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1. Introduction

In networks with frequency re-use of 1 the neighbor cell terminals transmit on the same band a reception with an SIR = 0 dB has to be realized. So the uplink throughput is much limited by the interference.

Uplink Interference Coordination can be realized by scheduling the UE in uplink on certain (preferred) frequency subsets that depend on which cell (or cell number) is “seen” as nearest neighbour by the UE. This reduces the interference on other frequency bands. For reference it is referred to the contributions [1]

 REF _Ref161665083 \r \h 
[2]. 

2. Static coordination scheme 

As simple static scheme we consider interference coordination by interference power planning. 
The whole frequency band or set of all frequency blocks is partitioned into a number 
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 disjunct subsets 
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. These subsets can be localized or these subsets can correspond to a number of frequency bands each i.e. they may contain frequency diverse positioned combinations of blocks to have the possibility for frequency diversity in a frequency selective fading channel. For simplicity they are depicted as blocks over the frequency axis as given in Figure 1.
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Figure 1: 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 used. That is, in each cell a dedicated subset is selected to be burdened by intercell interference from the outside.
The planning and proposal is illustrated for sectorized cells with 3 sectors and 
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 as given in Figure 2. 
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Figure 2: 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 can also be done and was done in the simulation.

The technique is now that all terminals approaching cell 
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 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. 

Based on pathloss measurements the neighbor reception cells are identified which have to bear interference by the terminal. Similar as in downlink the strongest affected neighbor sector determines on which frequency subset the strongest interference is produced. So if cell 
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 is the nearest neighbor for 
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 the terminal is scheduled in uplink on subset 
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 with the power set by the open loop power control and if more throughput is needed, or if there are more terminals in that region they are scheduled on the other subsets 
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 to 
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 reduced power. So e.g. emission on the other subsets can be with 5 dB or 3 dB reduced power. To compensate for that in that case e.g. spreading or channel coding is adapted.

This preference in the  interference generation is shown in Figure 3.
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Figure 3: Full transmit power in preferred frequency subset, reduced power in unpreferred frequency subsets.

So either a terminal is scheduled on 
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 with full transmission power 
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 set in this position by the open loop power control or if there are more terminals in this neighbour region, they are at the same time scheduled with reduced power 
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 but on more frequency subsets e.g  
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. In this case the larger spectrum allocation compensates for the reduced power spectrum density (PSD) to get the same terminal bit rate for these terminals.
So in effect this removes or reduces the interference on all not dedicated subsets 
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 to 
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 of cell 
[image: image29.wmf]1

 which can now be used in cell 
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 uplink with improved SIR.

This way a concentration and coordination of interference to an interference profile is achieved.

As one can see from Figure 2 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 adaptively based on neighbourhood. For the scheduling the DL pathloss measurements used for handover are evaluated for the decision.

3. Impact on Design of Scheduling grant in Control Channel

It is expected that the uplink scheduling grant in L1/L2 Control channel will contain the uplink resource allocation which allows allocation of preferred and unpreferred frequency subsets. 

The uplink transmission will then be done with a transmission power around the set point obtained by open loop power control.

As has been seen there is the need to allocate unpreferred frequency subsets also. So in order to realize the Uplink Interference Coordination system it is necessary that in case of unpreferred frequency allocation also a lower PSD allocation (e.g. with 3dB or 5dB reduction) is signalled to the UE together with a wider spectrum allocation. This can be realized already with a small power grant having only few levels and consisting only of e.g. 2-3 bits.

So we propose that the UL scheduling grant includes such a PSD_offset for realization of uplink Interference Coordination. 

It is also useful for other purposes as the closed loop correction of the open loop set point. Especially it is useful to make a fast correction of the open loop uplink power (FDD) after initial uplink packet transmission following an idle time. This is especially the case if there is more bursty uplink traffic expected in the E-UTRA system.

4. Simulation Results

4.1. Cell layout

For the simulation the usual sectorized cell layout as given in Figure 4 was used. Here the number 
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 in each sector indicates the frequency subset 
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 dedicated to be burdened. For this planned distribution a re-use factor of 7 is used. 
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Figure 4: Preference (or burden) planning in cell layout used for simulation

4.2. Experiment

The experiments were carried out with diverse frequency patterns and single antenna stream with 2 Rx  for the case 1 (500m ISD) defined in Table A.2.1.1-1 [3]. According to the requirements the 5%il mobile rate was taken from the mobile throughput CDF. 

Using the agreed system simulation assumptions and methodology, the mobile user throughput, average user throughput and 5%ile of the CDF and the sector throughputs were obtained using 30 mobiles per sector. 

The systems with and without Uplink Interference Coordination are compared in a reduced system simulation. In both systems a scheduler is used that tries to increase the sector throughput under a minimum terminal bitrate constraint. At the maximum 5%il the scheduler is at its limit to allocate resources evenly to all terminals and a saturation occurs.

The simulations were performed to investigate the gain in total spectrum efficiency of static interference coordination. The values are intended here more for a relative comparison and not for an absolute, since in both cases the same settings are used.

The performance values are depicted as graphs of 5%il mobile rate against sector throughput and shown in the following figure. By dividing the 5%il mobile user throughput by the per terminal bandwidth a normalized 5%il user throughput is derived that is independent of the number of terminals. 
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Figure 5: Performance of Uplink interference Coordination with “inverted re-use 7”

In the simulation a power control using a target reception power was used. 

The system with no Inter-cell Interference Coordination is shown with red squares and the scheme with Interference Coordination is shown with blue diamonds.

It is shown that the system with Interference Coordination achieves here higher sector throughput in high cell edge bit rate cases.

It can be seen that with the Interference Coordination scheme an improved mobile (or sector throughput) of 18% can be achieved. This gain is now a gain on average. 

In connection with the LTE performance verification checkpoint a further simulation in another scenario was carried out. Here a frequency selective scheduler was used and a re-use 9 for the preferences was build up. The power control was based on path loss differences as given in [8]. The results are given in table 1 and table 2.

Table 1: Uplink full queue system evaluation results for Simulation Case 1

	Metric
	2a) Avg cell throughput and spectrum efficiency 
	2b) Avg user throughput and spectrum efficiency 
	2c) Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz)


	1.4 Mbps

0.28 bps/Hz/cell
	0.14 Mbps

0.028 bps/Hz/user
	55 kbps

0.011 bps/Hz/user

	E-UTRA baseline 
Rx Div (1x2)


	7.4 Mbps

0.74 bps/Hz/cell 

(2.6x Rel’6)
	0.74 Mbps

0.074 bps/Hz/user 

(2.6x Rel’6)
	305 kbps

0.0305 bps/Hz/user 

(2.8x Rel’6)

	E-UTRA with Interference Coordination*
	8.4 Mbps

0.84 bps/Hz/cell (3x Rel’6)
	0.84 Mbps

0.084 bps/Hz/user (3x Rel’6)
	295 kbps

0.0295 bps/Hz/user (2.7x Rel’6)


Table 2: Uplink full queue system evaluation results for Simulation Case 3

	Metric
	2a) Avg cell throughput and spectrum efficiency
	2b) Avg user throughput and spectrum efficiency 
	2c) Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz)


	1.4 Mbps

0.28 bps/Hz/cell
	0.14 Mbps

0.028 bps/Hz/user
	15 kbps

0.003 bps/Hz/user

	E-UTRA baseline 
Rx Div (1x2)


	6.8 Mbps

0.68 bps/Hz/cell 

(2.4x Rel’6)
	0.68 Mbps

0.068 bps/Hz/user 

(2.4x Rel’6)
	65 kbps

0.0065 bps/Hz/user 

(2.2x Rel’6)

	E-UTRA with Interference Coordination*
	7.1 Mbps

0.71 bps/Hz/cell (2.5x Rel’6)
	0.71 Mbps

0.071 bps/Hz/user (2.5x Rel’6)
	65 kbps

0.0065bps/Hz/user (2.2x Rel’6)


* Uplink interference coordination technique is based on the method described in R1-060667, using a 1/9 reuse pattern and a 3 dB PSD reduction for edge UEs which are scheduled to transmit in a non-preferred resource unit. Edge UEs are classified as those which have a path loss difference of less than 6 dB between the serving cell and the strongest neighbor cell.

For the small cell radius this clearly confirmed with a valuable 14% sector throughput gain for same 5%il cell edge bit rate the expected performance gains and the performance of this scheme.

5. Summary and Conclusion

Interference Coordination for the uplink has been recapitulated. In these systems terminals shall generate an interference power profile. For this, preferred frequencies are scheduled with power according to open loop set point and unpreferred frequencies with respectively reduced power.

The implementation of these methods by the uplink scheduler has been reviewed and it has been analyzed that in order to realize Uplink Interference Coordination systems, it is necessary that in case of unpreferred frequency allocation also a lower PSD allocation (e.g. with 3dB or 5dB reduction) is signalled to the UE together with a wider spectrum allocation.

Simulation results have shown the improvement potential in a reduced system simulation showing substantial gains for high cell edge bitrate scheduling.
So it is concluded that it is necessary that the uplink scheduling grant contains a PSD_offset allocation for realization of Uplink Interference Coordination. It can be realized already with a small power grant having only few levels and consisting only of e.g. 2-3 bits. Generally this grant should be dimensioned to cover also semi-static Intercell Interference Coordination methods. 

So we propose that the uplink scheduling grant in the PDCCH (L1/L2) contains a PSD_offset.

This is also useful for the immediate correction of the open loop set point after a first uplink packet transmission following an idle time since the open loop set point (e.g. FDD) probably needs a correction.
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