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1. Introduction


Previous contributions have addressed methods of adjusting the switching thresholds used in CPICH-based MCS selection[1][2].  Adjustment of these thresholds is beneficial  because the optimal set of switching thresholds for a given UE will depend on the UE’s  Doppler spread and multipath channel conditions as well as the UE’s  receiver performance. The latter is particularly important when interference cancellation and equalization algorithms are employed.  Link-level simulation results were reported in [2] for a scheme which aims to maintain a target TTI block error rate. In this scheme, the switching threshold for a particular MCS level is increased  or  decreased according to the ACK/NACKs received when that MCS level is used. The 50 km/h simulation results indicated that the throughput obtained when the thresholds were adjusted in this manner was somewhat higher than the throughput obtained for a fixed set of thresholds which were optimized at 0 km/h.  


This contribution presents an alternative method of threshold adjustment for CPICH-based MCS selection.  This method is motivated not only by throughput improvement but also by a reduction in residual block error rate, the block error rate after the maximum number of HARQ retransmissions have taken place. System simulations of both the proposed adaptive threshold and conventional fixed threshold methods are presented.

2. Residual Block Error Rate


In HARQ, retransmissions are performed until either the transport block is decoded correctly or a maximum number of retranmissions is reached.  In the latter case, transmission is aborted and a higher layer is responsible for resending the affected data. If these aborts occur too frequently however, excessive delays will result [3].  This problem will be more severe if the switching thresholds are too low since the selected MCS level will be higher than the channel can support, implying a high block erasure rate.  To confirm this, a system simulation was performed where a radio frame could be transmitted up to a maximum of 15 times before an abort was declared. The MCS level was chosen based on the UE's measurement of the CPICH SIR. The residual block error rate, defined as the percentage of blocks which were aborted after the maximum number of  transmissions, was recorded for each user.  The packet call throughput as defined in [3] as well as the percentage of users in the system with residual block error rates greater than 1% and .01% were recorded. This was performed for two sets of thresholds and UE speeds of  3 and 120 km/h. The system consisted of 19 3-sector sites. Statistics were gathered over all 57 sectors. The simulation was performed according to the assumptions specified in [3] except for the parameters specified in Table 1.  Results are shown in Table 2.

	System Simulation Assumptions

	Frame Length
	3.33 ms

	MCS Selection
	CPICH Measurement (RSCP/ISCP)

	Channel Model
	3 and 120 kmph, single Rayleigh ray with Jakes fading.

	Scheduler
	Max C/I. See [3]

	Call Model
	Modified ETSI. See [3]

	CPICH measurement report error rate
	0%

	Fast HARQ feedback error rate: 
	0%

	CPICH Measurement rate
	1500 Hz

	CPICH Measurement filtering
	IIR filter sampled once per TTI using IIR filter with coefficient of 0.3 (new data weighted by 0.7))

	Std. dev. of CPICH measurement error:
	1 dB

	CPICH measurement transmission delay
	1 frame .Selected MCS can be applied after 1 frame delay upon receiving measurement report

	STTD
	Off

	Combining
	Chase

	Frame length for fast HARQ
	3.33 ms

	Reduction before mapping to Frame Erasure Look up Table
	0.5 dB

	Simulation time
	300 s

	Number of drops
	5


Table 1
	
	Thresholds (Ec/Ioc,dB)
	Vehicle Speed (km/h)
	Packet Throughput

(kb/s)
	Percent of users in system with Residual BLER greater than

	Thresholds optimized for 
	1/2

QPSK
	1/2

16QAM
	3/4

16QAM
	3/4

16QAM
	
	
	10-2
	10-4

	3 km/h
	-14.8
	-7.2
	-3
	3
	3
	678.3
	0%
	0.8%

	
	
	
	
	
	120
	144.5
	17%
	48%

	120 km/h
	-11.8
	-4.2
	0
	6
	3
	529.0
	0%
	.1%

	
	
	
	
	
	120
	161.0
	0%
	5.4%


Table 2: Packet throughput and residual FER without invention and for two sets of fixed thresholds. The threshold sets were optimized for performance at 3 and 120 km/h.


The first set of thresholds were chosen to given  optimum performance at low speeds, yielding a packet throughput of 678.3 kbps at 3 km/h. Of the total number of users in the 57 sector system, 0.8% of them had residual error rates greater than .01%. When the vehicle speed is increased to 120 km/h, two problems become evident. First, we see a large increase in the residual block error rate. Now 17% of the users in the system have residual error rates greater than 1%. Second, we see that the second set of thresholds improve the packet throughput by approximately 10% at 120 km/h. This reflects the higher SIR ratios required to obtain a given SIR in this channel. In other words, the set of thresholds which perform well at slow speeds are suboptimal at high speeds.

3. Method for Threshold Adjustment


The above problems may be solved by embedding the choice of MCS level into a feedback loop. The principle is illustrated in Fig. 1. The input to the algorithm is the number of frames required to obtain successful decoding. This count is fed to a look-up table which generates a type of error signal. The error signal is integrated and the result is scaled by the loop gain 
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 and applied to a clipping device. The clipping device is defined by
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The output of the clipper is summed with the downlink SIR measurement, i.e., the estimate of the CPICH SIR. This effectively biases the measurement up or down. From this biased measurement, the MCS level is then selected based on a nominal set of thresholds.  Note that adjusting the downlink SIR measurement in one direction is equivalent to adjusting the thresholds in the opposite direction. A typical look up table is illustrated in Table 3. The error signal is seen to be positive when a frame takes either one transmission to complete. On the other hand, the look-up table output grows negative when more than one transmission is required. Physically, this will cause the thresholds to drift downward when only one transmission is required and drift upward when more than one transmissions is required. 

	Number of Transmissions Required for Correct Decoding
	Look-up Table Output

	1
	1

	2
	-2

	3
	-4

	4
	-6

	5
	-8

	> 5
	-10


Table 3: Error signal vs. number of  transmissions required foror correct decoding .

This approach differs from that in [2] in the way retransmissions affect the threshold adjustment. In [2], NACKs received during retransmissions are not used for threshold adjustment. Instead, the threshold is adjusted only by the ACK/NACKs which occur on the first transmission.  In the method discussed above however, errors in retransmissions will affect the amount of threshold adjustment. Since the MCS level is held constant during retransmissions however, the threshold adjustment occurs only after a block is either correctly decoded or aborted. The above difference is due to what is being targeted with each method. The method in [2] is designed to achieve a desired first-frame error rate while the proposed method attempts to maintain a target number of retransmissions independent of channel condition.


While the above explanation assumes an explicit measurement of the forward link SIR, the approach can also be applied when the downlink channel quality is implicitly measured as with MCS selection schemes based on the downlink transmit power of the associated DPCH. It is also possible to adapt each threshold separately as was done in [2].

4. Simulation Results


The algorithm of Fig. 1 was simulated under the same assumptions listed in Table 1. The maximum and minimum threshold adjustments were set to +/- 3 dB respectively. The results are shown in Table 4 below along with the corresponding results from Table 2. At 3 km/h, the packet throughput is hardly changed by using the adaptive threshold scheme. In fact, the residual block error rates are reduced (0.3% vs. 0.8%  users with residual error rates above .01%). At 120 km/h, the percentage of users with residual error rates greater than 1% drops from 17% to 0% with the adaptive method. In addition, the packet throughput improves from 144.5 kbps to 167.5 kbps for an increase of 16%. 

	Thresholds  (Ec/Ioc,dB)
	Vehicle Speed (km/h)
	Packet Throughput

(kb/s)
	Percent of users in system with Residual FER greater than

	1/2

QPSK
	1/2

16QAM
	3/4

16QAM
	3/4

16QAM
	
	
	10-2
	10-4

	-14.8
	-7.2
	-3
	3
	3
	678.3
	0%
	0.8%

	
	
	
	
	120
	144.5
	17%
	48%

	
	         Adaptive Thresholds
	3
	661.2
	0%
	0.3%

	
	
	120
	167.5
	0%
	5.5%


Table 4: Packet throughput and residual FER with the adaptive threshold scheme and for a fixed set of thresholds (optimized for 3 km/h). 

5. Conclusion

This contribution presented an adaptive scheme for varying the switching thresholds for CPICH-based MCS level selection. A fixed set of thresholds was shown to be undesirable both from the standpoint of throughput and residual block error rate. By using the number of retransmissions as the input to a simple, first order loop, the residual block error rate could be kept within tolerable limits while the throughput was near optimized values over UEs speeds between 3 and 120 km/h. 
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Figure � SEQ Figure \* ARABIC �1�: Block diagram of adaptive threshold scheme.
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