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1. Introduction

In the 3GPP study item on Long Term Evolution multiple access schemes have to be evaluated that shall be used for uplink and downlink. Important criteria for the evaluation of the schemes and requirements on the performance are now given in the requirement technical report TR 25.913 [1]. 

The requirements on:

· “cell edge bitrate” (Sect. 7.1) 
· throughput  (Sect. 7.1)
· Efficient support of the various types of services, especially from the PS domain (e.g. Voice over IP, Presence , real-time video, etc.).  (Sect. 12.2)
in uplink have to be reached. In the long term all services will desirably be based on packet transmission. Considering this we conclude that also in uplink the cell edge bit rate and Quality of Service (QoS) is an important criterion.

In [4] we have proposed interference coordination for the downlink which addresses the above requirements. 

In order to improve spectral efficiency a new uplink scheme should be orthogonal. This is also reflected in the majority of proposals [8] as e.g. single carrier FDMA or OFDM. Now interference in an orthogonal access scheme is predictable, designable and avoidable. So there is also the possibility to coordinate the interference. 

In order to reach spectral efficiency targets a new air interface is assumed to achieve a frequency re-use of 1 like WCDMA does. So there is the problem of strong intercell interference and an SIR of approximately 0 dB for uplink transmission at the cell border.

In this contribution we want to present interference coordination schemes for the uplink of a single frequency network (SFN) in a similar way as we already presented schemes for the downlink. We first briefly describe the interference situation in the uplink. Then we describe solutions for the uplink using interference coordination. We point out the advantages and finally come to summary and conclusions.

2. Uplink Interference Situation at cell border

In networks with frequency re-use of 1 the uplink throughput at the cell border is very much limited by interference if interfering terminals in neighbor cells are present. Since the neighbor cell terminals transmit on the same band a reception with an SIR = 0 dB has to be realized. So the interference by the neighbor cell limits the throughput.

The situation for the uplink in a multi-cell single frequency network where the interference in the uplink can be avoided is shown in Figure 1. 
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Figure 1: Interference situation in the uplink for Terminals at the cell border in an SFN

This could be an OFDM system for the uplink or e.g. a single carrier system with cyclic prefix and frequency domain equalization, where the different carriers are distributed to the terminals.

If synchronization for the cells can not be assumed, interference avoidance has to be based only on distribution of different frequencies and not on distribution of different time slots.

In case of OFDM the terminals in a cell use different frequency patterns to achieve multiplexing of the terminals. In case of FDMA they use different frequency bands.

If a terminal uses a certain frequency pattern (or frequency band) for data transmission to its base station this frequency pattern (or frequency band) is also used in the neighbor cell for another uplink connection. So e.g. if terminal 
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 uses a frequency pattern to send to base station B and near to the cell border (of the cell) the terminal
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 in a neighbor cell uses this same frequency pattern to transmit to base station A, the base station B experiences interference from 
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 if it tries to receive the frequency pattern from its client terminal 
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By using the possibility of an orthogonal scheme to manage the interference, we now want to look at a strategy how this can be exploited.

3. Solutions for the Uplink using Interference Coordination

As relatively simple scheme we concentrate on interference coordination by network interference power planning for the uplink. 

The whole frequency band or set of all frequency patterns is partitioned into a number 
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 disjunct subsets 
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. These subsets can correspond to a number of frequency patterns each i.e. they may contain frequency diverse frequency patterns to be robust against a frequency selective fading channel. For simplicity they are depicted as blocks over the frequency axis as given in Figure 2.
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Figure 2: Partitioning of OFDM frequency band in R disjunct subsets Fn 

The number 
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can be 
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 for example.

Then an uplink interference power planning is proposed. This is induced by the use of frequency patterns out of the frequency bands by the terminals of a specific cell. That is, in each cell a dedicated subset is selected to be burdened by intercell interference.
The planning and proposal is illustrated for sectorized cells with 3 sectors and 
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 as given in Figure 3. 
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Figure 3: Sectorized cell pattern (freq. re-use 9) and subset Fn allocation to terminals in border region. For simplicity the cell 
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 is denoted just 
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This way it is achieved that a cell is surrounded by neighbors with a different cell number.(A re-use of R=7 is also assumed to be possible).

The technique is now that all terminals approaching cell 
[image: image16.wmf]1

 from the outside get allocated frequency subset 
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 for the uplink by their respective serving base station as long as they are in the border region and before a handover has to take place. 

The allocation can be based on uplink interference measurements: 

· Then an affected base station (e.g. base station of cell 
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) identifies from which cell on which frequency patterns (band) at what time the interference comes and with what strength (or causing what degradation) it comes. 

· By signalling to the serving base station for that terminal 
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 (here base station of cell 
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) this serving base station now gathers the reports about interference caused by its terminal 
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 and finds the strongest affected neighbor base station. 

· The serving base station now helps this strongest affected neighbor base station, say base station of cell 
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 by scheduling terminal 
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 in uplink on frequency patterns of the dedicated burdened frequency subset 
[image: image24.wmf]1

F

 of cell 
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This removes the interference on all other subsets 
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 to 
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 of cell 
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 which can now be used in cell 
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 uplink with improved SIR.

The mentioned interference measurement will be supported here by cell specific uplink pilots. 

The avoidance of interference can also be supported by a power limit for 
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 observed in uplink by terminals when using 
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 in cell 
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. In consequence the subset (band) 
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 inside cell 
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 can only be used by terminals near to the antenna of 
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 (and interference in 
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 coming from outside terminals can be tolerated to a considerable extent).

Several approximations in this solution can now be considered. One of that is described in the following:

In a simplified version of the technique, the signalling between the base stations can also be avoided. Then the terminals predict on their own in advance where they will create degradation based on the approximation that their downlink interference or path loss measurement is reciprocal to their uplink interference generation. A terminal will then signal its serving base station the measurements about the downlink reception. So the terminals report which other base stations are strongly received and which is the strongest. It will then demand appropriate uplink scheduling to create interference only in the restricted frequency group. This also results in a reduction of the uplink interference on each base station in the not restricted resources and does not need signalling between base stations. These downlink reception measurements are also known from classical handover algorithms.

As one can see from Figure 3 if one marks the strips from the other cells also with the allocated frequency block number all frequencies in uplink are evenly used over the area of multiple cells with full symmetry giving a near optimum resource usage (for evenly distributed terminals) assuming isotropic propagation conditions. Additionally looking at the surrounding of cell 
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 the frequency block 
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 is used from all surrounding terminals from neighbor cells. So, as is the goal, the interference from the outside terminals on base station 
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 is concentrated on frequency block 
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 and reduced on the other blocks.

So terminals are scheduled in uplink to concentrate interference on a dedicated frequency subset. 

This limits the availability of uplink frequency subsets for terminals in that region. This can be alleviated by extending the given solution to distribute frequency subsets between cell regions on demand under observation of the interference influence. (?This requires some signalling). So if e.g. all terminals gather at the border between two cells, the cell uplink frequency subsets or uplink frequency patterns have to be distributed between terminals of the two cells. So also in this case the uplink interference can be coordinated to improve the SIR or throughput.

4. Advantages

With the proposed uplink interference coordination all frequencies are unaffected in the inner circle. Restrictions by network planning and coordination only take place in the border regions where the availability of the frequencies is only slightly (e.g. 6/7 or 6/9) and not massively (e.g. 1/7 or 1/9) reduced.

By using the proposed approach an OFDM system or a single carrier FDMA system can have full cell coverage for all and especially moving mobiles. Comparing to a solution (equivalent to CDMA) where there is a different frequency hopping in different cells and only few patterns (1/16 –2/16) can be used for all terminals at the cell border, the solution promises higher throughput by this planning.

So the technique can be considered as some kind of interference power planning. This can be illustrated in a figure if one depicts the interference burden in the uplink of e.g. cell 
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. If there would be no interference coordination the uplink usage of frequency patterns would be evenly distributed and all frequency subsets 
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 to 
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 would be evenly burdened by interference (measured at base station of cell 
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 antenna) as shown by the green dotted line in Figure 4. Now if interference coordination would be ideal and the interference signalling or measurement would be ideal, the interference in 
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 is highly increased and the interference in 
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 to 
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 is strongly decreased as given by the red dotted curve. Now in the realistic case there is still interference influence “across the edges” e.g. terminals using subset 
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 in cell 
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 at the border to 
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 still make interference in cell 
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 on 
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. Further the measurements will not be ideal. So the realistic case is depicted as black line in Figure 4. 
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Figure 4: Interference burden distributed over the frequency subsets 
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. Green without coordination, red ideal coordination, black with realistic coordination

That means the interference in 
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 to 
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 is not ideally reduced but still when looking at the black line it is considerably reduced compared to the case of no interference coordination. This reduction of interference gives an improved SIR which leads to higher uplink throughput especially at the cell edge.

When looking at the cell pattern it can also be seen that the serving range of a terminal is enlarged at the border when using these techniques. So the solution helps in avoiding the need for macro diversity in uplink.

5. Summary and Conclusion

The inter-cell interference aspects have been considered for an orthogonal uplink scheme such as OFDM or localized or distributed FDMA. In these schemes interference can be avoided also in the uplink. 

Considering the tasks of the new air interface in the long term (even in coexistence with WCDMA) it is expected that all services should be carried by packet bearers e.g. VoIP and packet with QoS. 

For a new air interface we assume that a frequency re-use of 1 should be approximated. The cell edge transmission then suffers from a very low SIR. In that case the cell edge packet transmission becomes a problem in order to guarantee that such a connection does not break. Thus the cell edge bit rate and the QoS at the cell edge e.g. for guaranteeing a high number of seamless service connections becomes decisive.

In WCDMA (and e.g. voice connections) there is a soft-handover to address this issue. If a soft handover or macro diversity is used for packet transmissions this means that combining of tranport blocks or packets have to be done in the RNC.

Now the cell edge problem can be addressed in an orthogonal uplink scheme such as OFDM or FDMA with interference coordination techniques. This leads to better throughput. Further the serving range of a terminal is enlarged at the border when using these techniques. So the solution helps in avoiding the need for macro diversity in uplink.

So we propose that techniques of interference coordination be foreseen in an new uplink access scheme to address the problem of cell edge bit rate and quality of service at the cell border. 

So we propose a corresponding text proposal for the RAN1 internal TR.
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