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1 Introduction

This contribution points out inefficiencies of the current restrictions in possible transport block sizes made in 25.331 [1], and proposes a modified approach, that aims at minimising overhead still considering ease of implementation. Detailed CRs are provided separately [4] (e66) [5] (e83).  This contribution covers the FDD mode.

2 Problems with current restrictions in transport block sizes

For signalling efficiency reasons the 1-bit granularity of transport block sizes is not valid in the whole range, but only up to 128 bits. The reason for putting these restrictions in RRC is to save bits in the RRC message. The possible sizes are now 1,2,3...128, 160..40..2040, 2120..80..5000.

The following inefficiencies of the current solution are identified:

Payload Units on RLC
The lengths of the RLC PDUs are governed by the Payload Unit concept, where an RLC PDU contains a number of PUs and an RLC header. The PUs are of fixed length and octet aligned. The RLC header is different for Unacknowledged Mode (UM) and Acknowledged Mode (AM). For UM RLC the header is 8 bits, and for AM RLC the header is 16 bits. 

Considering the impact of the MAC header that will change on common channels, e.g. depending on whether 16 or 32 bit UE id is used, and the length of the variable C/T field, it seems not possible to put different numbers of PUs into the PDUs and still match the possible TB sizes if the granularity is 40 or 80 bits. 

Circuit Switched data service
It is not possible to provide transmission of CS RLP frames of size of 576 bits in RLC transparent mode. 
Ciphering
The ciphering algorithm generates 64 bit sequences that are to be XORed with the user data during the ciphering operation. If block lengths are not 64 bit aligned, this will cause sub-optimal implementation as part of the generated ciphering sequence is left unused. 

3 Update proposal

The following general aspects need to be considered when selecting block sizes:

· The overhead caused in each block due to restrictions set on block sizes should be minimised.

· Overhead caused by excessive signalling should be minimised. The transport block size has to be signalled for each transport format in the transport format set of a transport channel. 

· Most microprocessors are based on an 8, 16 or 32 bit architecture. This should be considered when selecting block sizes at all levels, to ease implementation.

· The ciphering algorithm generates 64 bit sequences that are to be XORed with the user data during the ciphering operation. Having block lengths that are aligned with this length will enable more efficient implementation.

Block size restrictions need to be considered separately for dedicated and common transport channel type. 

3.1 DCH

The only MAC header for dedicated transport channels is the C/T field, which is used only when multiple logical channels are carried on the same transport channel. According to 25.321 the size of the C/T field of the MAC header for a dedicated channel is variable, and is only exemplified with a size of 4 bits. Allowing for different sizes of the C/T field would require a large value range for the RRC IE defining the transport block size. As already mentioned this needs to be signalled for each and every transport format of all transport channels. In order to avoid too much signaling overhead we propose that the C/T field for DCH should be fixed. Given a fixed size C/T field the MAC header size can only take two values, either 0 bits or the size of C/T, depending on whether MAC multiplexing is used or not. 

In order too save even more bits in the RRC signalling we propose that the transport block size IE shall be replaced by an IE defining the RLC PDU (=MAC SDU) length instead of the transport block (=MAC PDU) length. The actual transport block size is implicitly known from the RLC PDU size and whether MAC multiplexing is used or not. That is:

TB size = RLC PDU size + MAC header size (where MAC header size is either 0 or the size of C/T)

This is also advantageous if logical channels are added to an existing transport channel, since then it is not necessary to signal all the transport format block sizes again with the MAC header included.

It can be noted that the suitable granularity of transport block sizes is dependent on the RLC mode used. For instance,  AM and UM RLC PDUs are always octet aligned whereas for transparent mode RLC there are cases where the PDUs are bit aligned, e.g. for AMR. Instead of having one transport block size IE covering all the transport block sizes needed for all RLC modes, we propose to have separate IEs per RLC mode. That is, given a certain RLC mode there is a corresponding IE defining the RLC PDU size (from which the TB size can be calculated) with a suitable value range. By using RLC mode specific IEs for the  PDU sizes even more bits can be saved in the RRC signalling.    

In the following sub-sections the proposed value ranges for RLC PDU sizes and the proposed size of the MAC C/T field are given. 

3.1.1 Transparent Mode RLC

The following range is proposed for transparent mode RLC PDU sizes:

1..128 bits, 

1 bit granularity

136 .. 256 bits,

8 bit granularity

272 .. 1024 bits, 

16 bit granularity

1088 .. 5000 bits, 
64 bit granularity

This gives a total of 255 different lengths for the RLC PDU, which requires 8 bits in the RRC signalling message. The 1 bit granularity up to 128 bits is required e.g. to support transport of AMR frames. The 8 bit granularity up to 256 bits is required to support e.g. future IP based low bit rate real time services efficiently, which are assumed to be octet aligned. The granularity increase as the RLC PDU size increases is chosen such that overhead from eventual adaptation to these sizes introduces a maximum of ~5 % overhead. TM RLC segmentation can also be used to adapt SDU sizes to this limited set of RLC PDU sizes.

3.1.2 Acknowledged Mode RLC

In order to support the Payload Unit (PU) concept where one RLC PDU contains one RLC header and a number of fixed size RLC PUs, the current solution for transport block size signalling must be changed. 

The following range is proposed for acknowledged mode RLC PDU sizes:

24 .. 272 bits, 

8 bit granularity

304 .. 1040 bits, 

32 bit granularity

1104 .. 5000 bits,

64 bit granularity

This gives a total of 119 different lengths for the RLC PDU size, which requires 7 bits in the RRC signalling message.

The selected values are based on the following:

· RLC AM header size of 16 bits 

· Octet aligned RLC PDUs

· 64 bits ciphering algorithm sequence 

3.1.3 Unacknowledged mode RLC

The following range is proposed for unacknowledged mode RLC PDU sizes:

16 .. 264 bits, 

8 bit granularity 

296 .. 1032 bits,
 
32 bit granularity

1096 .. 5000 bits, 
64 bit granularity

This gives total of 119 different lengths for the RLC payload, which requires 7 bits in the RRC signalling message.

 The selected values are based on the following:

· RLC UM header size of 8 bits 

· Octet aligned RLC PDUs

· 64 bits ciphering algorithm sequence

3.1.4 Size of MAC header

To maintain the octet alignment of the transport blocks for UM and AM RLC, we propose that the C/T field for DCH should be fixed to 8 bits. Thus the MAC header on DCH will be either 8 or 0 bits long depending on whether MAC multiplexing is used or not.

3.2 Common transport channels

The MAC header of one particular common transport channel can have a number of different lengths depending on logical channel type and the UE id used. In addition, RLC UM and AM data will have to be mapped onto the same transport channel. Besides from the requirement saving number of bits in the RRC signalling defining the transport formats, it is also necessary to limit the required amount of TFCs (and thus the number of TFCI values) for each particular common transport channel configuration. It is not suitable to (as proposed for DCH) signal the RLC PDU sizes instead of the TB sizes as each RLC PDU size would yield several TB sizes, depending on MAC header size. Too many TB sizes for one particular configuration might require more TFCs than what the TFCI field can cater for, and should therefore be avoided. Therefore, for common transport channels it is proposed that RRC shall signal the explicit TB size when defining a transport format. However, the current value range needs to be changed.

The MAC headers for RACH/FACH are currently defined as follows: 

UE identity:
16 or 32 bits for C-RNTI and U-RNTI respectively (only used for DCCH/DTCH)

UE id type:
2 bits (only used for DCCH/DTCH)

TCTF (UL):
2 bits

TCTF (DL):
3 bits

C/T:

variable (only used for DCCH/DTCH)

The C/T field needs to be fixed for the same reason as for DCH, i.e. to limit the number of TB sizes. In addition it should preferably be set to a value resulting in octet alignment on transport block lengths. Defining UL C/T field length to 4 bits provides support for 16 logical channels per UE, and ensures octet alignment on transport block level. In the downlink, a 3 bit C/T would give octet alignment. However, 3 bit C/T only provides support for 8 logical channels per UE, which might not be enough. Therefore, it is proposed to change the length of the TCTF field for the DL for FDD. There are 3 bits reserved for this field, although only 4 combinations are used for the FFD DL. The rest are left for future use. It is therefore proposed here to change the DL TCTF field to 2 bits for the FDD mode. This will give a 4 bit C/T field in both UL and DL and also octet aligned MAC header and transport blocks. Because the future use values from the TCTF field are removed, one value from the C/T field should be reserved for future use.

For BCCH, CCCH and CTCH mapped onto FACH and for CCCH mapped onto FACH or RACH, the MAC header only consists of the TCTF field. For CCCH and possibly also for CTCH it is assumed that RLC UM will be used. As RLC UM uses octet alignment, and in order to be able to use the same TB sizes as for DCCH/DTCH, it is proposed to use an entire octet for the TCTF on CCCH mapped to FACH. For CTCH, it is proposed to use a 2 bits TCTF. However, that should be reconsidered if it is decided to use RLC UM for CTCH.   

To support seamless channel switching for RLC AM, there needs to be transport block sizes on common transport channels that are based on the RLC AM PDU sizes for DCH. The difference to DCH is that the value range also needs to include transport block sizes for the different sizes of MAC header. Furthermore, it needs to be ensured that the transport block size value range is well suited for RLC UM and TM, e.g. for BCCH, PCCH, CTCH and CCCH. 

It can be noted that e.g. a MAC header with U-RNTI might not need to be supported for the entire range of transport block sizes. For instance, the U-RNTI is only used on DCCH and is probably not useful for the largest transport block sizes. That is, it should be possible to further limit the value range of the transport block sizes. 

We have not yet studied the exact value range of transport block sizes for common channels, and would therefore like to come back on that issue.    

4 Proposal

For DCH it is proposed:

· RLC PDU size is signalled instead of TB size when defining a transport format. The proposed value ranges are different per RLC mode.

· The MAC header C/T field is either 0 or 8 bits long depending on if MAC multiplexing is used or not.

For common transport channels it is proposed:

· Explicit TB sizes shall be signalled by RRC. Exact value range is TBD, but needs to be different from the one specified currently in 25.331.

· The TCTF field is 2 bits long on RACH/FACH, except for CCCH mapped on FACH where the TCTF field is 8 bits long.

· The C/T field on DCCH/DTCH is always present and is 4 bits long.  

It is proposed that applicable parts of 25.331 [1] and 25.321 [3] are updated according to detailed CRs provided separately in [4]
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