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1. Introduction

RAN1, RAN2, and RAN3 have all agreed that the transport block sizes should be statically defined rather than being configurable. However, the details on the definitions of transport block sizes are yet to be defined. In this contribution, a simple and efficient principle for mapping the TFRI information on the HS-SCCH to the transport block size is proposed. 

At the RAN1#25 meeting, RAN1 received an LS from RAN2 [1] asking for RAN1’s opinion on an initially proposed TFRI formula. RAN1 provided their opinion on general aspects on this issue in [2] and stated that a discussion on the RAN1 reflector was to be held to resolve the details. These discussions resulted in three different proposals, the scheme proposed in this paper and two alternative proposals [3, 4]. At the RAN1#26 meeting all three schemes were presented but not concluded, basically leaving the decision on the HS-DSCH Transport block sizes now to RAN2. 

Note that this contribution is a resubmission of Tdoc R2-020985, which could not be presented at RAN2#29 due to lack of time. Section 4 has been added, providing a comparison with the alternative proposals [3, 4]. The proposed draft CR annexed to this paper has not been changed.

2. Requirements on supported transport block sizes

The mapping of TFRI information to transport block sizes should fulfill the following requirements:

· There should be an overlap in the range of supported transport block sizes between different number of channelization codes and modulation schemes to enable retransmission using a different channelization code set and modulation scheme than the original transmission. Between any two combinations of modulation scheme and number of channelization codes, the transport block sizes supported by the two combinations in the range of the overlap shall be identical.

· The amount of MAC-hs padding required should be kept low.

· The signaling should support the physical layer range of data rates and not limit, e.g., the use of the full range of channel coding rates.

· The supported transport block sizes and the CQI reporting, which is based on recommending certain transport block sizes, should be aligned to ease testing.

· The maximum transport block size supported according to the UE capabilities and the supported transport block sizes should be aligned.

3. Proposed mapping from TFRI to transport block size

The underlying idea for the proposed scheme is to define d supported transport block sizes covering the full range of possible transport block sizes in the range Lmin to Lmax. For each of the 30 combinations of modulation scheme and number of channelization codes, a contiguous subset of 26=64 monotonically increasing transport block sizes are selected from the overall set of d transport block sizes. This allows that, whenever there is an overlap in transport block size range between two modulation schemes and number of channelization codes, identical transport block sizes are used for both combinations. Furthermore, if the d supported transport block sizes are evenly distributed in the log domain instead of the linear domain, the relative worst case MAC-hs padding is kept constant. The principle is illustrated in Figure 1.
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Figure 1: Principal illustration of the transport block sizes supported for two different combinations of modulation schemes and number of channelization codes.
The set of supported transport block sizes can be generated in several different ways. One possibility is to pre-compute these values and store them in a table.  The d table entries range from L0 to Ld-1 and are evenly distributed in the log domain. The transport block size Lk,i for a given transmission is then obtained as the table entry at position 
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 is given by the combination of modulation scheme and the number of channelization codes and 
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 is given by the 6 bits signaling on the HS-SCCH. With d=256, the worst case padding is approximately 2% and the table is of reasonable size with 256 different entries.

Another possibility, resulting in identical transport block sizes as the table above but using an expression instead, is to compute the transport block sizes as
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where p is a constant (actually, p-1 is the amount of maximum relative MAC-hs padding). With this approach, there is no need to store a predefined table of d transport block sizes. The values 
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can be stored in a small table with 30 entries (or computed online). To support small transport block sizes, the region of transport block sizes below the smallest transport block size supported with one code and QPSK modulation can be treated separately. A simple approach is to divide this region linearly into supported transport block sizes. A detailed description on how to calculate the transport block sizes using this approach is found in Section 2.

Based on the general principles and the expression above, the transport block sizes in Figure are obtained using Table. From the tables and figures, some observations can be made:

· For any region where there is overlap between two different modulation schemes and/or number of channelization codes, the transport block sizes supported in this region are identical for both the combinations.

· The relative amount of padding is never larger than 1.8% (except for very small transport block sizes) and in most cases lower than this.

· Code rates in the range of 1/3 to 1 are supported for all combinations of modulation schemes and number of channelization codes. This allows both high peak rates to be used in good channel conditions and low coding rates to be used in less good channel conditions. For the single code case, a code rate of approximately 0.14 is supported, which can be used in bad channel conditions or to support transport block sizes down to 137 bits. From a performance point of view there is no reason of supporting code rates below 1/3 for cases using more than 1 channelization code as the same effect can be achieved by using a smaller amount of codes and increase the transmit power on the codes used.

· Alignment with the CQI reporting is easily obtained by slight changes in the transport block sizes used in the CQI reporting. Note that the necessary change in the number of bits in the CQI reports is very small. Typically, it is in the order of 0.02 dB with a worst case value of 0.074 dB.

· Alignment with the UE categories are easily obtained by slight adjustments to the UE category values. For example, the current maximum values of 7300, 14600, 20432, and 28776 can be changed to 7298, 14671, 20251, and 28457, respectively. In all cases, the adjustments are in the order of 1% or less.

4. Discussion of alternative proposals

Proposal by Lucent

The alternative proposal by Lucent [3] is very similar with the one described here. In [3] it is suggested to restrict the number of transport block sizes to only 64 values in order to make all TB sizes available to any combination of modulation scheme and channelization code number. This is to avoid the dependency of the block size encoding from the number of channelization codes and modulation scheme.

The TB-size table proposed by Lucent can be expressed as 
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, Lmax = 28776 and Lmin = 296,

and the function “round” refers to “nearest integer”. We note that the worst-case padding overhead amounts to (p – 1) = 0.0754 (i.e. 7.54 %). This is more than 4 times the overhead achieved with the method suggested in Section 3.

The difference between the two proposals is simply the number of available TB sizes. This reduces the potential memory requirement when storing the TB sizes in a table, but it has the drawback of significantly higher padding overhead.

The gain of having all formats available to all combinations of channelization code numbers and modulation scheme should be seen as rather marginal. Whatever the setting of  number of TB sizes is, it is clear that a specific TB size can be reasonable only for a selected number of combinations of channelization code numbers and modulation scheme. If a certain TB size is reasonable or not must be juged in terms of  the  minimum and maximum desired coding rates.  

Using coding rates larger than 1 (i.e. a TB size larger than the number of HS-PDSCH channel bits) is very obviously unreasonable for every initial transmission. There might be some small gain when using it for retransmissions with incremental redundancy. However we believe that, if any, this gain will be rather small. 

Using coding rates much smaller than 1/3, i.e. the rate of the turbo mother code, also does not make sense (except when applied for a single HS-PDSCH code).  When using lower code rates simply  repetition coding is applied which does not provide any gain in terms of power efficiency, i.e. while requiring the same amount of total power,  more than necessary HS-PDSCH codes are consumed.     

Proposal by Qualcomm:

The proposal by Qualcomm [4] attempts to define a set of transport block sizes which match with expected typical MAC-hs PDU sizes. The size of a MAC-hs PDU before padding can be expressed as follows:
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with following parameters:

Lhead = Size of  the base MAC-hs header, 21 bits

M = Number of different MAC-d PDU sizes included in the MAC-hs PDU

Lexthead = Size of the extension MAC-hs header, 11 bits, required for each block size  M > 1

LmRLC = RLC PDU size

LmMAC-d-head = size of MAC-d header (0 or 4 bits depending whether or not MAC-d multiplexing is applied)

nm = the number of MAC-d PDUs of size index m included in the MAC-hs PDU.

Thus, the MAC-hs PDU size is a linear function of the constants Lhead, Lexthead , the configured MAC-d PDU sizes LmRLC + LmMAC-d-head , and the variables nm and M (which may change dynamically for every transmission). The permitted values for the variable(s) nm determines the granularity of the user data rate.

For an individual UE, the total number of applicable TB sizes could be restricted to a rather small number, e.g. to a number not larger than 64. However, it is hard to imagine that limiting the total number of static TB sizes to a value as low as 64 could be sufficient, when trying to match the TB size with all or at least the most frequently occurring MAC-hs PDU sizes. This is because the potential variation of RLC PDU sizes for all users will be much larger than for one individual user. 

From the discussion in Section 3 above it is clear that when aiming to employ a small fixed number of static TB sizes the applicable range yielding the desired minimum and maximum data rates should be divided linearly in the logarithmic domain which results in a set of exponentially increasing TB sizes. 

The awkward situation is that the linearly increasing MAC-hs PDU sizes (before padding) need to be matched with these exponentially increasing TB sizes. 

The proposal [4] can be interpreted as a scheme where the exponential function of Section 3 
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The parameters Kj define the boundaries of the J segments, where K0 = 0, and KJ is the total number of different TB sizes 
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. The minimum TB size is given as L0 = b1 = Lmin. The parameters aj,  j = 1,…, J define the constant TB size increment within each segment. In order to achieve an overall exponential increase of TB size, the parameters aj must be increased in an exponential way. For computational simplicity [4] proposes to  define  the smallest TB size increment as a power of 2, i.e. 
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With this approach the total number of TB sizes, KJ, actually  results from the choice of a1  and the desired maximum Lmax. 

In [4] two examples are analysed where the most simplest case of MAC-hs PDU, M = 0, is assumed. In the first example a1 = 64 (resulting in KJ = 55), in the second example a1 = 32 (resulting in KJ = 110) are used.

In this case it is possible to achieve a perfect match, for certain numbers nm in above formula (not for all however), between MAC-hs PDU (before padding) and the TB size if the RLC PDU size  is defined as a multiple of  the parameter a1 . Note that due to the setting 
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 perfect matching of  MAC-hs PDU sizes is only possible if the MAC-d PDU size  (i.e. LmRLC +LmMAC-d-head) is configured as a power of 2. This is not the case for the present reference radio bearers, where RLC PDU sizes typically are defined as multiples of 320 bits.

As a result, the gain achieved for some specific block sizes is traded off with a potentially huge amount of relative padding overhead if  the necessary requirements are not met. For instance with a1 = 64 up to 34% worst case padding overhead for small TB sizes, and around 8% worst case padding overhead for large TB sizes may occur. Therefore, as has been stated in [4] the proposed scheme actually would be suitable only when at least a few of the parameters of the TB size formula are UE individually configurable (e.g. the parameters a1 and b1). However, in this case the gain of using static TB sizes is entirely lost. This could mean for instance that a reconfiguration of TB sizes may be required at each handover.  

It should furthermore be noted that the linear formula employed for the calculation of TB size actually does not gain very much in terms of implementation complexity. 

When using the formula proposed in Section 3, the 256 TB sizes could be precalculated and stored in a table  just when the UE is configured for HS-DSCH. Then TB size identification from the received TFRI can be implemented as a very simple table-lookup function. Even when using the linear TB size definition formula, the fastest and therefore most likely preferred implementation would also employ table-lookup.

5. Conclusion

A simple method for mapping the TFRI to HS-DSCH transport block sizes has been proposed. It is recommended that this scheme is adopted and included in the relevant specifications. 
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7.
 Appendix: Proposed transport block sizes

The set of transport block sizes L for channelization code set and modulation scheme combination i in the figures below was generated according to:

If  i = 0 and ki < 39
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where ki is the 6 bit transport block size index signaled on the HS-SCCH. Note that the if statement above is true only for a single channelization code using QPSK modulation. The value of p above corresponds to a worst-case padding of approximately 1.8%.

	Combination i
	Modulation scheme
	Number of channelization codes
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	11
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	14
	150

	14
	
	15
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	15
	16QAM
	1
	40

	16
	
	2
	79

	17
	
	3
	102

	18
	
	4
	118

	19
	
	5
	131

	20
	
	6
	141

	21
	
	7
	150

	22
	
	8
	157

	23
	
	9
	164

	24
	
	10
	169

	25
	
	11
	175

	26
	
	12
	180

	27
	
	13
	184

	28
	
	14
	188

	29
	
	15
	192


Table 1: The values of k0,i for different numbers of channelization codes and modulation schemes. The values of 
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were selected such that the maximum transport block size for a given combination of channelization codes and modulation scheme plus the 24 bit CRC is as close as possible to (but not exceeding) the maximum number of channel bits for the given combination of modulation scheme and channelization code set, i.e.,  
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Figure 2: Illustration of transport block sizes. Blue dots indicate QPSK and green dots 16QAM. The red circles denotes the current assumption on the transport block sizes used for CQI reporting before alignment with the transport block sizes.
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8
Elements for layer-to-layer communication

The interaction between the MAC layer and other layers are described in terms of primitives where the primitives represent the logical exchange of information and control between the MAC layer and other layers. The primitives shall not specify or constrain implementations. The MAC is connected to layer 1, RLC and RRC. The following subclauses describe the primitives between these layers.

8.1
Primitives between layers 1 and 2

8.1.1
Primitives

The primitives are described in [3].
8.1.2 Parameters
a) Transport Format Resource Indicator (TFRI) for HS-DSCH
-
For HS-DSCH the Transport Block size is derived from the TFRI value signalled on the HS-SCCH. The mapping between TFRI value and Transport Block size is specified in subclause 9.2.3.
8.2
Primitives between MAC and RLC

8.2.1
Primitives

The primitives between MAC layer and RLC layer are shown in table 8.2.1.1.

Table 8.2.1.1: Primitives between MAC layer and RLC layer

	Generic Name
	Parameter

	
	Request
	Indication
	Response
	Confirm

	MAC-DATA
	Data, BO, UE-ID type indicator, RLC Entity Info
	Data, No_TB,

TD (note), Error indication
	
	

	MAC-STATUS
	
	No_PDU, PDU_Size, TX status
	BO,

RLC Entity Info
	

	NOTE:
TDD only.


MAC-DATA-Req/Ind:

-
MAC-DATA-Req primitive is used to request that an upper layer PDU be sent using the procedures for the information transfer service;

-
MAC-DATA-Ind primitive indicates the arrival of upper layer PDUs received within one transmission time interval by means of the information transfer service.

MAC-STATUS-Ind/Resp:

-
MAC-STATUS-Ind primitive indicates to RLC for each logical channel the rate at which it may transfer data to MAC. Parameters are the number of PDUs that can be transferred in each transmission time interval and the PDU size; it is possible that MAC would use this primitive to indicate that it expects the current buffer occupancy of the addressed logical channel in order to provide for optimised TFC selection on transport channels with long transmission time interval. At the UE, MAC-STATUS-Ind primitive is also used to indicate from MAC to RLC that MAC has requested data transmission by PHY (i.e. PHY-DATA-REQ has been submitted, see Fig. 11.2.2.1), or that transmission of an RLC PDU on RACH or CPCH has failed due to exceeded preamble ramping cycle counter.
-
MAC-STATUS-Resp primitive enables RLC to acknowledge a MAC-STATUS-Ind. It is possible that RLC would use this primitive to indicate that it has nothing to send or that it is in a suspended state or to indicate the current buffer occupancy to MAC.

8.2.2
Parameters

a)
Data:

-
it contains the RLC layer messages (RLC-PDU) to be transmitted, or the RLC layer messages that have been received by the MAC sub-layer.

b)
Number of transmitted transport blocks (No_TB) :

-
indicates the number of transport blocks transmitted by the peer entity within the transmission time interval, based on the TFI value.

c)
Buffer Occupancy (BO):

-
the parameter Buffer Occupancy (BO) indicates for each logical channel the amount of data in number of bytes that is available for transmission and retransmission in RLC layer. When MAC is connected to an AM RLC entity, control PDUs to be transmitted and RLC PDUs outside the RLC Tx window shall also be included in the BO. RLC PDUs that have been transmitted but not negatively acknowledged by the peer entity shall not be included in the BO.

d)
RX Timing Deviation (TD), TDD only:

-
it contains the RX Timing Deviation as measured by the physical layer for the physical resources carrying the data of the Message Unit. This parameter is optional and only for Indication. It is needed for the transfer of the RX Timing Deviation measurement of RACH transmissions carrying CCCH data to RRC.

e)
Number of PDU (No_PDU):

-
specifies the number of PDUs that the RLC is permitted to transfer to MAC within a transmission time interval.

f)
PDU Size (PDU_Size):

-
specifies the size of PDU that can be transferred to MAC within a transmission time interval.

g)
UE-ID Type Indicator:

-
indicates the UE-ID type to be included in MAC for a DCCH and DTCH when they are mapped onto a common transport channel (i.e. FACH, RACH, DSCH in FDD or CPCH). On the UE side UE-ID Type Indicator shall always be set to C-RNTI.
h)
TX status:

-
when set to value "transmission unsuccessful" this parameter indicates to RLC that transmission of an RLC PDU failed in the previous Transmission Time Interval, when set to value "transmission successful" this parameter indicates to RLC that the requested RLC PDU(s) has been submitted for transmission by the physical layer.
i)
RLC Entity Info
-
indicates to MAC the configuration parameters that are critical to TFC selection depending on its mode and the amount of data that could be transmitted at the next TTI. This primitive is meant to insure that MAC can perform TFC selection (see subclause 11.4).

j)
Error indication

-
When a MAC SDU is delivered to upper layer, an error indication is given for the SDU to upper layer if an error indication for the SDU has been received from lower layer.

9.2.3
Signalling of Transport Block size for HS-DSCH

For HS-DSCH the transport block size is derived from the TFRI value signalled on the HS-SCCH. The mapping between the TFRI value and the transport block size is specified below:
For each combination of channelization code set and modulation scheme i = 0..31, a set of  ki = 0..63 transport block sizes L(i, ki ) is given by:

If  i = 0 and ki < 39
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Note that the if statement above is true only for a single channelization code using QPSK modulation. The index ki of the transport block size L(i, ki ) corresponds to the 6 bit transport block size index signaled on the HS-SCCH. The index i corresponds to the combination of channelization code set and modulation scheme as defined in Table 9.2.3.1. 
Table 9.2.3.1: Values of k0,i for different numbers of channelization codes and modulation schemes

	Combination i
	Modulation scheme
	Number of channelization codes
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