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1. Introduction

The User Data Frame format for E-DCH was not finalized during the RAN3 #45 meeting. Different aspects that need to be considered when completing the frame format are discussed in this contribution and a solution is outlined for each aspect.

2. Problem

The UL DATA FRAME FOR E-DCH in 25.427 version 6.1.0 is not complete. Details are e.g. missing on how to insert information about DDI and N into the frame header.

25.427 does not specify how frames can be bundled in case the SRNC has signalled that bundling is to be used.

The CRC fields for the header and the payload will most probably not be providing adequate protection, and will need to be extended, especially in the case of bundling.

The current specification on the generation of CFN and SFN may be leaving room for interpretation.

3. Discussion

The need for information about DDI and N

The working assumption is that the SRNC will signal a mapping table to the Node B that describes the relationship between DDI and Mac-d flow ID and Mac-d PDU length. The Node B will receive the DDI value with the payload from the UE. It has not been decided how to map this information into the User Data  Frame. Each transport bearer will carry payload from only one Mac-d flow, so in principle there may be room for more advanced coding then just including the DDI and N values as received. This option is though not further explored, since it would limit the number of Mac-d PDU lengths that a Mac-d flow can utilize, and additionally there is not a big potential saving anyway as the DDI length is only 6 bits. It seems reasonable to map the DDI and N (Number of Mac-d PDUs) directly into the Iub/Iur User data frame.

The DDI and N can be repeated several times during one TTI. Theoretically it can be repeated 64 times covering the hypothetical case of only one Mac-d flow using 64 different Mac-d PDU lengths. In practice it will be really limited and it is assumed that providing means to include 16 DDI+N pairs will give sufficient flexibility. A new field indicating the number of DDI+N pairs could be added to the frame format, but since there is a one-to-one relation between the number of DDI+N pairs and the number of Mac-es PDUs received in one TTI, one can use the already existing Number of Mac-es PDUs IE in the data frame. The existing field can be shortened from 5 to 4 bits length.

Updated frame without bundling

An updated frame structure can look like this:
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The reasoning behind the outlined updates are as follows:

Additional Header CRC is needed as described below. 2 bits are taken in the second octet for this reason. SFN is put in this same octet, and room is reserved for FSN (discussed and proposed in Ref [1]). The Number of Mac-es PDU’s IE is shortened to 4 bits as previously discussed and thus fits together with the Number of HARQ Retransmissions IE. The DDI and N IEs are inserted in sequence saving overhead. This is considered adding only minor complexity, and gives several octets savings. E.g. for 8 Mac-es PDUs per TTI, it saves 4 octets to put DDI and N in sequence instead of octet aligned.

The payload is then octet aligned so that each Mac-es PDU uses it’s own unique octets.

Frame bundling

There are many ways to bundle data from different TTIs into one data frame. Here we will present three alternative ways of doing the bundling.

Alternative 1

The simplest way would be to just repeat the frame defined for no bundling the needed number of times, i.e. repeat it once per subframe. This will though generate more overhead than necessary, as outlined in alternative 2 and 3.

Alternative 2

The Node B would in this alternative build the user data frame as data arrives on the Uu. In short the frame would consist of:

· Main header with Header CRC, FT, and Number of SFN fields

· Subheader for the first subframe with Number of Mac-es PDUs, Number of HARQ Retransmissions, DDI and N fields

· Payload for the first subframe

· Subheader for the second subframe

· Payload for the second subframe

· and so on

A drawback of this solution is that it violates the general principle found in 25.427 section 6.1 where header and payload are clearly separated. It is thus more complicated both to build the frame and to receive it, e.g. finding the header information, doing  the CRC check.

The frame can look like this:

[image: image2.wmf]7

0

FT

H CRC

N of SFN

FSN

CFN

1st SFN

Spare

N of Mac-es PDUs

N of HARQ Retr

First DDI

1st N

1st N cont

2nd DDI

Last DDI

Last N

Last N

Padding when needed

First Mac-es PDU of first SFN

Second Mac-es PDU of first SFN

Last Mac-es PDU of first SFN

2nd SFN

Spare

N of Mac-es PDUs

N of HARQ Retr

First DDI

1st N

1st N cont

2nd DDI

Last DDI

Last N

Last N

Padding when needed

First Mac-es PDU of 2nd SFN

Second Mac-es PDU of 2nd SFN

Last Mac-es PDU of 2nd SFN

Last SFN

Spare

N of Mac-es PDUs

N of HARQ Retr

First DDI

1st N

1st N cont

2nd DDI

Last DDI

Last N

Last N

Padding when needed

First Mac-es PDU of last SFN

Second Mac-es PDU of last SFN

Last Mac-es PDU of last SFN

Spare extension

Payload CRC

Payload  CRC cont

Payload  CRC cont 2

Header CRC


Alternative 3

In this alternative the header information from the different subframes (TTIs) are put together into one large header. Then the payload is added in sequence from the different subframes. This is in line with the general principle in 25.427 section 6.1.
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Alternative 3 seems to be the best of the three outlined alternatives. Reasons are that it follows the general principles which neither alternative 1 or 2 does. It saves overhead compared to alternative 1.

Need for more Header and Payload CRC

The header can be longer for E-DCH than currently for DCH. A rough calculation gives for the non-bundling case as outlined in updated frame format above:

· 2 octets for current Header CRC and FT and CFN

· 2 octets for SFN, Number of HARQ Retransmissions, and Number of Mac-es PDUs

· 24 octets (16*(6+6 bits)/8) for DDI and N fields

Totalling 28 octets for the non-bundling case. (For 8 Mac-es PDUs per subframe the total would be 16 octets.)  This is to be compared with the DCH case with up to 3 TFI’s and a resulting header length of 5 octets. It is clear that it is a significant increase, and a first rough estimate gives that 2 additional CRC bits would be needed.

For the bundling case and assuming frame bundling alternative 2 or 3, the calculation is:

· 2 octets for current Header CRC and FT and CFN

· 1 octet for Number of SFN

· 5 octets for Number of HARQ Retransmissions and Number of Mac-es PDUs

· 120 octets (5*16*(6+6 bits)/8) for DDI and N fields

Totalling 128 octets. For 8 Mac-es PDUs per subframe the total would be 68 octets.

For the bundling case it may not be enough with adding 2 CRC bits, but this needs to be further investigated.

For the Payload CRC there are two octets currently defined in the user data frame. These should be enough for the 2 ms TTI case without bundling, since the maximum payload size is smaller than the largest DCH user data frame payload size (Roughly 4Mbps*2ms=8kbits compared to 384kbps*80ms=31kbits). For 10 ms TTI case without bundling, the maximum payload size is just slightly larger than for DCH, and it needs to be further studied if more Payload CRC bits are needed (Roughly 4Mbps*10ms=40kbits compared to 384kbps*80ms=31kbits). This also applies to the bundling case.

Generation of CFN and SFN

The latest version of 25.427 states in section 5.11: “The CFN and Subframe Number IE’s values in the E-DCH Data Frame shall reflect the CFN and subframe number when the payload in the E-DCH Data Frame was received on the Uu.” It should be clarified that by received it is meant that the payload was correctly received, so that the CFN and SFN reflects the CFN and SFN when the HARQ process successfully decoded the payload. It is proposed to change the wording to as follows: “The CFN and Subframe Number IE’s values in the E-DCH Data Frame shall reflect the CFN and subframe number when the payload in the E-DCH Data Frame was correctly received on the Uu.”

Signalling of when to use frame bundling

It is the working assumption the SRNC will signal to the Node B if bundling is to be used or not. It has however not been decided if this will be valid for all connections that the Node B handles (more or less an O&M configuration), or if it should be done per connection. Bundling has a definite impact on the QoS (quality of service), mainly the delay. All other major QoS parameters, like flow priority, HARQ operating point etc, are signalled on a per-connection basis. Therefore it seems reasonable that SRNC signals on a per-connection basis if bundling is to be applied or not. 

Another aspect is the soft handover case. If bundling is configured per Node B, it may happen that the SRNC receives user data frames belonging to the same Mac-es entity with both bundling and non-bundling formats, which is a further complication in the selective combining and reordering procedures. This is avoided by signalling the bundling/no-bundling on a per-connection basis.

4. Proposal

We propose the following:

· RAN3 agrees on the proposed way of transporting DDI and N in the user data frame

· RAN3 agrees on the outlined updated user data frame for the non-bundling case

· RAN3 agrees on the outlined alternative 3 for frame bundling

· RAN3 futher investigates the need for more bits for Header and Payload CRC 

· RAN3 agrees on the proposed clarification on the generation of CFN and SFN

· RAN3 agrees on that signalling is done on a per-connection basis for whether bundling is to be used or not in the user data frame 

· RAN3 agrees on the CR 99 to 25.427 found in Tdoc R3-050098
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