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1 Introduction

The subject of transport block size set definition and TFRI signaling, in particular the extent of flexibility available with the current framework, has been discussed in several contributions [1]-[4]. After discussing the current approach briefly in Section 2, this paper outlines two alternative approaches for restoring flexibility. 

2 Current Approach

In [1], requirements for mapping the TFRI information into transport block sizes were stated as the following:

· Minimize extent of MAC-hs padding

· Signalling should support the physical layer range of data rates and not limit it

· Supported transport block sizes and CQI reporting should be aligned for ease of testing.

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

· 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 overlap shall be identical.

The approach proposed in [1], based on evenly distributing block sizes in the log-domain, was subsequently adopted [5]. A total of 256 block sizes are defined: 64 block sizes are permissible for each choice of channelization codes and modulation. The Channelization Code Space (CCS), modulation and TFRI fields in the HS-SCCH signaling are collectively used to determine the transport block size used in the transmission.  The TB size being used for each combination i of CCS and modulation is obtained using two parameters, 
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 is obtained from a static mapping of the CCS and modulation information (which is signaled in Part I of the HS-SCCH information). ki is signaled explicitly using six bits in Part II of the HS-SCCH information.

The operation of the current scheme is illustrated with an example as follows. Suppose the first transmission to a UE was performed using C=8 codes and QPSK modulation with a transport block of size N= 6101 bits. This corresponds to the case of combination i=7 in Table 9.2.3.1 of [5]. For this case 
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. At the time of retransmission, if C’=6 codes are available and QPSK is to be used, then one would retransmit the same transport block with the parameters 
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. However, if at the time of retransmission only C’=4 codes are available and QPSK is to be used, then 
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, but no valid value of 
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 exists to signal a TB of size 6101 bits because the code rate for the retransmission with 4 codes would exceed 1. 

The current scheme satisfies several of the requirements stated earlier, however, in terms of overlap in supported TB sizes, does not allow full flexibility as witnessed in the example above. In particular, code rates greater than 1 are disallowed even for retransmissions.  Several previous contributions have highlighted this lack of flexibility [2]-[4] and have suggested alternative approaches to fix it. A full overlap between modulation and number of codes is desirable for maximum Node-B scheduling flexibility and simplicity. This allows Node-B to efficiently code multiplex UEs with different resource requirements and different UE capabilities. In the next section we outline two alternative approaches to address this issue. 

3 Alternative Approaches

Two alternative approaches to restoring flexibility with TB size selection are now outlined. 

3.1 Specifying UE Procedure for Retransmissions

Currently, there appears to be no requirement for the UE to verify whether the TB size at the time of retransmission is consistent with the TB size indicated at the time of first transmission. In the example from Section 2, if the retransmission is performed with C’=4 codes and QPSK modulation, then the TB size obtained through the TFRI information, 
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, and CCS, would be incorrect. Assuming that the UE successfully received the HS-SCCH information on the first transmission, the UE could respond in one of two ways to such a retransmission: (a) Send a DTX or NACK based on the combination being invalid and discard the transmission or (b) Ignore the TB size information and use the transmitted coded bits for IR combining with the previous transmission.

If the SCCH information is received correctly at the time of first transmission, then, in principle, the UE does not need the TB size information at the time of retransmission. With the TB size determined originally, and the CCS, modulation and redundancy version at the time of retransmission, the UE can uniquely determine which coded bits have been sent in the retransmission regardless of whether the code rate at retransmission is less than one or not.  Thus, under the assumption that the first SCCH transmission is received correctly, full flexibility at retransmission can be achieved within the current framework, if the UE simply ignores the TB size information at the time of retransmission and proceeds with the assumption that all parameters are valid for retransmissions.

There is one error condition in which the TB will be lost if the UE ignores the TB size information on retransmission. It requires the following events to take place:

a) UE misses SCCH information on first transmission AND

b) Node B interprets the DTX to be a NACK AND

c) For retransmission, Node B selects modulation and number of codes such that the original TB size is outside the valid range for that combination of modulation and codes.

In this situation, the UE will end up with the wrong TB size and will be unable to decode the TB correctly regardless of the number of retransmissions, and, consequently, will end up discarding the TB after the maximum number of retransmissions. There are two important points to be noted with regard to the occurrence of this error condition: (i) it is a low probability event because it requires the simultaneous occurrence of events a), b) and c) from above and, (ii) the parameters for retransmission are completely at the control of the Node B.  It can statically or dynamically determine whether a retransmission with codes/modulation outside of the “valid” set with the used TB size should be allowed or not. We remark that if, at the time of retransmission, the Node-B always uses a TFRI and CCS+modulation combination that is consistent with the first transmission, the error event above can never occur, and the UE is able to obtain the TB size even if it misses the SCCH for the first transmission. Therefore, the currently understood mode of operation wherein retransmissions must conform to codes/modulation where the TB size is “valid” is fully possible and, at the other extreme, fully flexible retransmissions are also possible. To introduce this flexibility the only change necessary is to state that the UE shall ignore TB size information for retransmissions.

To summarize this approach, the error condition outlined above can occur if full flexibility in MCS selection is to be had. However, that this error condition has a very low probability of occurrence and can be eliminated entirely at the expense of reduced flexibility in MCS selection. Thus, with this approach, the issue of flexibility during MCS selection becomes a matter of Node-B implementation.
3.2 Independent CCS and TFRI 

While the approach of Section 3.1 provides a lot more flexibility than currently available, it does suffer from the one error condition when the UE misses the SCCH for the first transmission, this event goes undetected by the Node B, and Node B selects modulation and number of codes such that the original TB size is outside the valid range for that combination of modulation and codes.  In order to provide full flexibility without the error condition of Section 3.1  the linkage between the CCS+modulation information and the TB size needs to be broken. The current design has a large enough number of TB sizes defined and has been shown to be very efficient in terms of padding. Therefore, the simplest way forward is to increase the TFRI field on the SCCH to 8 bits instead of the current value of 6 bits and use the same 256 TB sizes currently available. The TFRI field then explicitly carries the TB size for the current transmission and becomes independent of the CCS information. Therefore, any TB size from the current set of 256 entries may be selected for any number of channelization codes and modulation.

The ramifications of this change are quite minor:

a) The 2 extra bits on the SCCH would increase the transmit power very slightly (in particular, see [6], where it is shown that 3 additional bits in Part II require only 0.15dB per bit additional power in the 120km/hr fading case and a smaller amount for the AWGN case).

b) The existing formula for determination of TB size in [5] is modified in a simple way. Currently, the “offset” value k0,i  (which takes a discrete set of values ranging from minimum of 1 to a maximum value of 192) is derived from the CCS+modulation information and the value ki  (64 values) is derived from the signaled TFRI information. Instead of this two step process, the value k0,i+ki (256 values) is signaled in an 8-bit field (instead of the current 6-bit field)  and is used directly in the formula for deriving the TB size as outlined in [5].

c) The rate-matched bits for Part II of the HS-SCCH will have to be derived as additional puncturing of 6 coded bits will be needed.

This approach meets all the requirements for TB size set definition outlined in [1] and is superior to the current method in terms of the scheduler flexibility, efficiency and simplicity. It also simplifies UE operation.

4 Conclusion and Recommendation

Two alternative approaches to overcoming the lack of full flexibility in TB size selection are outlined. The first method simply requires that the UE ignore TB size information on retransmission. This gives the Node B full control on how to select parameters for retransmission and no additional bits for signaling on SCCH are needed. A second approach, which makes the TB size independent of the CCS+modulation information, is also outlined. This approach has all the merits of the current approach, but is superior in that the scheduler is fully flexible, more efficient and simpler to implement. The second approach can be accommodated into the current framework by retaining the currently defined set of 256 TB sizes and adding 2 extra bits in the TFRI field of the SCCH. 

The second approach is clearly a better solution because it allows full flexibility for MCS selection at Node-B without resulting in any error conditions. The extra power required to transmit the two additional bits for the HS-SCCH is negligible. But, the new rate matched bits for SCCH will have to be determined in that case. The first approach, on the other hand, leaves the SCCH as is. As was pointed out earlier, the error condition outlined in Section 3.1 can occur if full flexibility in MCS selection is to be had in this approach. Recall that this error condition has a very low probability of occurrence and can be eliminated at the expense of reduced flexibility in MCS selection. Thus, with this approach, the issue of flexibility during MCS selection becomes a matter of Node-B implementation.
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