Page 8
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #46-bis
R1-062922
October 9th-13th, 2006
Seoul, Korea

Agenda item: 
6.3.2 

Source: 
Lucent Technologies

Title: 
Localized vs. Distributed Subcarrier Allocation for the SC-FDMA UL

Document for:
Discussion and Decision

1
Introduction

Currently, both localized subcarrier allocation and distributed subcarrier allocation are listed as possible options for the SC-FDMA uplink for E-UTRA [1]. The main reason to consider distributed subcarrier allocation is to gain frequency diversity. In this contribution we discuss methods to gain frequency diversity using localized subcarrier allocation, then list the advantages and disadvantages of distributed vs. localized subcarrier allocation considering these methods.

2
Frequency Diversity

The main reason to consider distributed subcarrier allocation in the SC-FDMA UL is to gain frequency diversity per OFDM symbol. That is, each OFDM symbol sees a (potentially) frequency selective channel, which is useful for services/situations in which frequency selective scheduling is not possible (i.e. applications with very tight latency constraints and/or UEs with high Doppler). Some of the disadvantages of using distributed subcarrier allocation compared to localized subcarrier allocation include

· Reduced channel estimation performance [2]

· Sensitivity to the residual frequency offset of individual UEs

· Sensitivity to Doppler spread

· Difficulty in multiplexing distributed subcarrier allocation users together with localized subcarrier allocation users (i.e. fracturing bandwidth)

In general, localized subcarrier allocation has been considered mainly for frequency selective scheduling, in which a group of subcarriers experiencing an up fade for a particular user in the frequency domain is assigned to that user. Frequency selective scheduling in addition to time selective scheduling leads to rich multiuser diversity. However, when frequency selective scheduling is not possible, the view has been that localized subcarrier allocation suffers from reduced frequency diversity compared to distributed subcarrier allocation. 

While localized subcarrier allocation cannot match the level of frequency diversity afforded by distributed subcarrier allocation per OFDM symbol, the use of frequency hopping with localized subcarrier allocation can increase the frequency diversity experienced over a group of OFDM symbols. Two examples are shown in Figure 1; in Figure 1(a),  the localized group of subcarriers is hopped within a TTI at the subframe boundary. In Figure 1(b) there is no hopping within a TTI, rather the hopping is done over HARQ retransmissions. The pros and cons of subframe hopping vs. TTI hopping are listed below.
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Figure 1: Illustration of frequency hopping with localized subcarrier allocation (a) hopping at the subframe rate within a TTI, and (b) hopping at the TTI rate over HARQ retransmissions

Subframe hopping:

· Pros: Gain frequency diversity per HARQ transmission (i.e., within a TTI), which may be especially useful for transmission (such as UL data non-associated control signaling) which do not benefit from HARQ, or for those applications in which it is desirable to severely limit the number of HARQ transmissions.

· Cons: Reduced channel estimation performance due to the fact that estimation can only be performed over a subframe

TTI hopping:

· Pros: Improved channel estimation performance compared to subframe hopping, as estimation can utilize information in the entire TTI (2 subframes)

· Cons: Reduced frequency diversity per HARQ transmission compared to subframe hopping. However, for applications which utilize a significant amount of HARQ, the level of frequency diversity experienced by the packet will be similar to subframe hopping.

Whether subframe hopping or TTI hopping is adopted, it is clear that localized subcarrier allocation with some form of frequency hopping provides the best of both worlds: improved channel estimation (compared to distributed subcarrier allocation) together with frequency diversity. The performance advantages of localized subcarrier allocation with frequency hopping over distributed subcarrier allocation have been illustrated in [2].

Issues remaining when considering frequency hopping are the following:

· Issue: Hopping at the subframe rate or the TTI rate?

View: Data non-associated control channels may benefit from subframe hopping. For data on the UL-SCH, need simulation study to decide between subframe hopping and TTI hopping.

· Issue: Predetermined hopping pattern or hopping under the control of the UL scheduler?

View: DL signaling benefits of non-adaptive HARQ in the UL will be preserved if a predetermined hopping pattern is chosen. If it is under the control of the UL scheduler, DL signaling will be needed for each HARQ retransmission. A compromise could be that the hopping pattern is chosen from a set of possible patterns by the UL scheduler and indicated in the initial scheduling grant.

3
Conclusions

· Do not need distributed subcarrier allocation for the LTE uplink

· Use localized subcarrier allocation with frequency hopping to gain frequency diversity when needed

· Subframe hopping may be beneficial for data non-associated control channels

· UL scheduler chooses hopping pattern for data on UL-SCH from a set of predetermined hopping patterns, indicates chosen pattern in scheduling grant.
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