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1. Introduction

Two different transmission modes are currently considered for the E-UTRA uplink, see also Figure 1.

· Localized transmission, where the transmission from a certain UE is confined to a single continues frequency band

· Distributed transmission, where the transmission from a certain UE is spread over a wider bandwidth with transmissions from other UEs “interleaved” in between.

The two transmission modes have different characteristics

In case of localized transmission, the channel is less frequency-selective over the instantaneous transmission bandwidth, especially in case of lower data rates and corresponding more narrow transmission bandwidths. This implies both benefits and drawbacks:

· Less frequency diversity (-)

· Potentially larger gains from channel-dependent scheduling (+)

· Improved channel-estimation performance for a given reference-signal energy (+)

In case of distributed transmission, the situation is basically the opposite. Due to the larger channel frequency selectivity over the instantaneous transmission bandwidth, distributed transmission is characterized by

· Additional frequency diversity (+)

· Less benefits from channel-dependent scheduling  (-)

· Reduced channel-estimation performance, alternatively more reference signal energy needed (-)

Distributed transmission also suffers from a higher degree of sensitivity to different types of frequency errors, including Doppler spread. This also implies that distributed transmission may imply higher requirements on uplink power control and uplink time alignment. 

In addition, both localized and distributed FDMA potentially suffer from limited interference diversity. The reason is that, in a given sub-frame, an uplink radio link may be interfered by a single radio link from each neighbor cell. Thus, the interference experienced by a radio link may vary significantly depending on the activity and exact position of UEs in neighbor cells.
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Figure 1
2. Localized transmission with frequency hopping

An alternative uplink transmission scheme is localized transmission with frequency hopping. Localized transmission with frequency hopping will avoid some of the drawbacks of distributed transmission, such as sensitivity to frequency errors, while, at the same time, offer improved possibilities for frequency diversity compared to localized transmission without frequency hopping. Frequency hopping can also alleviate some of the issues related to the lack of interference diversity of currently assumed localized and distributed transmission schemes.

One can consider two approaches to uplink frequency hopping:

· Hopping on a 0.5 ms sub-frame basis (inter-sub-frame hopping)

· Hopping within a 0.5 ms sub-frame (intra-sub-frame hopping)

Inter-sub-frame hopping may not imply any substantial changes compared to what is currently assumed as it is currently assumed that a UE could be scheduled different uplink frequency-domain resources on a per-sub-frame basis. It should be noted though that in order to fully benefit from inter-sub-frame frequency hopping in terms of diversity, channel coding and interleaving should be carried out over multiple sub-frames.

Due to the availability of only two short blocks per sub-frame, intra-sub-frame frequency hopping is limited to hopping between two frequency blocks within one sub-frame, see Figure 2. In this case, only one short block can be used for channel estimation within each frequency band, compared to two short blocks in case of localized transmission without frequency hopping. Thus, localized transmission with frequency hopping will lead to somewhat higher reference-signal overhead, alternatively a somewhat reduced channel-estimation performance, compared to localized transmission without frequency hopping. This is an immediate implication of the additional frequency diversity with frequency hopping. It should be noted that distributed transmission faces the same drawback, but worse.
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Figure 2: Localized transmission, no frequency hopping vs. intra-sub-frame frequency hopping

It should be noted that, although frequency hopping should be limited to two frequencies per sub-frame, one could consider more than one hop per sub-frame as illustrated in Figure 3. In the specific case illustrated in Figure 3, the reference signal within the first short block provides a channel estimate for the demodulation of LB1, LB3, and LB5, while the reference signal of the second short block provides a channel estimate for the demodulation of LB2, LB4, and LB6. The multi-hop approach of Figure 3 could provide additional diversity compared to a single hop, assuming different hopping patterns for neighbor cells. 
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Figure 3
It could be argued that the frequency-hopping structure of Figure 3 would imply reduced channel tracking performance at high Doppler, compared to case of a single hop per sub frame. However, it should then be noted that this would only be the case when the channel, due to Doppler spread, varies substantially during one sub-frame. In that case there will obviously be substantial (time) diversity also for localized transmission without frequency hopping, i.e. frequency hopping would not be needed in this case.

3. Summary and conclusion

Table 1 summarizes the characteristics of the different uplink transmission schemes. It can be seen from this table that at least in the case when channel-dependent scheduling is not used, localized transmission with frequency hopping could be good candidate transmission scheme for the uplink, offering the possibility for both frequency and interference diversity without the increased sensitivity to frequency errors associated with distributed transmission. Channel-dependent scheduling may be difficult or undesirable e.g.

· when the channel is varying relatively rapidly or

· in case of lower-rate services for which the signaling associated with channel dependents scheduling may not be justified, such as e.g. VoIP.

Thus we propose that localized transmission with frequency hopping should be considered as a complement to L-F-FDMA (without frequency hopping) for the E-UTRA uplink data transmission. That would also imply that D-FDMA would not be required for E-UTRA uplink data transmission.

	
	Frequency 
diversity
	Channel-dependent scheduling
	Channel estimation
	Interference diversity
	Frequency errors

	Localized – no FH
	Bad
	Good
	Best
	Bad
	Good

	Distributed
	Best
	Bad
	Bad
	Bad
	Bad

	Localized – FH
	Better
	Bad
	Better
	Good
	Good


Table 1
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