	1
	1

	3
	0
	1


We refer to the RV for the low (<0.5) and high (≥0.5) coding rates as systematic and full Incremental Redundancy (IR), respectively. The first objective here is to verify whether the use of systematic IR for low coding rates and full IR for high coding rates is still appropriate for TDD E-DCH. 

As 16QAM modulation benefits from the use of CoRe, but is not utilized in FDD E-DCH, a suitable set of CoRe patterns should be additionally designed for TDD E-DCH. An exhaustive search of the optimal CoRe is infeasible to implement. A reasonable choice is to use the three CoRe patterns which were originally designed for the three coding rate dependent RVs, i.e. full, partial (equivalent to systematic here) and CC IR, for HS-DSCH [9]. Here we compare these three CoRe patterns, b1= {0, 0, 1, 1}, b2 = {0, 1, 2, 3} and b3 = {0, 1, 1, 0}, jointly with the full and systematic IR. 

Table 1 shows the reference channels which are defined according to different modulation format and coding rate. Additional simulation assumptions can be found in Table 2. 

Table 1 Reference Channels
	Reference channcel
	Block Size
	Time slots
	SF
	Burst type
	Code rate
	Mod

	FRC1
	2261
	6
	4
	1
	0.39
	QPSK 

	FRC2
	4329
	6
	4
	1
	0.74
	QPSK

	FRC3
	2261
	6
	8
	1
	0.39
	16QAM

	FRC4
	4329
	6
	8
	1
	0.74
	16QAM


Table 2 Simulation Assumptions

	Parameter
	Value

	Carrier Frequency
	2GHz

	Channel
	AWGN

	Power Control
	OFF

	Number of codes 
	1

	Number of ARQ Process
	1

	Max Number of Transmissions
	4

	Channel Estimation
	Ideal

	Channel Coding
	1/3 rate turbo coding 

	Max no. of iterations for Turbo Coder
	4

	Metric for Turbo Coder
	Max-log MAP

	Input to Turbo Decoder
	Soft

	Over Sampling Rate
	1

	Receive Diversity
	On


Figure 1 and Figure 2 show the BLER results for FRC1 and FRC2, which have a QPSK modulation, with systematic and full IR schemes. Being the same for both IR schemes, the BLER results for the first transmission are not presented. It is seen that both IR schemes have similar performance for the low coding rate, whilst full IR outperforms systematic IR by about 1dB for all retransmissions at the high coding rate. Note that these results agree well with those for FDD E-DCH [10]. For being self-decodable in every transmission, the systematic IR is preferred to the full IR, which is only self-decodable at the first and third transmissions. 

Figure 3 to Figure 8 present the BLER results for the 16QAM modulated FRC3 and FRC4 with different RV and CoRe. The best schemes are summarized as in Table 3. It is clear that the use of systematic IR for low coding rates and full IR for high coding rates is still applicable for 16QAM modulation. For the low coding rate, systematic IR with b2 is the best choice (it performs the best for all transmissions). For the high coding rate, both the full IR with b1 and b3 are the best for all three retransmissions, and the full IR with b2 is only slightly worse (by 0.15dB) than those best two at the 3rd retransmission. Allowing the same CoRe pattern used for both coding rates by a trivial performance loss, we propose to use b2 also for the high coding rate.

Table 3 Summary of the best scheme of FRC3 and FRC4
	Low Coding Rate (FRC3)
	Best scheme
	Second best scheme

	2nd Tx
	Sys IR + b2/ Sys IR + b3
	Full IR + b2

	3rd Tx
	Sys IR + b2
	Full IR + b2

	4th Tx
	Sys IR + b2
	Full IR + b2

	High Coding Rate (FRC4)
	Best scheme
	Second best scheme

	2nd Tx
	Full IR + b1 / Full IR + b2 / Full IR + b3 / Full IR without CoRe  

	3rd Tx
	Full IR + b1 / Full IR + b3
	Full IR + b2

	4th Tx
	Full IR + b1/ Full IR + b2 / Full IR + b3


Based on the presented results, we propose to adopt the same RV as those for FDD E-DCH, and a RV independent CoRe pattern b2 = {0, 1, 2, 3} for TDD E-DCH.
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Figure 1 FRC1 QPSK low coding rate
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Figure 2 FRC2 QPSK high coding rate
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Figure 3 FRC3 16QAM low coding rate – 2nd transmission; 
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Figure 4 FRC3 16QAM low coding rate – 3rd transmission
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Figure 5 FRC3 16QAM low coding rate – 4th transmission
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Figure 6 FRC4 16QAM high coding rate – 2nd transmission 
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Figure 7 FRC4 16QAM high coding rate – 3rd transmission
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Figure 8 FRC4 16QAM high coding rate – 4th transmission
3 Description of E-DCH coding chain
In this section, the details of the proposal for coding of E-DCH are described.

An overview of the channel coding functions (taken from TR 25.826 v1.2.0) is shown below.
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Figure 9 – overview of E-DCH transport channel processing functions
3.1 CRC attachment
This is performed in the same manner as described in section 4.2.1 of TS 25.222.  The CRC length is always set to 24 bits for E-DCH.
3.2 Code Block Segmentation
This is performed as per the current description in TS 25.222.  There is a maximum of 1 E-DCH transport block.
3.3 Channel Coding
Rate 1/3 turbo encoding is performed for E-DCH as currently described in TS 25.222.
3.4 Physical Layer HARQ Functionality
This follows the same principles that are applied to FDD E-DCH.  Following bit separation, each systematic/parity stream is passed through a rate matching function prior to bit collection.  The total number of bits output from the bit collection stage is equal to the number of physical channel bits available for E-DCH transmission in the TTI.
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Figure 10 – HARQ and rate matching functionality for E-DCH
The number of available physical channel bits is determined by the MAC-e and is directly associated with the SF and modulation type selected by MAC-e (E-TFC selection function for TDD E-DCH).

The bit separation and bit collection functions are identical to those currently described in TS 25.222.  The RV parameters s and r are linked to the RV in the same manner as performed for FDD E-DCH.  This has also been confirmed to be an appropriate choice for TDD via simulation (see section 2).

	E-DCH RV Index
	s
	r

	0
	1
	0

	1
	0
	0

	2
	1
	1

	3
	0
	1


Table 4 – mapping between RV and the s and r parameters used for rate matching
3.5 Bit Scrambling
This is performed in an identical manner to that already described in TS 25.222.
3.6 Interleaving for E-DCH
This follows the same procedure as is used for HS-DSCH in TS 25.222.
3.7 Constellation Rearrangement for 16-QAM
Due to the use of 16-QAM for TDD E-DCH, some benefit for IR may be achieved through the use of the constellation rearrangement function (as is also employed for HS-DSCH).  However, for HS-DSCH, the “b” parameter selecting the rearrangement pattern is effectively signalled to the UE receiver along with the used RV via HS-SCCH.  For E-DCH, it is preferred to link the RV with the RSN such that the need for explicit signalling of additional RV bits is avoided.  This is also the approach adopted for FDD E-DCH.  However, there is then the need for the Node-B receiver to have knowledge of the “b” parameter to correctly process the data.  Simulations (see section 2) have shown that linking the “b” parameter to the RV (and hence also to the RSN) provides a good level of performance for IR whilst avoiding the need for additional UL signalling overhead.  The proposed constellation rearrangement parameter linkage with RV is shown in Table 5 below (corresponding to constellation rearrangement parameter sequence “b2” of section 2).

	E-DCH RV Index
	b

	0
	0

	1
	1

	2
	2

	3
	3


Table 5 – mapping between RV index and constellation rearrangement parameter b
3.8 Physical channel mapping for E-DCH
There is at most one physical channel per timeslot for E-DCH.  The physical channel bits are mapped directly to the physical channel for each timeslot in ascending order.
4 Conclusion

This document describes a complete proposal for the coding of E-DCH for 3.84Mcps TDD enhanced uplink.  The proposal makes maximum reuse of HS-DSCH transport channel processing functions existing for TDD whilst also retaining commonality with FDD E-DCH wherever possible.  The proposal is also fully compatible with operation of enhanced uplink at 7.68Mcps.
RAN1 is kindly requested to endorse the proposal and the associated text for TR 25.826 (appended below).
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6.2
Signalling Information Required for the Support of HARQ

E-UCCH is used to carry uplink signaling required for HARQ.  The E-UCCH contains the following HARQ-related parameters:

· HARQ process ID (2 bits)

· Retransmission Sequence Number (RSN) – (2 bits)


HARQ-related parameters which are configured by higher layers include:

· nE-HICH in slots (see section 6.1.2)

· The number of HARQ processes (up to 4)

6.2.1
Retransmission Sequence Number
To indicate the redundancy version (RV) of each HARQ transmission and to assist the Node B soft buffer management a two bit retransmission sequence number (RSN) is signalled from the UE to the Node B.  The value of RSN is set by higher layers depending on the transmission number (n) for the associated HARQ process, according to table 6.2.1.1 below.  Thus, the RSN sequence for a given HARQ process follows the pattern 0,1,2,3,2,3,2,3,…
Table 6.2.1.1: RSN value for the initial transmission and for retransmissions
	Transmission Number (n)
	RSN value

	0 (initial transmission)
	0

	1
	1

	2
	2

	≥3
	2+(n mod 2)


The used RV is explicitly linked to the transmitted RSN and as such the Node-B is always able to determine the correct RV if the E-UCCH is correctly decoded.
In addition to being associated with the value of RSN, the redundancy version (RV) of the E-DCH transmission is also associated with the coding rate of the E-DCH transmission according to table 6.2.1.2 below.
Table 6.2.1.2: Relation between RSN and E-DCH RV index
	RSN
	Coding Rate <1/2
	½ ≤ Coding Rate

	
	E-DCH RV Index
	E-DCH RV Index

	0
	0
	0

	1
	2
	3

	2
	0
	2

	3
	2
	1


<<<<<<<<<<<<<<<<<<<<<<< next changed section >>>>>>>>>>>>>>>>>>>>>>>>>>>

9.1
Coding and Multiplexing for Uplink Data

Figure 9.1.1 shows the processing structure for the E‑DCH transport channel mapped onto a separate CCTrCH.  Data arrives to the coding unit in form of a maximum of one transport block once every transmission time interval (TTI).  A 10ms TTI is used for E-DCH.  The following coding steps for E-DCH can be identified:

-
append CRC (length 24) to each transport block

-
code block segmentation

-
channel coding (1/3 rate turbo coding shall be employed)
-
hybrid ARQ
-
bit scrambling
-
interleaving for E-DCH

-
constellation re-arrangement for 16QAM

-
mapping to physical channels
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Figure 9.1.1. Coding chain for E-DCH
Many of the processing functions of figure 9.1.1 for the E-DCH follow the same general principles as those employed for HS-DSCH for TDD due to the similar use of QPSK and 16-QAM modulation along with 1/3 rate turbo coding in both cases.  Full details are described in the following sub-clauses.

9.1.1
CRC attachment

CRC attachment for the E-DCH transport channel shall be performed according to the general method described in section 4.2.1 of TS 25.222 with the following specific parameters:

· The CRC length shall always be Li = 24 bits.
9.1.2
Code block segmentation

Code block segmentation for the E-DCH transport channel shall be performed according to the general method described in 4.2.2 of TS 25.222 with the following specific parameters:

· Maximum number of transport block is 1. 

· The bits bim1, bim2, bim3,…bimBi input to the block are mapped to the bits xi1, xi2, xi3,…xiXi directly. It follows that Xi = Bi. Note that the bits x referenced here refer only to the internals of the code block segmentation function. The output bits from the code block segmentation function are oir1, oir2, oir3,…oirK.

· The value of Z = 5114 for turbo coding shall be used
9.1.3
Channel coding

Channel coding for the E-DCH  transport channel shall be performed according to the general method described in section 4.2.3 of TS 25.222 with the following specific parameters:

· There is a maximum of one transport block, i=1

· The rate 1/3 turbo coding shall be used.

9.1.4
Physical layer HARQ functionality and rate matching

The hybrid ARQ functionality matches the number of bits at the output of the channel coder to the total number of bits of the E-PUCH set to which the E-DCH transport channel is mapped. The hybrid ARQ functionality is controlled by the redundancy version (RV) parameters.
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Figure 9.1.4.1: E‑DCH hybrid ARQ functionality
9.1.4.1
Determination of SF, modulation and number of physical channels
5.1.1.1 The SF, modulation type and number of E-PUCHs in the E-PUCH set is determined by higher layers.  These correspond to a value of Ne,data,j.
9.1.4.2
HARQ bit separation

The HARQ bit separation function is performed in the same way as bit separation for turbo encoded TrCHs with puncturing as described in section 4.2.7.2.1 of TS 25.222.

9.1.4.3
HARQ Rate Matching Stage

The hybrid ARQ rate matching for the E-DCH transport channel is performed in accordance with the general method described in section 4.2.7.3 of TS 25.222 with the following specific parameters. 

The parameters of the rate matching stage depend on the value of the RV parameters s and r. The s and r combinations corresponding to each RV allowed for the E-DCH are listed in table 9.1.4.3.1 below.

Table 9.1.4.3.1: RV for E-DCH

	E-DCH RV Index
	s
	r

	0
	1
	0

	1
	0
	0

	2
	1
	1

	3
	0
	1


The parameter eplus, eminus and eini are calculated with the general method described in section 4.5.4.3 of TS 25.222. The following parameters are used as input:


Nsys = Np1 = Np2 = Ne,j/3


Ndata = Ne,data,j

rmax = 2 (for both QPSK and 16-QAM)
9.1.4.4
HARQ bit collection

HARQ bit collection for E-DCH is performed according to the general method described for HS-DSCH in subclause 4.5.4.4 of TS 25.222.

9.1.5
Bit scrambling
The bit scrambling for E-DCH is performed in accordance with the general method described in subclause 4.2.9 of TS 25.222.

9.1.6
Interleaving for E-DCH
Interlevaing for E-DCH is performed in accordance with the general method described for HS-DSCH in subclause 4.5.6 of TS 25.222.

9.1.7
Constellation re-arrangement for 16 QAM

5.1.2 In the case of 16-QAM, constellation rearrangement is performed in accordance with the general method described for HS-DSCH in subclause 4.5.7 of TS 25.222.  For QPSK this function is transparent.
5.1.3 The constellation version parameter b is associated with the E-DCH RV index as shown in table 9.1.7.1 below.

Table 9.1.7.1: Mapping of RV to constellation rearrangement parameter b for E-DCH

	E-DCH RV Index
	b

	0
	0

	1
	1

	2
	2

	3
	3


9.1.8
Physical channel mapping for E-DCH
The bits input to the physical channel mapping are denoted by r1, r2, ..., rR, where R= Ne,data,j and is the number of physical channel data bits to be transmitted in the current TTI on the set of E-PUCHs.  These bits are mapped to the physical channel bits, {wt,k : t = 1, 2, ..., T; and k = 1, 2, ..., Ut}, where t is the timeslot index, T is the number of timeslots in the allocation message, k is the physical channel bit index and Ut is the number of bits in the E-PUCH physical channel in timeslot t. The timeslot index, t, increases with increasing timeslot number and the physical channel bit index, k, increases with increasing physical channel bit position in time.

The bits r1, r2, ..., rR shall be mapped to the physical channel bits wt,k according to the following rule : 
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