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Further discussions on Zero-padded HOM for SPEED
1 Introduction

The basic concept and some performance evaluations of Zero-padded HOM for SPEED were presented at GERAN #47 and #48 ([1]

 REF _Ref286133588 \n \h 
[2]). By introducing Padded HOM, fewer effective user data symbols are utilized for both NSR (Normal Symbol Rate) and HSR (Higher Symbol Rate) in SPEED. In this contribution, some further discussions on Zero-padded pattern for Padded HOM are given. 
2 Converting HSR to NSR
Table 1 User data symbols in EGPRS2 and Padded HOM for PCE2
	Coding scheme
	Modulation in EGPRS2
	Modulation in Padded HOM for PCE2
	Number of user data symbols per burst in EGPRS2

	Number of user data symbols per burst in Padded HOM for PCE2


	DAS-5~7
	8PSK
	16QAM
	116
	87

	DAS-8~9
	16QAM
	32QAM
	116
	93

	DAS-10~12
	32QAM
	64QAM
	116
	97

	DBS-5~6
	QPSK
	8PSK
	138
	92

	DBS-7~9
	16QAM
	32QAM
	138
	111

	DBS-10~12
	32QAM
	64QAM
	138
	115


The numbers of effective user data symbols per burst for each coding scheme compared between legacy EGPRS2 and Padded HOM for PCE2 are listed in Table 1. It can be seen that with Padded HOM solution for PCE2 the largest number of user data symbols per burst for level-B coding scheme is 115, which is still less than the number of symbols for level-A coding scheme in legacy EGPRS2 (116). Note that the transmit symbol rate is related to the number of symbols in a burst. In EGPRS2-B, higher symbol rate was introduced because there are more symbols (138) needed to be transmitted in order to increase the system peak throughput. If the number of symbols in a burst for level-B coding scheme could be reduced, the symbol rate could then be slowed down. The largest number of symbols for Padded-HOM PCE2 is less than the number of symbols for EGPRS2-A. It means that in Padded HOM the user data symbols of the coding schemes both for level-A and level-B could be transmitted at NSR. This can be done by tuning the number of padding symbols in each coding scheme so that the total number of symbols in a burst is the same as that in legacy EGPRS2-A.
3 Performance evaluation
Table 2 Simulation assumptions

	Parameter
	Value

	Coding Schemes
	DBS5, DBS11

	Symbol rate
	HSR, HSR2NSR[note]

	Channel propagation
	TU3iFH

	Frequency band
	900 MHz

	Interference
	CCI

	Tx filter
	Lin GMSK

	Rx filter
	Level A: 270 kHz;

Level B: 325 kHz

	ICI equalizer
	No

	Frames
	5000

	Tx /Rx impairments
	No

	Cyclic prefix length
	level A: 8
level B: 9

	DFT size
	level A:140
level B: 168

	TS position index
	TS17 for NSR: [0:9:135,139]
TS18 for HSR: [0:10:160,167]

	[note]: It means the transmit symbol rate is changed from HSR to NSR


Due to the same Tx filter and the same sub-carrier spacing for both NSR and HSR in PCE2, it is anticipated that the performance of level-B channel when transmitting at higher symbol rate would be similar to the performance when transmitting at normal symbol rate. Some preliminary simulations have been performed based on the assumptions depicted in Table 2. 
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Figure 1 CCI performance of HSR and HSR2NSR for PCE2

Figure 1 shows the performance of the same channel when transmitting at NSR and HSR. It can be seen that the performance was kept almost the same when the same payloads are transmitted at different symbol rates.
4 Discussion
Since two symbol rates should be supported, the implementation complexity was increased both in transmitter and receiver for PCE2. At the transmitter side, more hardware resources are needed to perform two different lengths IDFT and the symbol rate adaptation. And at the receiver side, two DFT modules are also needed. Two transceivers for different symbol rates should be included. Moreover, having two symbol rates also complicates blind detection. The general procedure of blind detection is illustrated in Figure 1.Both the modulation type and the symbol rate are expected to be blindly detected in the receiver. Assume that there are three types of modulation used in each symbol rate. Thus six branches need to be detected before the final modulation and symbol rate decision is made. The more types of modulation in each symbol rate, the more complicated the blind detection is. The final decision is made correspondingly to the modulation type and symbol rate which gives the best match under certain criterion.
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Figure 2 Blind detection procedure
If the symbol rate is unified to only normal symbol rate, the extra resources and processing for higher symbol rate could be taken out from the transmitter and receiver for PCE2. The blind detection procedure for PCE2 could also be simplified by only detecting the modulation type. 
Furthermore, if only one symbol rate is utilized, most design and evaluation for SPEED, such as CP length, DFT length, TS symbol position and mapping of block fields, could be simplified by only considering one symbol rate. 
5 Conclusion
Based on the observations in this contribution, it is possible to convert higher symbol rate to normal symbol rate without any loss of peak throughput in PCE2. The implementation complexity and design effort could be significantly decreased in this way. Therefore it is suggested to consider this kind of simplification for SPEED study.
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