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1 Introduction

An Evolved UTRA physical resource block can be seen as a sub-set of all available subcarriers in the OFDM time frequency grid. The subcarriers belonging to a certain resource block can be adjacent, i.e. localized to a minor portion of the total available bandwidth or they can be distributed over the whole bandwidth as described in Section 7.1.1.2 of [1]. If channel coded bits are mapped to the resource block, then the distributed method will collect the available frequency and time diversity within a TTI. This is very useful for common and broadcast channels where H-ARQ and adaptive modulation and coding (AMC) cannot be used. On the other hand, if the selected adjacent subcarrier allocation in the localized method coincides with the portion of the spectrum with the highest channel quality (SIR), this UE will experience an SIR gain compared to a random subcarrier allocation. This SIR gain can be exploited by AMC for dedicated data channels in EUTRA.
The Evolved UTRA user multiplexing should allow for fast scheduling of the transmission to different users by using their respective resource blocks with the highest link quality. In FDD systems, this type of scheduling requires that each UE feed back to the Node B the channel quality indicator (CQI) for each of the resource blocks. For resource blocks with distributed subcarriers, it is sufficient if a single CQI is reported, which is valid for the whole bandwidth and for all distributed resource blocks [2]. For the localized subcarrier allocation, each resource block requires feedback of a CQI and a pointer to which resource block the CQI reflects. This localized resource block allocation leads to a large amount of feedback signaling if the number of localized resource blocks and number of UEs is large. 

So, with many UEs in the cell, the CQI feedback signaling will consume a great part of the uplink capacity. Furthermore, there will be a delay associated with this CQI feedback which will reduce the performance for medium to high speed UEs. 
A commonly used remedy when CQI information is unreliable is to use H-ARQ, but for dedicated data channels, we also have the additional possibility to use the distributed subcarrier allocation, which is more robust to CQI uncertainties when UE speed is increased. For common and broadcast channels, H-ARQ cannot be used and we must resort to distributed subchannels. An important question is how the encoded data to a particular user (dedicated data channel) should be divided over the localized and distributed resource blocks. The answer depends on the available amount of CQI feedback from the UE and its corresponding delay and the UE velocity (i.e. its CQI report reliability), but also on the available distributed and localized channel resources in the Node B. 

Traditionally, data is put either on a subchannel using localized resource blocks, or on a subchannel mapped to distributed resource blocks. These extreme cases corresponds to the preferable allocation when the CQI feedback uncertainties are very small (stationary UE and constant interference) or very large (high speed UE). In this discussion paper, we introduce the distributed subchannel allocation that implies that a subchannel can consist of both localized and distributed resource blocks. This gives the scheduler larger flexibility to adapt the dedicated data transmission to a particular UE based on the demands and available resources plus the CQI feedback and its reliability.

2 Simulation setup
The system simulator parameters can be found in the appendix in Section 7. Here follows a description of the transmission procedure: Assume that the total bandwidth is divided into M resource blocks where M is an even number and with an equal number of adjacent subcarriers in each resource block. The M resource blocks are in these simulations assumed to be divided into ML=M/2 resource blocks for localized use and MD=M/2 resource blocks for distributed use. It is further assumed that the resource blocks for distributed and localized use are interlaced. 

Let us assume that the UE reports the CQI for the NL best-localized resource blocks together with the NL pointers to which of the total ML resource blocks the reported CQI’s reflect. In addition, the UE always reports a CQI for the whole band, to be used for determine a single “global” code rate and modulation constellation valid for all the distributed resource blocks. 

The scheduler determines the amount of resources (size of the subchannel) that a UE will be allocated to in a particular timeslot. Denote this number N which the scheduler divides into
 NL localized resource blocks and ND distributed resource blocks, that is, N=NL+ND.  A block of information bits of appropriate size is turbo encoded, punctured, interleaved and multiplexed into N portions, where each portion of bits is mapped to the corresponding modulation constellation, see Figure 1. The choice of modulation and code rate is calculated based on the received CQI for the respective resource blocks. The N groups of symbols in the subchannel are then mapped to its corresponding resource blocks, whether it is a localized or distributed resource block. 

If the decoded packet is in error (detected by CRC), a retransmission is made in the next time slot using the same encoder, modulation and subcarrier mapping and Chase combining is used before the next decoding attempt. 


[image: image1]
Figure 1 The encoding, modulation and mapping of a physical subchannel onto distributed and localized resource blocks. In this example, the encoded block is divided onto NL=2 localized resource blocks using 16 QAM and QPSK modulation respectively and ND=1 distributed resource block which is using QPSK modulation. The modulation constellations are set depending on the UEs reported CQI for these resource blocks. 
3 Results

For the comparison, we assume a single user which is allocated a subchannel with N=2 or 3 resource blocks, be they localized, distributed or a combination of localized and distributed. The average user throughput is plotted as a function of the product of the Doppler frequency and the delay in the figures below. In the delay is accounted the time to measure channel quality in the UE, transmit the CQI report to the Node B, perform scheduling and complete the transmission. Since a Jakes/Clarke model is used, the time correlation function of the channel can be described as [3]
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where the Bessel function has its first null at 2.405. This means that if 
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, there is theoretically no correlation between the delayed feedback CQI value and the current CQI. This can be seen in the simulation results figures below, as the average throughput curves has a minima at approximately 0.4.
In Figure 2 we see the results for subchannels with N=2 resource block and for TdelayfDoppler< 0.25, the average throughput of the fully localized method (NL=2, ND=0) is superior to the distributed method (NL=0, ND=2) at the expense of more CQI feedback. For TdelayfDoppler > 0.25 (higher UE speeds or long delays) using only distributed resource blocks maximizes the throughput for the UE. The combined scheme with encoded data both on one localized resource block and one distributed resource block has intermediate performance at low TdelayfDoppler . This can be a preferred method for slow UE’s (TdelayfDoppler <0.25) when only one CQI is available and the Node B scheduler wants to transmit a packet that will not fit in only one resource block.
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Figure 2 The average user throughput when N=2 resource blocks are allocated to the UE and for varying number of CQI reports NL for localized subchannels
A similar plot for the N=3 resource blocks per subchannel case is given in Figure 3. Depending on the TdelayfDoppler product, which for a fixed CQI feedback delay depends on the UE speed, minimum required values of ND and NL can be found. For instance,   when TdelayfDoppler = 0.25 the performance of the NL=3, ND =0 scheme is approximately the same as for the other schemes with less feedback, so there is an opportunity here for CQI feedback bandwidth savings. For high TdelayfDoppler , the performance of the schemes get similar. The size of the data blocks, selected by the CQI in the localized scheme will be larger for the localized resource blocks due to the better SNR of these blocks, but they have on the other hand a larger retransmission probability. This is due to the faster change of the CQI of a selected best localized resource block compared to the distributed resource block CQI’s.  The net effect is that the performance becomes similar but the distributed resource blocks allocation requires less CQI feedback.
.
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Figure 3 The average user throughput when a subchannel with N=3 resource blocks are allocated to the UE and for varying number of CQI reports for localized resource blocks. 
4 Conclusion

It can be concluded that there is a need for the possibility to map a subchannel on to both distributed and localized resource blocks in the dedicated data channels using AMC and H-ARQ in the Evolved UTRA. 

Furthermore, the reported amount of CQI values to the Node B can be a large number, especially if there are many UEs and the number of CQI reports fed back per UE is large. However, as was shown in this paper, a UE with higher velocity has less use of CQI reports since similar performance is obtained by instead placing parts of the subchannel on distributed resource blocks. Also, if cell load is high, a UE might be scheduled fewer localized resource blocks than the number of received CQI reports, due to resource competition with other UE’s. 
Therefore, we propose a smooth transition between using subchannels with purely localized resource block to purely distributed resource block allocation to give the scheduler more flexibility in the resource allocation. Hence, the Evolved UTRA should allow for flexible mapping of an subchannel onto both types of resource blocks.

5 Text proposals
Here follows the text proposal for inclusion into Section 7.1.1.3 TR 25.814. Add the following sentence (red and underlined) in 7.1.1.3
--------8<----------------------8<---------------Start of text proposal -------- 8< ---------------------- 8<   
7.1.1.3
Channel coding and physical channel mapping
An encoded data block can be divided in to smaller parts. Each of the different parts can either be mapped to a resource block consisting of consecutive subcarriers or to non-consecutive (scattered) subcarriers. 
--------8<----------------------8<---------------End of text proposal -------- 8< ---------------------- 8
6 References

[1] 3GPP TR 25.814, “TSG RAN; Physical Layer Aspects for Evolved UTRA”, V0.1.1, 2005-06. 

[2]  B.Classon, P.Sartori, V.Nangia, X.Zhuang and K.Baum, “Multi-dimensional Adaptation and Multi-user Scheduling Techniques for Wireless OFDM Systems”, ICC '03. IEEE International Conference on Communications,Volume 3, 11-15 May 2003, Pages: 2251 – 2255. 
[3] R. H. Clarke, “A statistical theory of mobile-radio reception,” Bell Syst.Tech. J., pp. 957–1000, July–Aug. 1968.
7    Appendix

In this appendix, the system level simulator parameters are described. 

Table 1 Simulation parameters

	Carrier frequency
	2.0 GHz

	Bandwidth
	10.0 MHz

	Number of resource blocks (M)
	46

	Number of localized resource blocks (ML)
	23

	Cellular layout
	Hexagonal grid, 

19 cell sites, 

3 sectors per site

	Site to site distance
	1 km

	Path loss
	L = 128.1+37.6log10(R) [dB]
R in km

	Lognormal

shadowing


	Std. dev.
	8 dB

	
	Correlation
	Between

Cells
	0.5

	
	
	Between

Sectors
	1.0

	Tx Power
	43 dBm

	Antenna pattern
	70 degrees 3 dB beam width

20 dB front to back ratio

	Channel type 
	SISO Vehicular A

	UE speed
	3, 10, 15, 20, 30, 60 km/h

	UE Noise Figure
	9 dB

	Time slot frequency
	1500 Hz

	Intercell interference modeling
	Explicit modeling of 8 

most powerful interfering NodeB’s

	Traffic model
	Full queues

	H-ARQ
	Chase combining

	Max number of retransmissions
	3

	CQI feedback
	Error free, variable delay

	Number of drops
	200

	Number of time slots per drop
	Depending on the channel coherence time Tc. About 20Tc per drop.

	Modulation
	BPSK, QPSK, 16QAM, 64QAM

	Coding
	3GPP Turbo encoding and puncturing
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� For simplicity, we assume that the scheduler decides to utilize all NL subchannels for which it has received CQI information. This is however not necessary in practice. 
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