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1 Introduction

Concerns for circular buffer rate matching (CBRM) [1] performance were raised in [2], where it was claimed that CBRM results in 1 dB loss in throughput performance compared to EGPRS MCS7 and MCS8. This contribution presents our verification of the simulation results.
2 Simulation Results
Link performance of EGPRS MCS7 and MCS8 (8PSK modulated signal) were studied through link level simulations. Retransmissions using incremental redundancy (IR) are also simulated to fully investigate the rate matching performance. Assumption is as shown in Table 1 and Table 2. Note that except for rate matching (EGPRS puncturing vs. CBRM), all the other assumption, including channel interleaver, is identical in the comparison of rate matching performance. In case of retransmission, the interval between two successive transmissions of the same packet is assumed to be 200 ms. The EGPRS puncturing patterns for IR assumes P1→P2→P3→P1 for the 1st, 2nd, 3rd, and 4th transmission.
Figure 1 and Figure 2 show the BLER performance of MCS7 and MCS8 respectively after the 1st, 2nd, 3rd, and 4th transmission. Figure 3 and Figure 4 show the throughput performance with maximum number of transmissions equals 1 (non-HARQ), 2, 3, and 4. As can be seen, using CBRM and using EGPRS defined puncturing give similar performance, not only for the first transmission (i.e., non-HARQ) but also for all retransmissions of IR. No performance loss of 1dB as in [2] is observed. 
	Parameter
	Assumption

	Carrier Frequency
	900 MHz

	Channel Model
	TU 6-tap, 3kmph

	Channel estimator
	From training sequence

	Modulation
	8PSK 

	Convolutional Code
	R=1/3, K=7 [3]

	Channel interleaver
	EGPRS interleaver [3]

	Rate Matching
	EGPRS puncturing [3] vs. CBRM 

	# of Rx antennas
	1

	Frequency hopping
	Disabled

	Modulation detection
	Ideal

	Header detection
	Ideal

	Equalizer
	8PSK RSSE DFE

	Time interval for retransmission
	200 ms


Table 1 Link simulation assumption
	MCS
	Data Block Size1 (bits)
	Data Rate (kbps)
	Header Size2 (bits)
	Coding Rate
	Interleaving depth (bursts)

	MCS7
	2x448
	44.8
	168
	0.76
	2

	MCS8
	2x544
	54.4
	168
	0.92
	2

	1: Two code blocks are transmitted over one radio block (4 bursts)
2: Header size includes SF and, in case of downlink, USF


Table 2 MCS assumption
3 Other Considerations

One argument in [2] against CBRM is complication of channel interleaving with the subblock interleaving of CBRM. It should be noted that the CBRM subblock interleaving is intended to spread out the punctured bits across the mother code when a part of the subblock is truncated. Whereas a channel interleaver is designed to exploit the time diversity in the fading channel. A well designed channel interleaver for one puncturing pattern should also work just as well for CBRM deduced puncturing.
Another concern is the inclusion of Piggy-backed Ack/Nack messages (PAN). Presumably PAN and the rest of RLC data are separately encoded due to the constantly changing status of data blocks in the RLC window. So long as the receiver knows there is a PAN embedded in the RLC block and the predefined size of PAN. The same CBRM scheme works in the case of PAN without a separate set of puncturing patterns stored in the receiver.
4 Conclusions
We have performed link simulations comparing CBRM with the puncturing used in EGPRS. Similar performance in non-HARQ and IR was observed when replacing EGPRS puncturing with the CBRM scheme, in contrary to the results shown in [2]. We also see no obvious complication between CBRM and channel interleaver design or PAN inclusion. With its simplicity and flexibility, CBRM can support PAN, IR, and link adaptation during IR without the need to define puncturing patterns for all these different scenarios. Therefore, we believe CBRM is the most suitable rate matching scheme for RED HOT and HUGE.
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Figure 1 BLER performance after 1st, 2nd, 3rd, and 4th transmissions of EGPRS MCS7 using EGPRS puncturing and using CBRM in TU 3kmph channel
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Figure 2 BLER performance after 1st, 2nd, 3rd, and 4th transmissions of EGPRS MCS8 using EGPRS puncturing and using CBRM in TU 3kmph channel 
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Figure 3 IR throughput of EGPRS MCS7 (44.8 kbps) using EGPRS puncturing and using CBRM with maximum number of HARQ transmissions 1, 2, 3, and 4 in TU 3kmph channel
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Figure 4 IR throughput of EGPRS MCS8 (54.4 kbps) using EGPRS puncturing and using CBRM with maximum number of HARQ transmissions 1, 2, 3, and 4 in TU 3kmph channel
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