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1. Introduction and signal structure

In HSDPA services, the received QI reporting signal at Node-B should have high reliability since it has great effect on the scheduling processes. But that issue has never been treated so far. To examine the effect of QI-reporting errors on system performance, we have developed the system-level simulations over simple HSDPA environments, which results are shown in Appendix. Our simulation results show that the received errors of QI reporting signals decrease the throughput considerably. To solve this problem, the error detection algorithm of QI samples should be introduced. 

On the other hand, the uplink control signals for HSDPA produce the MAI with other UEs’ signals. To decrease the MAI, either the transmission rate or the transmission power should be reduced. But the either way has adverse effect on the scheduling processes. Moreover, if the interference cancellation techniques are used in Node-B, the received SIR of control signals may decrease and the QI samples for scheduling processes become more erroneous.

In these regards, we have focused our effort on introducing the error-detection capability to QI reporting signal. Among a lot of error-detection methods, we choose a CRC method. The CRC has been widely used since it is simple and shows good performance. In addition, we chose a convolutional code as a channel code. 

Figure 1 shows the structure of QI reporting signal, i.e. the input of convolutional encoder. Note that tail bits are not included in order to reduce the power loss by tail bits.
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Figure 1.Structure of QI reporting signals
2. The impact on encoder and decoder

Figure 2 shows the process of signal-generation. It has no effect on the convolutional encoder of 3GPP systems. Figure 3 illustrates the decoding process for the QI reporting signal. The decoding process is performed with Viterbi decoder without tail bits. The scheduler uses only the QI samples that pass CRC test. If the CRC test fails, the QI sample is discarded and not used in the scheduler.
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Figure 2. Block diagram of a signal-generating process
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Figure 3. Block diagram of a decoding process

3. The simulated performance of the suggested scheme

 We design the coding scheme based on the following assumptions: [3,4].

(1) The number of channel-coded bits in a frame is 20 (transmitted during 2 TTI).

(2) The number of QI bits is 4 (16-level quantization of Ior/Ioc regions)

(3) It uses K=9 rate-1/2 convolutional code used in 3GPP specification.

In addition, we evaluated two cases of 8-bit CRC. One is a CRC used in 3GPP specification and the other is a new CRC optimized for the suggested coding scheme. Since the number of input bits for convolutional encoder is 12 and the code rate is a half, the number of coded output bits is 24. Therefore 4 coded bits are punctured after encoding processes in order to get 20 coded bits. If the CRC in 3GPP specification is used, the minimum distance is 8. However, the minimum distance can increase to 10 if the proposed CRC in figure 4.
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Figure 4. New CRC optimized for the suggested coding scheme

For convenience, we define two terms, “BLER at the scheduler input” and “success probability of CRC-test”. The former denotes the error rate of the blocks that are really used as the input of the scheduler. Note that the meaning of “BLER at the scheduler input” varies according to the inclusion of CRC schemes. If the CRC is used, it implies the block error rate among only the blocks that success the CRC test. When the CRC is not used, it means just block error rate among all received blocks. The latter term “success probability of CRC-test“ denotes the probability of blocks that are turned out to be correct after the CRC-test.

Figure 5 shows the success probabilities of CRC-test for two cases using CRC over AWGN channel. The notation of ‘Eslot/Nt’ in x-axis denotes the total SIR per one slot. The ‘CRC-3GPP’ case uses the CRC in 3GPP specification and the ‘CRC-new’ case utilizes the CRC in figure 4. Since they include CRC bits instead of tail bits, the decoding capability becomes worse but CRC test can exclude the erroneously decoded cases. While 50% of QI reporting signals pass CRC test in lower SIR regions, but the probability increases to over 80% in the SIR regions greater than 6.5dB. 

The BLERs at the scheduler input of three cases are shown in figure 6. The first case, denoted by ‘No-CRC’, uses the convolutional codes without CRC bits but with 8 tail bits. Note that the scheduler uses all outputs after decoding processes since it does not have any reliability-check method. According to figure 6, the BLER without CRC is about 10-2 at 7dB. However, ‘CRC-new’ keeps BLER lower than 10-2 in the regions greater than 4dB. In this respect, we can see the 3dB gain being compared with the case of ‘No-CRC’. ‘CRC-spec’ shows the gain of 1.5dB
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Figure 5. Success probabilities of CRC-test for two cases using CRC over AWGN channel
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Figure 6. BLERs at the scheduler input of three cases over AWGN channel

4. Concluding remarks

Using CRC schemes, the ratio of the blocks used in the scheduler to the received blocks becomes worse, but we can decrease BLER of the scheduler input greatly. According to the system simulation results in Appendix, the errors of QI samples used in scheduler reduce system performances much greater than the reduction of QI samples does. 
The suggested CRC-based error-detection scheme can guarantee the reliable performance and the gain of power reduction. It is another merit to minimize system complexity. Therefore we think that the suggested scheme can be considered one candidate for HSDPA uplink QI reporting methods.
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< Appendix : System simulation with QI-reporting errors >

A.1  simulation assumptions and parameters

 We refer to [2] for the basic system simulation parameters. In addition, the traffic model parameters are identical to those of [2]. The other important parameters are as follows.
( Max C/I scheduler

( Single path Rayleigh fast fading channel with Jakes modeling

( The number of UE’s per a sector is 100 with the equal speed of 3 Km.

( 4 MCS (QPSK ½ rate, QPSK ¾ rate, 16-QAM ½ rate, 16-QAM ¾ rate)

( 30% of Node B power allocated to common channels etc in all cells
( 70% of Node B power allocated to HSDPA in all interfering cells and a wanted cell.

( Spreading factor is set to 16 and 10 spreading codes are available for HSDPA
( It uses Chase combining with TDM method. The MCS of retransmission does not vary. 

( 4-buffer SAW with downlink asynchronous transmission and uplink synch transmission.

( The available maximum retransmission is set to 5. If the decoding is failed even after the maximum retransmission, that erroneous packet is discarded.

( The Ack/Nack signal is received with no error.

( The time delay for re-transmission is 4-TTI duration that includes the delay for Ack/Nack-signal generation, demodulation and scheduling processes.

( The time delay for QI reporting signals to have effect on transmission over forward link is 4-TTI duration that includes the delay for QI measurement, demodulation and scheduling processes.

( QI reporting signal is transmitted at each TTI.

( Ior/Ioc is divided into 16 levels over a dynamic range of 26dB (-10dB~16dB) and each of middle 14 levels has 1dB range from –2dB to 12dB.

( QI reporting signal is transmitted with the pre-determined error of Gaussian property. If it decided that QI reporting signal is transmitted erroneously, one of QI values among other 15 values is selected with uniform distribution probability.

( Scheduling processes ignore the UEs with the QI samples that fail the CRC test.

( The simulated time duration is 2500 TTI and the results are obtained by averaging those of 20 iterations. 

A.2  simulation results and discussion

Table A.I shows the system performance of eight cases. Case A means that the QI signals is perfectly received with no error and wholly used for scheduling processes (ideal case). Case B and case C imply that the convolutional code with tail bits but no CRC bits is used.

Table shows that the system throughput without CRC decreases greatly as BLER at the scheduler input increases. This is largely because the retransmission constraint of chase combining. For an example, let us assume that the QI reporting message of a UE at lower SIR be received erroneously and considered as the highest-SIR UE at Node-B. Then, the transmission will be initiated with higher MCS. Even though the hybrid ARQ scheme is applied, the packet after retransmission may remain erroneous. This case reduces the system throughput greatly. If the MCS can vary at retransmission, this harmful effect can be mitigated.

Case D shows the erasing effect of users at the scheduler, whose QI reporting signals are turned out to be erroneous after CRC test. Even though 50 % of the QI reporting signals are erased, the system throughput decreases by 6%. This is largely because the QI reporting signal of a specific UE may pass CRC test although it does not pass a CRC test at previous TTI. Case E and case F belong to ‘CRC-3GPP’. Case G and case H belong to ‘CRC-New’. Note that case H shows over 90% of case A. 

In conclusion, the BLER at the scheduler input has great effect on the system performances than the Success probability of CRC-test does. 

Table A.I. system performances 

	Case
	Success probability of CRC-test
	BLER at the scheduler input
	OTA  System
	Service System
	Retransmission percentile

	A
	NA(No test)

	0
	2,876,044
	2,893,315
	11.7%

	B
	
	0.1
	1,930,232
	1,975,572
	45.8%

	C
	
	0.019
	2,452,415
	2,474,838
	29.9%

	D
	0.5
	0
	2,699,231
	2,701,223
	13.3%

	E
	0.52
	0.03
	2,301,325
	2,324,738
	31.7%

	F
	0.83
	0.006
	2,685,820
	2,713,536
	17.4%

	G
	0.5
	0.012
	2,527,002
	2,536,389
	23.7%

	H
	0.8
	0.002
	2,806,044
	2,824,315
	15.9%
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Figure A.1. Simulation points setting from the BLER at the scheduler input curves.



















