TSG-RAN WG1 #38bis
R1-041183
Seoul, Korea, September 20-24, 2004
Source:
Ericsson

Title:
E-DCH Transport Formats

Agenda Item:
7.6

Document for:
Discussion and Decision

1. Introduction

In order to support different uplink data rates, different transport block sizes have to be supported on the E-DCH. In principle, there are two different ways of specifying the transport block sizes:

· Configurable, possibly using different TB sizes for different UEs

· Static, using TB sizes defined in the specifications

In R99, the former approach is used, while for HSDPA, the latter approach was adopted. The reason for adopting a fixed, static mapping for HSDPA was to reduce the amount of signaling required to configure the UEs (especially in conjunction with mobility), to simplify the UE implementation, and to simplify the UE conformance testing. For the enhanced uplink, the same reasons hold and it is therefore recommended to adopt a fixed set of TB sizes to be included in the specifications.

2. Transport Format Table

2.1. Basic Structure

In order to demodulate the received transmission, the Node B needs to know at least the transport block size, the number of channelization codes, and the spreading factor used on each of the channelization codes. This is part of the E-DCH transport format and signaled to the Node B through the E-TFI (E-DCH Transport Format Indicator). With each transport format, there is also an E-DPDCH/DPCCH power offset associated (expressed in beta values similarly to R99). It is proposed to have the possibility to set a reference gain factor (ref by higher layer signaling and to derive the beta factors for the remaining transport formats in a similar fashion as in R99
. Having the possibility to signal a reference gain factor (ref allow for different Node B receiver implementations in the Node B and different hybrid ARQ operating points in terms of the targeted BLER for the initial transmission (a lower gain factor for a given transport block size results in a larger number of transmission attempts). 

An illustration of a transport format table is given in Table 1. 

	Index
	Transport Block Size
	Number of E-DPDCHs
	Spreading factor
	E-DPDCH gain factor (e

	0
	TBS0
	n0
	SF0
	 f(TBS0, (ref)

	1
	TBS1
	n1
	SF1
	f(TBS1, (ref)

	...
	...
	...
	...
	...

	i
	TBSi
	ni
	SFi
	f(TBSi, (ref)

	…
	...
	...
	...
	...


Table 1: Illustration of the transport format table. The quantities TBSi, ni, SFi, and f are to be defined in the specifications. The quantity (ref is set by higher layer signaling.

2.2. Low Data Rates

The lowest data rate is given by the smallest transport block size (e.g., 320 bits + headers) divided by the TTI (2 ms or 10 ms) and the number of hybrid ARQ attempts targeted. To allow for the lowest data rates, the function f should be defined to allow for multiple transport formats with the same transport block size. This is useful to support the lowest data rates by relying on soft combining of additional transmission attempts. An simple illustration is provided in Table 2. Note that transport format 0 and 1 both support the same transport block size, while TF0 has a smaller gain factor and a larger number of targeted transmission attempts than TF1.

	Index
	Transport Block Size
	Number of E-DPDCHs
	Spreading factor
	E-DPDCH gain factor (e
	Targeted #attempts
	Targeted data rate

	0
	TBS1
	n1
	SF1
	 f(TBS1, (ref)/(2
	2N
	R1/2

	1
	TBS1
	n1
	SF1
	f(TBS1, (ref)
	N
	R1

	...
	...
	...
	...
	...
	
	

	I
	TBSi
	ni
	SFi
	f(TBSi, (ref)
	N
	Ri

	…
	...
	...
	...
	...
	
	


Table 2: Illustration of support of low data rates. Transport format 0 and 1 both have the same transport block size (e.g., one 320-bit PDU plus MAC-e header), but transport format 0 has half the data rate due to a smaller gain factor and thus a larger number of transmission attempts. The columns for the targeted number of attempts and the targeted data rate are for illustration only and may not have to be configured in the UE.

2.3. Multiple Gain Factors per Transport Block Size

The possibility for the UE to select between two (or more) E-DPDCH power offsets have been discussed in the past, e.g., to allow high priority data to use a higher power offset to reduce the number of transmission attempts (sometimes referred to as ‘normal’ and ‘boost’ modes). Note that the selection of ‘normal’ and ‘boost’ can depend on more aspects than the priority (logical channel mapping). One example is to allow the UE to ‘boost’ the power also for low priority data, provided the resource consumption (power usage) is within the scheduling grant provided to the UE. With this approach, the network can, in a low load situation, grant the UEs with more resources than required from a UE buffer point of view in order to reduce the delays (this can be seen as adjusting the hybrid ARQ operating point depending on the instantaneous network load).

Multiple gain factors per transport format can be achieved by having two (or more) columns with gain factors in the transport format table. For a give transport block size, the UE selects one of the gain factor columns according to a specified rule. The UE could signal which gain factor (which column) it has used to the Node B if useful. Another situation when it might be beneficial to allow for a different gain factor setting is for autonomous (non-scheduled) transmissions using the minimum set, e.g., to limit the interference from these transmissions. This can be easily included in Table 3 by adding a third gain factor column, used for autonomous (non-scheduled) transmission with transport formats belonging to the minimum set. 

	Index
	Transport Block Size
	Number of E-DPDCHs
	Spreading factor
	E-DPDCH gain factor (e

	
	
	
	
	Normal
	Boost

	0
	TBS0
	n0
	SF0
	 f(TBS0, (ref)
	 f(TBS0, (’ref)

	1
	TBS1
	n1
	SF1
	f(TBS1, (ref)
	f(TBS1, (’ref)

	...
	...
	...
	...
	...
	...

	i
	TBSi
	ni
	SFi
	f(TBSi, (ref)
	f(TBSi, (’ref)

	…
	...
	...
	...
	...
	...


Table 3: Illustration of the transport format table, allowing for multiple gain factors per transport format. The quantities TBSi, ni, SFi, and f are to be defined in the specifications. The quantities (ref and (’ref are set by higher layer signaling.

2.4. Number of Transport Formats

The number of transport formats that should be supported has an impact on the number of bits required for E-TFI signaling. It is desirable to avoid excessive padding (i.e., to provide sufficient granularity in the TB sizes) and to avoid an excessively large number of bits for E-TFI signaling. The transport block sizes should span the entire range of data rates the enhanced uplink can support. Finally, it is beneficial if the same set of transport block sizes can be used for all different UE categories and TTIs.

The smallest transport block size is likely to be slightly larger than 320 bits (one 320 bit MAC-d PDU + headers), although they may be a need for a few even smaller sizes, e.g., for SRBs. The largest possible transport block size is approximated by the peak rate divided by the TTI. The theoretical peak rate with six E-DPDCHs and no coding is 5.76 Mbit/s. Thus, with a peak rate of around 5 Mbit/s, the supported transport block sizes are approximately in the range of 320–10000 bits for 2 ms TTI, and 320–50000 bits for 10 ms TTI. 

With the same approach as for HSDPA, i.e., logarithmic spacing of transport block sizes spanning the whole range, the worst case padding can be computed for different number of bits in the E-TFI and different TTIs. The results are found in Table 4. The two TTI columns contain results for 10000 and 50000 maximum transport block size. If possible, it is desirable to have the same table, regardless of the TTI, and the table should only be interpreted as an indication of the amount of padding and not a complete proposal. It can be noted that HSDPA supports 254 different transport block sizes, signaled by the 6 bit size indicator and 7 bit code mapping indicator on the HS-SCCH. For the E-DCH, all transport block size signaling has to be carried by the E-TFI.

	Number of E-TFI bits
	2 ms TTI
	10 ms TI

	6 bits (64 sizes)
	5.9
	8.5

	7 bits (128 sizes)
	3
	4.2

	8 bits (256 sizes)
	1.5
	2.2


Table 4: Worst case padding in percent with logarithmic spacing of transport block sizes.

It is desirable to limit the number of supported transport formats for several reasons, e.g., to reduce the amount of E-TFI signaling overhead and to reduce the UE TFC selection complexity. At the same time, excessive padding should be avoided. 

To reduce the number of bits, it could be considered to align the transport block sizes in the table resulting from a logarithmic spacing to the most commonly used MAC-e PDUs. If the MAC-e header is of fixed size  (at least for common multiplexing cases) and the main focus is on 320 and 640 bit MAC-d PDUs, this could be feasible, while it may be harder in case the headers are of vastly varying sizes. Aligning the transport block sizes with the MAC-e structure, if possible, cannot be done until RAN2 has reached a conclusion in this area.

3. Conclusion

It is proposed to agree on:

· The use of fixed (non-configurable) transport block sizes for the E-DCH

· The use of higher layer signaling of a small number of parameters from which all the gain factors are computed.

Furthermore, it is proposed to liaise with RAN2 and ask them about suitable transport block sizes.

� More advanced methods, using multiple parameters to affect the derivation of the beta factors could be considered, provided there is a significant gain.





