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1. Introduction

In HSDPA, one HARQ process serves one transport block set (TBS) for a given HSDPA TTI. If re-transmission is required the current Standard dictates that the same TBS shall be applied.

During the initial transmission, the transport block size of a TrCH will be selected, based on the reported channel quality as well as resource issues

For example, if the given channel condition is excellent (very high CQI reported by the UE), for a given number of HS-PDSCHs, the maximum TB size allowed by the UE may be chosen using 16 QAM modulation and a high code rate (like ¾ code rate) so that the maximum data rate for the UE can be provided. 

However there will be occurrences of the case where the actual channel condition for a given HSDPA TTI is significantly poorer than the reported CQI (channel conditions changed, since the UE measured the value).

Based on the constraints of the existing H-ARQ protocols, the Node B will be forced to retransmit the same TBS, continuing to fail until the time-out threshold. If transmission of the TBS fails within the MAC-hs retransmission limit data recovery by higher layers (RLC) severally degrades Quality of Service. Any frequency of this event in normal operation will be unacceptable for system performance.

From a physical layer perspective, a corrective action would be to resegment the original transport block to a set of smaller blocks, each then being suitable for transmission and reception in the poorer environment.

References [1] and [2] introduced the need for a for MAC-hs segmentation mechanism into WG2, but did not lead to a conclusion.

This contribution provides simulation results to more quantitatively illustrate the effect.  If WG1 judges that this problem is a real concern, then it is proposed that WG1 inform WG2 of this concern, inviting WG2 to consider modifications to the protocol to support resegmentation.

2. Summary of Results

We simulated the case where, very high CQI was reported, consistent the largest TSB, but then the SIR dropped to 10.5 dB.

It can be seen that, after 4 transmissions, initial plus 3 repeats, there is 8 % probability of failure.  It would take 8 total transmissions to achieve 1% probability of failure.  If we assume a 4 transmission limit, this represents 8% probability of packet error.

If the transport block is halved, each half will be successful with 1 % probability of failure after 3 transmissions. Since there are now two halves to the original transport block, this is equivalent to a total of 6 transmissions.  However, the probability is negligible that either packet exceeds the 4 transmission limit
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3. Simulation Details

This section presents simulation results for analysis of resegmentation in MAC-hs. 

3.1. Assumptions
The simulation assumptions are listed in Table 1.

Table 1. Simulation assumptions

	Information data type
	Constant information data rate

	Transmit diversity/receiver antenna diversity
	Off

	HARQ process
	On but fixed transport block size and fixed modulation scheme

	HARQ type
	Chase combining 

	# of HARQ processes
	6 HARQ processes, but performance measurement is done with one of them.


	Maximum # of retransmissions
	4 or 8

	Modulation type
	16 QAM

	Propagation channel model
	Static channel, WG4 Case 1, 2 and 3, one path Rayleigh fading channel

	Receiver type
	Rake receiver

	Turbo decoding
	Sub-optimal (Max-Log MAP) decoding with 4 iterations

	HS-DSCH packet loss probability due to HS-SCCH
	0 %

	UE CQI
	Off

	ACK/NACK signaling
	Error free in detecting ACK/NACK acknowledgement

	Performance metric
	BLER at the UE


In addition, resegmentation is implemented by segmenting the original transport block set into two sub-transport block sets, each block size equal to half of the original.

3.2. Simulation Results

Here we have performed simulations for two UE categories from the FDD HS-DSCH physical layer categories, which are specified in [2]. One is the UE category 6, which is defined with maximum 5 HS-PDSCH codes, maximum 7300 bits of an HS-DSCH transport block within an HSDPA TTI, and total 67200 soft channel bits. The other is the UE category 8, which is defined with maximum 10 HS-PDSCH codes, maximum 14600 bits of an HS-DSCH transport block within an HSDPA TTI, and total 134400 soft channel bits. For resegmentation, an HS-DSCH transport block of 7300 bits is segmented into two sub-transport blocks each being 3650 bits long. The same number of HS-PDSCH codes as for the original 7300 bit transport block (e.g., 5 codes) is allocated also for the individual (re)segmented blocks. Accordingly, the code rate of the original 7300 bit transport block is 0.76, the (re)segmented 3650 transport block has a code rate of 0.38. Similarly, an HS-DSCH transport block of 14600 bits is segmented two 7300 bit sub-transport blocks, each having 10 HS-PDSCH codes.  

Figure 1. shows the BLER performance under WG4 Case 1 channels with respect to the number of (re) transmissions, for the 7300 bit transport block and segmented 3650 bit transport block using 16 QAM and Chase combining. Notice that the number of (re)transmissions being equal to one corresponds to one transmission, the initial transmission, of an HS-DSCH transport block For the 7300 bit transport blocks we set SIR to 10 and 16 dB, respectively, while for the 3650 bit transport blocks the SIR value of 4 dB and 10 dB, respectively, is considered. As seen in Figure 1, the BLER performance of the 7300 bit transport block with 10 and 16 dB of SIR, respectively, is close to that of the 3650 bit transport block with 4 and 10 dB of SIR, respectively. That is, for a given number of physical resources (channelization codes), in order to achieve a given BLER, the resegmented transport block requires 6 dB in SIR less than the original transport block over WG4 Case 1 channel. This may imply that resegmentation provides about 3 dB gain over non-resegmentation for high code rates, taking into account the fact that resegmentation requires twice the number of transmissions than non-resegmentation to deliver the same number of information data bits.

Using the same simulation configuration as in Figure 1, Figure 2. shows the performance advantage with resegmentation, as compare to non-resegmentation, in terms of the number of (re)transmissions for a given SIR. Bearing in mind the fact of twice the number of transmissions with resegmentation as indicated above, to achieve 1% BLER for a given SIR (here 10.5 dB), the resegmentation case requires 6 (re)transmissions, while the non-resegmentation case needs 8 (re)transmissions.

In Figure 3, the UE category 8 has been considered. As observed, to meet a target BLER of 0.1 % for a given SIR of 14 dB, the resegmentation needs 6 (re)transmission (taking into account twice transmissions than the non-resegmentation), while the original 14300 bit HS-DSCH transport block requires 8 (re)transmission. Hence, in this case, we can reduce the number of (re)transmissions with the resegmentation.

The performance gain of resegmentation over non-resegmentation may be explained as follows: in HSDPA large transport blocks using a high code rate (to achieve high data rate) are selected only in good channel conditions. If channel condition negatively changes, the large transport blocks are most likely in error. In this case, if the blocks are segmented and the same number of resources is maintained, leading to reducing the corresponding code rate by half, the segmented transport blocks having a less code rate can be much more protected by the channel coding. That is, the coding gain of the segmented transport blocks would be greater than 3 dB, relative to that of the original transport block.
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Figure 1. BLER vs. # of (re)transmissions, when Chase combining, TrCH block size=7300 and 3650 bits, 16 QAM, WG4 Case 1
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Figure 2. BLER vs. # of (re)transmissions, when Chase combining, TrCH block size=7300 and 3650 bits, 16 QAM, WG4 Case 1
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Figure 3. BLER vs. # of (re)transmissions, when Chase combining, TrCH block size=14600 and 7300  bits, 16 QAM, WG4 Case 1

4. Summary

This contribution has illustrated unacceptable performance in the presence of a plausible scenario; large (but realistic) decrease in channel quality between the time of measurement and reporting and the time of transmission.

We have suggested an intuitively straightforward remedy for the problem, and have shown that it will provide significant performance improvement in this situation.

However, this option is not available with the current MAC protocols.

If WG1 agrees that this problem is a real concern, and that resegmentation is a simple and practical way to reduce the impact, then it is proposed that WG1 inform WG2.
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