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1 Introduction
At the WG4#44 meeting in Kobe, there was discussion on specification of  HSDPA UE requirements for reception of 15 codes for QPSK and 16QAM.  There was some question on whether this would increase throughput coverage for UEs that support 64QAM – for example, whether throughput would be higher using 15 codes at 16QAM rather than using 64QAM with fewer codes.  It was agreed to consider this in future WG4 meetings as part of TEI8.

In this contribution, we present our analysis for 16QAM compared to QPSK, and demonstrate that higher throughput can be achieved using a larger number of codes with QPSK.  The results suggest that using 15 codes may significantly increase throughput coverage for 64QAM-supporting UEs (e.g. instead of doing 64QAM with less codes). We therefore propose to perform a similar analysis comparing results for 16QAM and 64QAM to determine whether the trend towards improved performance with the lower modulation and larger number of codes also holds in that case.
2 Details of the Simulation
For this analysis, the simulation used Adaptive Coding and Modulation with Hybrid ARQ.  The TFRC selection at Node B is done first according to the “CQI mapping table for UE category 10” specified in Table 7D of TS 25.214, and then according to a new mapping defined in Table 1 below.   This new table attempts to improve the expected throughput for a given CQI, by generally using a larger number of codes.  It seeks to maximize the number of codes, subject to the following two constraints:
· UE Category (i.e., use no more codes than the UE category supports)

· Code Rate (i.e., keep the effective code rate > ~1/3)

By maximizing the number of codes, the use of higher order modulation is consequently reserved for channel conditions which are better than those indicated by the CQI mapping table in TS 25.214. 
For this initial contribution, the comparison is limited to QPSK and 16QAM, but it is our intention to provide further results in the future comparing 16QAM and 64QAM.

Table 1  - TFRC Table Comparison

	
	TFRC based on UE Category 10 CQI Table from 25.214
	
	Improved TFRC Table

	CQI
	Rate
	TBS
	Codes
	Modulation
	
	Rate
	TBS
	Codes
	Modulation

	0
	
	
	
	
	
	0
	
	
	

	1
	0.1427
	137
	1
	QPSK
	
	0.1427
	137
	1
	QPSK

	2
	0.1802
	173
	1
	QPSK
	
	0.1802
	173
	1
	QPSK

	3
	0.2427
	233
	1
	QPSK
	
	0.2177
	209
	1
	QPSK

	4
	0.3302
	317
	1
	QPSK
	
	0.2677
	247
	1
	QPSK

	5
	0.3927
	377
	1
	QPSK
	
	0.3302
	317
	1
	QPSK

	6
	0.4802
	461
	1
	QPSK
	
	0.4052
	389
	1
	QPSK

	7
	0.3385
	650
	2
	QPSK
	
	0.5677
	545
	1
	QPSK

	8
	0.4125
	792
	2
	QPSK
	
	0.3911
	751
	2
	QPSK

	9
	0.4849
	931
	2
	QPSK
	
	0.3597
	1036
	3
	QPSK

	10
	0.4382
	1262
	3
	QPSK
	
	0.3531
	1356
	4
	QPSK

	11
	0.5149
	1483
	3
	QPSK
	
	0.3191
	1838
	6
	QPSK

	12
	0.6049
	1742
	3
	QPSK
	
	0.3515
	2362
	7
	QPSK

	13
	0.5935
	2279
	4
	QPSK
	
	0.3450
	2981
	9
	QPSK

	14
	0.6727
	2583
	4
	QPSK
	
	0.3266
	3762
	12
	QPSK

	15
	0.6915
	3319
	5
	QPSK
	
	0.3239
	4664
	15
	QPSK

	16
	0.3714
	3565
	5
	16-QAM
	
	0.3806
	5480
	15
	QPSK

	17
	0.4364
	4189
	5
	16-QAM
	
	0.4551
	6554
	15
	QPSK

	18
	0.4858
	4664
	5
	16-QAM
	
	0.5253
	7564
	15
	QPSK

	19
	0.5507
	5287
	5
	16-QAM
	
	0.5954
	8574
	15
	QPSK

	20
	0.6132
	5887
	5
	16-QAM
	
	0.6749
	9719
	15
	QPSK

	21
	0.6827
	6554
	5
	16-QAM
	
	0.7515
	10821
	15
	QPSK

	22
	0.7467
	7168
	5
	16-QAM
	
	0.4336
	12488
	15
	16-QAM

	23
	0.7231
	9719
	7
	16-QAM
	
	0.4828
	13904
	15
	16-QAM

	24
	0.7434
	11418
	8
	16-QAM
	
	0.5375
	15481
	15
	16-QAM

	25
	0.7506
	14411
	10
	16-QAM
	
	0.5879
	16931
	15
	16-QAM

	26
	0.7481
	17237
	12
	16-QAM
	
	0.6203
	17865
	15
	16-QAM

	27
	0.7553
	21754
	15
	16-QAM
	
	0.6664
	19192
	15
	16-QAM

	28
	0.8115
	23370
	15
	16-QAM
	
	0.7032
	20251
	15
	16-QAM

	29
	0.8410
	24222
	15
	16-QAM
	
	0.7690
	22147
	15
	16-QAM

	30
	0.8874
	25558
	15
	16-QAM
	
	0.8874
	25558
	15
	16-QAM


The tables are used as follows in the simulations:

1) UE estimates the CQI via measurements made on the CQI reference measurement period 

2) UE transmits the CQI information in the HS-DPCCH UL channel 

3) Node B receives the CQI without error

a. Node B adjusts the CQI if it determines the UE CQI report has a bias based on ACK/NACK history

b. The target BLER is 10% which is attained in these simulations

4) Node B uses one of the two TFRC tables in Table 1 to determine the TFRC used in the next DL transmission 

a. It is assumed that the UE is the only one scheduled and that data is sent to the UE in every TTI

b. All retransmissions use the originally selected TFRC

The average throughput, number of codes, and modulation type probability are computed and compared below as a function of Ior/Ioc.  The results show the benefit of using more codes than is suggested by the TS 25.214 CQI table.

Simulation results are provided for PA3 and PB3 channel models in Figures 1 and 2 below, and a summary of the simulation parameters used is shown in Table 2.  At each point on the curves, the average number of codes used and the probability of utilizing 16QAM modulation are shown.  These results indicate that with the improved TFRC table higher throughput is obtained, with on average more codes being assigned while the probability of using 16QAM modulation is lower.
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Figure 1 - Results for PA3 Channel Model

[image: image2.emf]Throughput Results for UE Category 10,  PB3, Ec/Ior = -2 dB
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Figure 2 - Results for PB3 Channel Model
Table 2 - Simulation Parameters

	Parameter
	Assumption

	Chip rate
	3.84 Mc/s

	HS-DSCH reference channels
	Adaptive Coding and Modulation

	Ec/Ior
	-2 dB 

	RX AGC
	Off

	Number of bits in A/D converter
	Floating point

	Number of samples per chip (P) 

for channel synthesis
	P=2 samples per chip at input to the receiver

	Channel Ray mapping
	Nearest Tc/P spaced delay (1/ Tc is the chip rate) – P specified above

	SRRC pulse shaping
	On

	Propagation channel type
	Pedestrian A 3km/hr  and Pedestrian B 3 km/hr

	Propagation channel update rate
	Continuous

	Max number of transmissions per H-ARQ process
	4

	RV sequence
	{6,2,1,5} for 16QAM, and {0,2,5,6} for QPSK

	ACK/NACK feedback error rate
	0%

	Turbo decoding
	MaxLogMap - 8 iterations

	Primary Scrambling code
	S_dl, 0 as given in 25.213v5.3.0

	Receiver structure
	Advanced receiver (LMMSE chip-level equalizer)

	Number of UE antennas
	1 

	Noise variance in equalizer
	Ideally known

	Number of HS-DSCH transport channels
	1
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	0-15 dB

	Channel estimation
	The location of each ray on the channel is known a-priori to the receiver, but the channel tap values (i.e. the complex coefficient associated with each multipath component) are estimated by the receiver.


3 Conclusions

Results have been presented for Category 10 UE with an improved TFRC table, and these results show that significantly higher throughputs may be achieved using more codes with QPSK compared to using fewer codes with 16QAM.  The results suggest that using 15 codes may significantly increase throughput coverage for 64QAM-supporting UEs (Compared to 64QAM with less codes). We therefore propose to perform a similar analysis comparing results for 16QAM and 64QAM to determine whether the trend towards improved performance with the lower modulation and larger number of codes also holds in that case.  We will present these results at the next RAN4 meeting.
_1072848282.unknown

