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1. Introduction
In this paper system level simulations are presented to show the effect on system throughput performance in the downlink of HSDPA when rate 5/8 coding is added to the MCS levels.  Rate 5/8 coding can be obtained by puncturing the existing turbo codes, so no new polynomials are needed, and only a different puncturing pattern needs to be used. The simulation parameters are given in the Appendix.  A 19-cell model with 3 sectors per cell was used.  A single transmit and receive antenna was assumed, so no transmit or receive diversity was used.  It was assumed that the Node B always had data to transmit to each UE (infinite queue), and the schedulers used were round robin and max C/I.  Fast cell selection was assumed.  The base set of MCS levels was assumed to be QPSK rate 1/2 and 3/4, 16-QAM rate 1/2 and 3/4, and 64-QAM rate 3/4.  The additional MCS levels added in these simulations are 16-QAM rate 5/8 and 64-QAM rate 5/8.  The rationale for adding the rate 5/8 coding is that there is a 4 dB gap between the required Ior/Ioc for 16-QAM rate 1/2 and rate 3/4 and a 5 dB gap between the required Ior/Ioc for 16-QAM rate 3/4 and 64-QAM rate 3/4.  Putting additional MCS levels to fill these gaps gives more flexibility to the Node B in choosing an MCS level that is close to the rate that can be supported by the channel to each UE.

2. Simulation Results

Simulations were performed with the number of Walsh codes fixed at 10 and also with a variable number of Walsh codes with a maximum of 10.  The advantage of having a variable number of Walsh codes is that it is easier for the Node B to match to transmitted data rate to the data rate that can be supported by the channel to a particular UE.  For example, if the channel quality is slightly poor to support 10 Walsh codes at 16-QAM rate 1/2, then 9 Walsh codes could be transmitted at rate 16-QAM rate 1/2 instead of having to drop back to QPSK rate 3/4.  There may be additional overhead in changing the number of Walsh codes used every 2 ms.

Figures 1 and 2 show the probability of using each MCS level when the number of Walsh codes is fixed at 10 and a max C/I scheduler is used with 10 users.  Figure 1 shows the distribution of use with the 5 MCS levels, and Figure 2 shows the results with the 5/8 coding included.  Since most of the Ior/Ioc values are quite high, the 16-QAM rate 5/8 is used 14% of the time and the 64-QAM rate 5/8 is used 20% of the time.  A summary of the increases in throughput is given in Table 1.  The throughput increase is 7.3% when the number of Walsh codes is kept constant at 10, and the throughput increase is 5.1% with a variable number of Walsh codes up to 10.

Table 1: Increase in throughput with addition of rate 5/8 coding.

	Parameters
	Increase in throughput for 5/8 coding over base set of 5 MCS levels

	Max C/I, fixed 10 Walsh codes
	7.3 %

	Max C/I, max 10 Walsh codes
	5.1%

	Round robin, fixed 10 Walsh codes
	5.3%

	Round robin, max 10 Walsh codes
	2.9%
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Figure 1.  Probability of MCS selection with max C/I scheduler with current MCS set.
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Figure 2.  Probability of MCS selection with max C/I scheduler with expanded MCS set.

Figures 3 and 4 show the probability of selecting each MCS level when the round robin scheduler is used and the number of Walsh codes is fixed at 10.  Since the Ior/Ioc values are lower than with the max C/I scheduler, the QPSK rate 1/2 level is selected most often.  In most of these cases the Ior/Ioc is so low that the throughput is almost zero.  The throughput increase with rate 5/8 coding is 5.3% with a fixed number of Walsh codes and 2.9% with a variable number of Walsh codes.  Note that if QPSK rate 1/4 is added to the base mode (with the round robin scheduler), the throughput increase with rate 5/8 coding is 4.4 % with a fixed number of Walsh codes and 2.8% with a variable number of Walsh codes.
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Figure 3.  Probability of MCS selection with round robin scheduler with current MCS set.
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Figure 4.  Probability of MCS selection with round robin scheduler with expanded MCS set.

3.
Conclusions
This document has shown that the throughput can be increased about 5% by adding rate 5/8 coding to the MCS levels.  Since this can be done by simply changing the puncturing pattern of the existing turbo codes, the complexity increase at the Node B and UE is minimal.  Since the number of MCS levels is still less than 8, only 3 bits are needed to communicate the MCS levels to the UE’s, so there should not be much increase in the amount of control information sent to the UE’s.  
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Appendix – Simulation parameters

	Cell layout
	19 cell model in hexagonal grid

	Cell sectorization
	3 sectors/cell

	Site-to-site distance
	2.8 km

	Number of users/sector
	10 users

	Chip rate
	3.84 Mcps

	Antenna pattern
	as in [2]

	Propagation model
	L=128.1+37.6 log10(R in km)

	Power allocated to HSDPA
	80%

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Carrier frequency 
	2 GHz

	BS total Tx power
	43 dBm

	Fast HARQ method
	Chase combining

	BS antenna gain
	14 dB

	UE antenna gain
	0 dB

	Spreading gain
	16

	Max number of Walsh codes for HSDPA
	10

	Standard deviation of slow fading
	8.9 dB

	Source data rate model
	Infinite queue

	Packet schedulers
	Max C/I and round robin

	Base MCS levels
	QPSK rate 1/2 and 3/4, 16-QAM rate 1/2 and 3/4, and 64-QAM rate 3/4

	Additional MCS levels
	16-QAM rate 5/8 and 64-QAM rate 5/8
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