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1. Introduction

In recent meetings several proposals have been presented concerning the size of a “resource block” for OFDMA. In the following we show some aspects which have to be considered for the definition of the resource block size and we present a solution which fits well for the scalability, the coherence bandwidth of the channel and the minimum transport block size. We propose to fix the currently missing bandwidth of the resource block size in TR 25.814 for DL OFDMA. Therefore a text proposal is added to this document.
2. Aspects for determining the resource block size
2.1. Scalable bandwidth

In [1] it is noted that the Evolved UTRA should support a scalable bandwidth of 5, 10, 20 and possibly 15 MHz. Further, 1.25, 2.5 MHz may be used to allow flexibility in narrow spectral allocations. In the last RAN1 meeting the sub‑carrier spacing was agreed to be 15 kHz and for all possible bandwidth a fixed number of used sub-carriers was assigned as shown in the following table [2]:

	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Sub-carrier spacing
	15 kHz

	Number of occupied sub-carriers (DC sub-carrier excluded)
	75
	150
	300
	600
	900
	1200


Table 1: Number of sub-carriers for downlink transmission scheme (from [2])
To assign now an equal number of resource blocks to each possible bandwidth it is best to take the smallest BW and to assign a divisor of the number of occupied sub-carriers to one resource block. Considering Table 1 we have 75 sub-carriers at 1.25 MHz bandwidth which leads to 3, 5, 15, or 25 as possible numbers of resource blocks. From these four possibilities we obtain a resource block bandwidth of 375, 225, 75, or 45 kHz.

2.2. Coherence bandwidth of the channel

The delay spread of a typical channel depends on the carrier frequency and lies in the range of 3 to 5 µsec for the typical carrier frequencies used in evolved UTRA. This leads to a coherence bandwidth of the channel of about 200 kHz using the definition from [3]. Investigations on the frequency selective fading turned out that a resource block size around the coherence bandwidth leads to a small loss of the maximum possible scheduling gain. This is further explained with Figure 1.
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Figure 1: Channel impulse response of a typical urban channel and its spectrum with a weak 6th tap (upper part) and with a strong 6th tap (lower part). The red bars show the mean power of each 225 kHz chunk relatively to the overall mean power of the channel at this snap shot.

With a weak 6th tap one can see in Figure 1 that deep fades occur around every 400 to 500 KHz only. For frequency domain scheduling there can be found resource blocks which have a gain of around 5 to 6 dB above the average channel power. With a strong 6th tap the deep fades occur every 200 kHz. However, there are still resource blocks of 225 kHz which have a gain of more than 5 dB compared to the average power of the channel.

If the chunk size is increased the maximum gain of the resource blocks compared to the average channel power will be reduced due to averaging. There is still some gain of 3 dB if the resource block bandwidth is 450 kHz. With further increasing the chunk bandwidth the channel variation is more and more reduced and the scheduling gain therefore shrinks.

2.3. Number of bits/symbols within the smallest resource unit

With a TTI length of 7 symbols we obtain 7 times the number of sub-carriers for the number of symbols within a resource block. Table 2 shows the number of bits in a resource block assuming QPSK.

	Number of sub-carriers
in a resource block
	5
	10
	15
	20
	25

	Number of bits 
(using QPSK)
	70
	140
	210
	280
	350


Table 2: Number of bits in a resource block dependent on the number of combined sub-carriers
For HSDPA the smallest resource unit is 960 bits per TTI. Considering the 4 times shorter TTI length of EUTRA and the fact that low rate real-time users (e.g. VoIP) should be integrated in the system seamlessly a number of around 210 bits per TTI seems to be a good selection.

3. Proposal for the resource block size and Conclusions

	Bandwidth in MHz
	1.25
	2.5
	5
	10
	15
	20

	Usable BW in MHz
	1.125
	2.25
	4.5
	9
	13.5
	18

	15 sub-carriers per RB (225 kHz)
	5
	10
	20
	40
	60
	80


Table 3: Number of resource blocks dependent on the bandwidth and the size of the resource blocks
According to the results from Section 2 we propose to use a resource block size of 225 kHz as working assumption for the further study item phase. Therefore a text proposal for TR 25.814 is added.
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5. Text Proposal for TR 25.814

Start of text proposal for TR 25.814, section 7.1.1.2.1

---------------------------------------------------------------------------------------------------------------------------------------------

Both TDM and FDM are employed to map channel-coded, interleaved, and data-modulated information [Layer 3 information] onto OFDM time/frequency symbols. The OFDM symbols  are organized into a number of resource blocks consisting of M=15 consecutive sub-carriers for a number N=7 or N=6 of consecutive OFDM symbols dependent on the used CP length (short/long). Table 7.1.1-2 gives the number of resource blocks dependent on the bandwidth of the system
Table 7.1.1-2: Number of resource blocks dependent on the bandwidth
	Bandwidth in MHz
	1.25
	2.5
	5
	10
	15
	20

	Number of available resource blocks
	5
	10
	20
	40
	60
	80


The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

In addition to block-wise transmission, transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize frequency diversity.

Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
----------------------------------------------------------------------------------------------------------------------------------------------

End of text proposal for TR 25.814, section 7.1.1.2.1
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