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1 Introduction
In order to support E-DCH transmission, the following information is required at the Node-B receiver per user in each active E-DCH TTI:
· The actual spreading factor used (SFactual) for the E-PUCH (note: this may be greater than or equal to the allocated spreading factor, SFalloc)

· The modulation type (QPSK/16-QAM)

· The MAC-e transport block size (TBS)

· The retransmission sequence number (RSN)

· The HARQ process ID

Some of these parameters are inter-related (particularly the SF, modulation and TBS, and in this document we investigate how to efficiently carry these to the Node-B.  Note that methods of channel coding the information are not treated here.

2 Parameters for Demodulation
The modulation type and SFactual parameters are needed for demodulation at the Node-B (timeslot-based functionality), whereas the other parameters are linked with the transport channel processing function (TTI-based functionality).

The modulation type and the actual SF may either be explicitly signalled or may be inferred from the block size given sufficient range in the block size signalling and given SF and modulation selection rules known to both UE and Node-B.  The rules required at the receiver are as in [1] and are:

· The UE is provided (by higher layers) with a maximum and minimum allowable coderate.  For a given TBS, the UE shall always select a SF which minimises the coderate without violating the minimum coderate assigned or exceeding the physical resource assignment.

· The UE is provided (by higher layers) with a coderate threshold above which 16-QAM modulation is preferred.
By using these rules, the Node-B is able to determine the SF and modulation type used for a given TBS.  Thus the SF, modulation and block size parameters are in some way related and it is appropriate to treat these together.  The RSN and HARQ ID may be considered separately due to their lack of inter-dependence with these other parameters.
Three options have been considered for conveying the block size, SF and modulation parameters to the Node-B as described in the following:
Option 1:

Here we explicitly signal:

· The SF used (5 states)

· The modulation (2 states)
· The code rate (combined with the number of resource units used the block size may be obtained)

The number of states needed for the code rate is a function of the maximum amount of padding we wish to allow at MAC-e.  In general we consider that code rates between 0.25 and 1 are useful, a range factor of 4.  Thus, we can assume that for “m” states, and a maximum fraction of MAC-e padding (ρ-1), that:
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The number of bits then required to represent the combined SF, modulation and block size is:
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Option 2:

Here we signal the SF and modulation type implicitly with the block size.  A single block size table is used regardless of the amount of resource allocated.  Thus, the range factor to be supported by the block signalling must allow for:
· A factor of 2 for modulation type

· A factor of 16 for SF adjustment by the UE

· A factor of approximately 4 for code rate (e.g. 0.25 through to 1)

· A factor of 12 for the number of timeslots

Overall, a factor of 1536 is therefore required.
Thus, as before, we can assume that for “m” states, and a maximum fraction of MAC-e padding (ρ-1), that:


[image: image4.wmf]1536

1

=

-

m

r



[image: image5.wmf](

)

(

)

1

log

1536

log

+

=

r

m


The number of bits then required to represent the SF, modulation and block size is:
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Option 3:

Here we again signal the SF and modulation type implicitly with the block size.  However, in contrast to option 2, a different block size table is used for each number of timeslots allocated.  In this case, the range factor to be supported by the block signalling must allow for:

· A factor of 2 for modulation type

· A factor of 16 for SF adjustment by the UE

· A factor of approximately 4 for code rate (e.g. 0.25 through to 1)

Overall, a factor of 128 is therefore required.

Then:
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The number of bits required to represent the SF, modulation and block size in this case is:
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Figure 1 shows the required number of bits to signal the combined modulation, SF and block size in each of the 3 options above as a function of the maximum amount of allowable MAC-e padding.
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Figure 1: Control signalling required for options 1, 2, and 3
Option 3 is therefore the most efficient scheme of the three options.  Notably, the scheme is able to carry the SF, modulation and TBS information with a maximum of 3.89% MAC-e padding using 7 bits of information.  This degree of padding is comparable with that in FDD E-DCH (3.67% and 4.14% for 2ms and 10ms TTI respectively).
A further issue exists however, in that for retransmissions, in conjunction with the asynchronous HARQ scheme, it is desirable for the scheduler to be able to adapt the resource size whilst allowing the UE to retransmit the same block size as for a previous transmission.  This is not an issue for options 1 and 2 as single table is used, but for option 3 this requires that the TBS tables for each number (n) of allocated timeslots exhibit extensive overlap (i.e. the same TBS appears in multiple tables).
Thus, the following TBS mapping function is proposed:
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Setting kn as an integer maximises the overlap between the block size values contained within each TBS table.
In the above formula 
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, ki is the TBS index (0…127) and kn is an integer selected based upon the number of timeslots allocated.  kn is related to both ρ and n such that 
[image: image13.wmf]n

n

k

=

r

.  Hence we derive kn as:

[image: image14.wmf](

)

(

)

ú

û

ú

ê

ë

ê

=

r

log

log

n

k

n


The flooring operation helps to ensure that the maximum block sizes have coderate <1 for maximum resource occupancy.
kn is tabulated for each number of allocated slots (n) in Table 1 below.
	n
	kn

	1
	0

	2
	18

	3
	28

	4
	36

	5
	42

	6
	46

	7
	50

	8
	54

	9
	57

	10
	60

	11
	62

	12
	65


Table 1: tabulated kn as a function of n
The number of times a TBS appears in the set of tables is revealed by looking at the histogram of TBSs with bin width equal to 1 as shown in Figure 2.
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Figure 2 – TBS overlap
172 of the 193 unique block sizes appear more than once in the tables and 63 of them appear in all 12 tables.  The full distribution is shown in Figure 3.
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Figure 3: TBS frequency of occurrence
3 RSN and HARQ ID Parameters
It is proposed to transmit these parameters in their native form (with appropriate channel coding) as they are not inter-related and do not need to be jointly considered for source coding, unlike the SF, modulation and TBS parameters discussed in section 2.

4 Conclusion

The signalling efficiencies of three schemes to convey SF, modulation and TBS information to the enhanced uplink receiver have been investigated.  The best performing scheme uses explicit signalling of the transport block size whilst the SF and modulation are implicitly signalled based upon E-TFC selection rules known to both the UE and Node-B.
The selected scheme requires 7 bits to carry TBS (explicitly), SF and modulation (implicitly) at a maximum MAC-e padding overhead of 3.89%.  TBS overlap is maximised to allow for retransmission of the same block size with a differing number of timeslots using the asynchronous HARQ protocol.
A text proposal for TR 25.826 is appended.
As the TBS mappings are documented under WG2, it may be beneficial to send WG2 an LS for information.
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<<<<<<<<<<<<<<<<<<<<<<<<<< start of text proposal >>>>>>>>>>>>>>>>>>>>>>>>>

7.3.1.2.2
Timeslot Resource

The timeslot component of the physical resource grant “TRRI” (Timeslot Resource Related Information) is a bitmap of length nTRRI indicating which of the timeslots configured for E-DCH use by higher layers have been allocated.  The length of the TRRI field (nTRRI) is configurable by higher layers on a per-cell basis up to a maximum of 12 bits.

9.3.2 E-UCCH
The E-UCCH is used to convey the following information:

· The occupied code resources of the selected E-TFC – 0 bits (see note 1)

· The modulation type of the selected E-TFC – 0 bits (see note 1)

· The transport block size of the selected E-TFC – 7 bits

· The retransmission sequence number (RSN) – 2 bits

· The HARQ process ID – 2 bits
Note 1:  The occupied code resources and the modulation type are not explicitly signaled, but may be inferred from the transport block size.

<<<<<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>>>>>>

� Note: we propose here to reduce the maximum number of E-DCH timeslots from 13 to 12
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