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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 were derived on the LTE workshop in Toronto. According to the agreed Text proposal RP-050155 they shall now be gathered in the Requirement TR 25.812. The agreed text proposal RP-050155 lists the requirements from which we highlight the number 3 and number 1: They are:

· Increase “cell edge bitrate” whilst maintaining same site locations as deployed today. (No. 3)
· Efficient support of the various types of services, especially from the PS domain (e.g. Voice over IP, Presence). (No. 1, former No. 15)
In order to reach spectral efficiency targets a new air interface is assumed to achieve a frequency re-use of 1 like WCDMA does.

In this document we concentrate on the downlink. In the long term all services will desirably be based on packet transmission. Considering this we conclude that the cell edge bit rate and Quality of Service (QoS) is an important criterion which leads to the proposal of OFDM with interference coordination techniques especially addressing this issue. Further we propose to avoid a soft-handover but instead go for simplified RAN architecture and protocols. After that we review the physical reasons for the differences between OFDM and CDMA in that context. Finally we propose to use OFDM with interference avoidance strategies. Two of them are summarized and compared to show their benefits and extendibility to adaptive subcarrier allocation.

2. Packet Transmission at Cell Border

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 is used for packet transmissions this means that packet retransmissions have to go over the RNC which may hazard real time services.

Now the cell edge problem can be addressed by OFDM with interference coordination techniques since OFDM can cope with the cell border situation and achieve better throughput. The approach is therefore to avoid a soft-handover and go for a simplified RAN architecture and protocols by using this property of OFDM.

So we propose that techniques of interference coordination be foreseen in an OFDM air interface (with or without power planning) to address the problem of cell edge bit rate and quality of service at the cell border. 

This will simplify the architecture and in the long term is an important method to allow for all services to be carried on packet bearers.

3. Problem Description of Frequency Re-use of 1 Systems

In networks with frequency re-use of 1 the throughput at the cell border is very much limited by the interference. Since the neighbor cell transmits 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.

Now OFDM allows for interference avoidance in contrast to CDMA. This is true since in OFDM the transmitted subcarriers are the eigenfunctions of the channel in contrast to the codes in WCDMA. So after channel transmission in OFDM the orthogonality of the individual user signals (subcarriers) is preserved. This applies also to the interfering signals.

This offers the possibility in OFDM to predict and avoid interference to improve the situation at the cell border. For that it is sensible to use frequency patterns that are allocated (or not) to users in the border region. The decision on the UE situation is thereby supported by pilot measurements reports from the UE.

Thus Interference Coordination in an OFDM frequency re-use 1 system can be done with or without adaptive pattern coordination between the Node Bs. A scheme with adaptive coordination is more flexible (it involves a negotiation in the coordination similar to CDMA soft-handover and, thus, more control effort), while a scheme without adaptive coordination requires some amount of network planning. 

4. Proposal for OFDM – Interference Coordination

To exemplify the proposals they are explained for specific approaches.

4.1. Pilot pattern distribution

To allow channel estimation in the cell overlapping region of two cells, pilot subcarriers must not be disturbed by neighbor cell (data or pilot) subcarriers. So it is assumed that pilot subcarriers have higher energy than data subcarriers and that pilot patterns in different cells are different. This also allows the identification of the cells.

4.2. User traffic patterns

In asynchronous neighbor Node-Bs time is not a dimension with which interference can be avoided. But in OFDM the frequency dimension remains as resource for interference avoidance.

Since synchronized Node-Bs cannot be assumed in the UTRAN we propose frequency patterns for the user traffic multiplexing. So the time-frequency plane is divided into (regular) frequency patterns. These frequency patterns can be constructed to be compatible with the pilots. With these patterns interference avoidance can now be done while synchronization for the Node-Bs is not required. These patterns are schematically depicted in Figure 1.
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Figure 1: Proposed frequency pattern for asynchronous Node-Bs

Each such pattern corresponds to one OFDM unit of 480 QAM symbols. We further detail it for the Set2 of physical parameters from the previous study item [1]. It consists of 11 times 4 = 44 subcarriers where the spreading over 11 blocks takes care that the frequency diversity is sufficiently exploited, further it also contains place holders to put pilot carriers in. This allows 16 of these frequency pattern in an OFDM symbol for Set2 since 16 x 44 = 704 subcarriers.

These frequency patterns (FP) are now managed by the Radio Resource Management (RRM). So the FPs are assigned to the UEs by the NodeB scheduler.

Two practical strategies how interference can be avoided are now illustrated.

4.3. Interference coordination strategy 1 (Network power planning)

For that in each cell some frequency patterns can only be used with reduced power. So the number of frequency patterns is partitioned in 
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 has reduced power in each cell according to a network planning. So in cell 
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 corresponding to the cell number is limited. For example, the number of subsets can be 
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 is now used by terminals in neighbor cells approaching 
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 from the outside. In Figure 2 for simplified denotation the cell 
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. So for example in Figure 2 if a terminal approaches the border region to another cell say 
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 where this other cell can not disturb much due to its power limitation in 
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Figure 2: Sectorized cell pattern and subset Fn allocation to terminals in border region. For simplicity the cell 
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 is denoted just 
[image: image21.wmf]n


So all terminals approaching cell 
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 from the outside get allocated frequency block 
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 by their respective serving base station as long as they are in the border region and before a handover has to take place (this is marked by red numbers 1 in the Figure).

As part of the technique this flexible allocation is realized by terminals that report back to their serving base station which other base stations are strongly received and which is the strongest. This is known from classical handover algorithms and does not require additional signalling to be introduced. It is just necessary that the base station number identifies the inhibited frequency subset. The terminal is then scheduled on the inhibited subset of that strongest interfering base station.

As can be seen from Figure 2 if one marks the strips at cell borders to the other cells also with the allocated frequency block number in the border region inside cell 
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 six subsets (2 to 7) are used. So as a result here in 6/9 of the spectrum the interference is reduced so that the SIR is strongly improved. This yields higher throughput and improved QoS. It allows serving of the UE even if it enters further in the neighbor cell or if it experiences further worsened radio conditions.

4.4. Interference coordination strategy 2 (On demand basis)

Another strategy is explained and proposed that does not need a network planning to deal with terminals approaching the cell boundary.

If the terminal 
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 as depicted in Figure 3 approaches the cell boundary between 
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 and 
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 (as indicated by the green arrow) and senses the interference from 
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 it reports this back to its serving Node-B 
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. Based on this information (and maybe other criterions such as load) by cooperation and coordination between the involved Node-Bs a set of frequency patterns (resource) gets a power restriction in base station 
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’s cell and is granted to base station 
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. So the black arrow in Figure 3 means that a resource from 
[image: image32.wmf]2

B

 is taken and assigned to 
[image: image33.wmf]1

B

.

[image: image34.wmf]B

1

T

1

B

2


Figure 3: Terminal T1 served by base station B1 and approaching base station B2. A resource from B2 is assigned to B1 to serve T1.

This set of frequency patterns is now used by Node-B 
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 to serve 
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 whereby again the SIR is strongly improved yielding higher throughput and better QoS. 

This can be done for any number of terminals in the interference regions between 
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 and 
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. So the method involves a cooperation between the Node-Bs and is somewhat more complex but this has the advantage that it is more flexible and adaptive to the traffic demand which results in higher efficiency.

4.5. Comparison

To highlight the properties a short comparison of the two techniques is given in a table:

Power Planning

On demand basis


Power planning on subsets necessary
(
No power planning in network necessary 
(

Measurement from UE necessary
○
Measurement from UE necessary
○

NodeB autonomous reaction 
(
Reaction over cooperation functionality 
(

No adaptation to concentration of mobiles at a location possible 
(
Flexible adaptation to concentration of mobiles or demand 
(

A little restriction a priori 
(
Restrictions only if required 
(

simple ( lower control effort 

flexible ( better efficiency


Now both proposed methods can as well be used together at the same time. 

In a further step it is also possible to combine both methods with adaptive subcarrier allocation or frequency scheduling techniques.

4.6. Benefit

The methods allow that the serving base station, e.g. 
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 alone schedules the packets for 
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 and no data needs to be transmitted from a central functionality (e.g. a RNC) to 
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. Since no other network element besides the serving basestation 
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 is involved this allows that the efficient fast HARQ mechanism can be used for retransmission from 
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 to 
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Consequently by the proposed techniques the architecture for a soft handover can be avoided.

With the Interference Coordination the cell edge bitrate can be increased (compared to interference averaging). Further with the coordination (esp. on demand basis) the Quality of Service (QoS) can be guaranteed to a higher extend and a UE can be served by the serving base station 
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 even in the cell region of the neighbor base station 
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.

These properties address especially the requirements No. 15 (No. 1) and No. 3 from the Requirement TR RP-05-0155.

5. Interference Coordination in Combination with Adaptive Subcarrier Allocation

In OFDM the spectral efficiency can also be improved by adaptive subcarrier allocation for stationary or quasi-stationary UEs. This is also named frequency scheduling. The allocation of subcarriers is user specific. Each UE is allocated its individual best part of the spectrum as shown in Figure 4. This multiuser diversity will make best use of the spectrum and allows OFDM to exploit the channel capacity.

As is known, feedback from the UE is required (probably more than current CQI-reporting). So feedback is foreseen to be realized with intelligent approaches, e.g. with incremental feedback.
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Figure 4: User channel transfer functions and frequency regions allocated to users in adaptive subcarrier allocation (frequency scheduling)

Now these approaches can also be combined with interference coordination techniques. This can be done for example with frequency patterns that can be changed in a pilot compatible manner between frequency diverse and frequency selective as shown in Figure 5. Here the red lines e.g. mark a comb-like frequency pattern that is thus frequency diverse. The same is true for the yellow and blue marked frequency pattern. By conversion frequency selective frequency patterns can be obtained from the frequency diverse. As a result these are then shown inserted as some green blocks that mark the frequency selective frequency patterns which can be used for subcarrier allocation. Power restrictions can now be employed for subsets of all constructed frequency patterns.

A possible usage could be, e.g., employment of frequency diverse frequency patterns mainly at cell border area or for high velocity mobiles in inner part of the cell and frequency selective patterns mainly for low velocity mobiles in inner part of the cell.
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Figure 5: Frequency pattern changeable between frequency diverse (red, yellow, blue) and frequency selective (green).

6. Summary and Conclusion

In the long term when all services should be carried on packet bearers (VoIP and packet with QoS) the cell edge bit rate and QoS at the cell edge become decisive.

Hence OFDM is proposed for the downlink with Interference Coordination techniques exemplified in this document.

Generally a soft handover is not required with the techniques proposed here. The cell-edge problem with frequency re-use of 1 can be handled by OFDM with the proposed Interference Coordination. That means that the RAN architecture and protocols could be simplified with less signal processing necessary in an RNC.

Two strategies of interference coordination were proposed and explained. They were network power planning and coordination on demand basis. 

They give the possibility to guarantee Quality of Service at cell edge and increase the cell edge bit rate. Further they can be combined with adaptive subcarrier allocation (frequency scheduling) techniques and they are independent of the radio channel bandwidth. 

The proposals for OFDM thus address two items i.e. the number 3 and number 1 from the Requirement TR RP-050155 as given below:

· Increase “cell edge bitrate” whilst maintaining same site locations as deployed today. (No. 3)
· Efficient support of the various types of services, especially from the PS domain (e.g. Voice over IP, Presence). (No. 1, former No. 15)
Consequently we think these techniques should be especially studied in the 3GPP LTE study item.

The techniques are implemented by means of OFDM resource allocation. So it has to be taken care that this technique is possible by means of OFDM resource allocation or multiplexing in the downlink concept independent of what physical parameter set (FFT size, symbol length, etc.) will be selected as optimal for certain bandwidths, assumed channel profiles and UE speeds.

So for the evaluation it is proposed that user traffic resource allocation also comprises a possibility that patterns for this kind of techniques in asynchronous networks are allocated.

Therefore in [9] a joint text proposal is given for Section 7.1.2 (Multiplexing including pilot structure) of the RAN1 internal TR
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