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1 Introduction
Downlink cell edge performance targets are set forth in [1].  Specifically, it is stated in the “User Throughput” section (7.1) that:
Downlink

Target for user throughput per MHz at the 5 % point of the C.D.F., 2 to 3 times Release 6 HSDPA.

Target for averaged user throughput per MHz, 3 to 4 times Release 6 HSDPA Both targets should be achieved assuming Release 6 reference performance is based on a single Tx antenna at the Node B with enhanced performance type 1 receiver in UE whilst the E-UTRA may use a maximum of 2 Tx antennas at the Node B and 2 Rx antennas at the UE.

The supported user throughput should scale with the spectrum bandwidth.

Some techniques which may assist with this cell edge requirement are:
1. improved UE receiver technology or modulation type (technologies capable of removing intra-cell interference are likely to show some gain over Rel-6, due to the fact that the benchmark Rel-6 performance assumes an advanced receiver type I (Rx diversity, with RAKE typically assumed))
2. employment of re-use for cell edge users
a. dynamic re-use (requires centralised scheduling, or significant co-ordination between “de-centralised” schedulers)

b. partition re-use where downlink resources are reserved for various degrees of (potentially soft) reuse (e.g. 1, … 3).  Using the same partitions across cells allows for decentralised scheduling architectures.
3. cancellation of intercell interference (whilst maintaining a reuse of 1)
4. link improvements (better coding, MIMO, etc…)
Within this document, we analyse the system performances of some of the above in relation to their ability to attain the requirement of [1].  Specifically, techniques 1, 2b and 3 are studied.
It is acknowledged that link improvements (specifically MIMO) may also help to increase cell edge rates, although the performance gain of MIMO tends to be lower for low UE geometries (cell edge) than for higher geometry cases.  Cell edge gains derived from MIMO are not presented in this paper.
2 Simulation Description

Users were dropped onto a 19-site, tri-sectored layout.  Parameters were as listed in Table 1.  These are in-line with [2] with the exception that the system bandwidth of 5MHz was retained (rather than 10MHz) to facilitate a fairer comparison with Rel-6.
Table 1
	Parameter
	Value
	Comment

	Carrier frequency
	2GHz
	

	System bandwidth
	5MHz
	

	Cells
	57
	19 site, tri-sectored

	Traffic model
	Full buffer
	

	Scheduling
	Resource-fair round-robin
	

	Link Adaptation
	Perfect
	Immediate knowledge and response to channel fading assumed

	Modulation
	QPSK and 16-QAM
	

	Coding
	1/3 turbo
	HS-DSCH transport channel processing

	SHO
	Off
	HS-DSCH assumed

	Log Normal Fading
	8dB standard deviation
	

	Channel profile
	GSM Typical Urban, 3kmph
	

	Basestation transmit power
	43dBm
	

	Fractional power available for data
	65%
	Overheads (from [2]):
10% CPICH
10% (SCH, P-CCPCH, S-CCPCH)
5% (HS-SCCH)
10% ({F}DPCH)

	Codespace available for data
	12/16 (=0.75)
	25% allowed for common and DPCH code resources

	Intersite distance
	500m
	

	Building penetration loss
	20dB
	

	Antenna pattern
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	Basestation antenna gain
	14dBi
	

	UE antenna gain
	0dBi
	

	Pathloss model
	128.15 + 37.6 log10(distmetres)
	

	UE Noise Figure
	9dB
	

	Tx antennas (basestation)
	1
	

	Rx antennas (UE)
	1 and 2
	


With the above assumptions, simulations were performed to investigate and compare the following methods for increasing cell edge data rate:

· Cancellation of varying degrees of home cell and neighbour cell interferences at the UE receiver
· A variable “partition” re-use scheme suitable for decentralised scheduling

2.1 Interference Removal

Here, it is assumed that the UE is able to cancel a proportion of the home-cell power and a proportion of zero, one or two neighbour cells.  The proportion of home (intra) cell power cancelled was controlled via the parameter H_eff ranging from 0 (no cancellation) to 1 (full cancellation).  Note that this also represents the case in which the modulation itself is robust against intracell interference (e.g. OFDM).  The number of strongest-neighbour cells removed per TTI is denoted N_neigh, taking the values 0,1,2.  A fraction of the power from each of the N_neigh neighbour cells was considered to be removed, and this is denoted N_eff, again having range 0…1.

The fast fading channel envelope was simulated from each UE to each cell.  For each TTI the instantaneous C/I was calculated and a corresponding data rate was derived assuming QPSK and 16-QAM modulations are available for selection and assuming 1/3 rate turbo coding with HS-DSCH transport channel processing.  A target BLER of 10% was assumed.
The generic receiver structure was thus as shown in Figure 1.
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Figure 1
Several simulation scenarios were considered as follows:

Table 2
	Simulation identifier
	Number of UE antennas
	H_eff
	N_neigh
	N_eff
	Scenario

	A
	1
	0.5
	0
	n/a
	Rel-6 RAKE, single antenna

	B
	2
	0.5
	0
	n/a
	Rel-6 benchmark (advanced receiver type I)

	C
	1
	0.9
	0
	n/a
	Rel-6 LMMSE (FDD) (advanced receiver type II)or Joint Detection (TDD)

	D
	2
	0.9
	0
	n/a
	LTE, no intercell interference cancellation

	E
	2
	0.9
	1
	0.9
	LTE, intercell interference cancellation of 1 cell

	F
	2
	0.9
	2
	0.9
	LTE, intercell interference cancellation of 2 cells


For each simulation, a CDF of user TTI data rate was collected and the cell edge rate (at the 5% point of the CDF) was evaluated.  The mean sector throughput was also calculated.
2.1.1 Simulation Results (Interference Removal)
The CDFs of achievable UE data rates for each of the simulation cases A,B,C,D and E (from Table 2) are shown in Figure 2 below:
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Figure 2
The corresponding cell edge data rates (5% CDF) and sector throughputs are listed in Table 3.  The performances relative to the Rel-6 benchmark case B (advanced receiver type I) are also listed:
Table 3
	Case
	Cell Edge Data Rate
	Cell Edge Rate relative to case B
	Sector Throughput
	Sector Throughput relative to case B

	A
	330 kbps
	×0.39
	1280 kbps
	×0.56

	B
	835 kbps
	×1.0
	2297 kbps
	×1.0

	C
	430 kbps
	×0.51
	2325 kbps
	×1.01

	D
	1040 kbps
	×1.25
	3629 kbps
	×1.58

	E
	1500 kbps
	×1.80
	4354 kbps
	×1.90

	F
	1920 kbps
	×2.30
	4797 kbps
	×2.09


These results show that interference cancellation of 90% of the power of the strongest two neighbour cells on an instantaneous basis would be sufficient to provide a cell edge data rate improvement of 2.3 times the release 6 benchmark case, whilst simultaneously enabling a doubling in sector throughput.  Note that this is achieved with a single Tx antenna at the Node-B and that further gains may result from the use of two Tx antennas.
2.2 Variable Re-use

An optimum deployment of variable re-use would require significant cross-site co-ordination between cells (effectively a centralised scheduling approach).  This has relatively major architectural impacts on the rest of UTRAN and hence, for the time-being, does not form the basis of our assumptions.
As an alternative, a simpler partitioned re-use scheme was studied in order to gain some basic insight into the benefits of variable re-use in a decentralised scheduling model (a scheduler exists for each cell and knowledge of scheduling decisions in other cells is not known).  Thus, the need for inter-site communication and co-ordination is avoided.

The partitioned re-use scheme is one in which a portion of the total downlink resource space is assigned to N=1 re-use, and the remainder to N=3 re-use (suiting well the tri-sectored deployment considered in Table 1).  One can conceive of further refinements to this model, for example, having an increased number of partitions assigned to intermediate degrees of re-use, so-called “soft” reuse.  However, it is anticipated that this simple single-partition re-use case should provide some insight into the general behaviour.
UE’s are assigned N=1 or N=3 resources based upon a simple geometry threshold.  For the purposes of this simulation, a geometry threshold of 0dB was selected, corresponding to approximately 30% of users being allocated to N=3 resources and 70% to N=1 resources.
It becomes apparent here that there is a resource segmentation effect to consider for variable reuse schemes operating under a decentralised scheduling model.  Because no co-ordination between cells is assumed, the resource partitions must remain relatively static and be the same in each cell across the local area.  It is therefore non-responsive to independent loading and the active user geometry distribution in each cell.  It is however possible that this may be alleviated for real traffic models (i.e. other than the full buffer model assumed here), by allowing an N=1 user to use N=3 resources if they were currently under-utilised, and vice versa.  It is also conceivable that a single UE could be allocated both N=1 and N=3 resources.  Such schemes have not been evaluated here.
Simulations were run for multiple resource split points and the achievable UE rates, sector throughputs and 5% CDF UE rates were logged.
The LTE UE was assumed to be capable of cancelling 90% of the intra-cell interference (H_eff=0.9) and 2 Rx antennas were assumed.

2.2.1 Simulation Results (Partitioned Reuse)
The CDFs of achievable UE data rates are plotted in Figure 3 as the fraction of bandwidth resource assigned to N=1 users was varied from 0.1 to 0.9.
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Figure 3
The cell edge (5% CDF) rates are plotted in Figure 4 along with the average sector throughputs.

[image: image6.emf]0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1500

2000

2500

3000

3500

4000

4500

Mean Sector Throughput (kbps)

Fraction of BW resource assigned to N=1 carriers

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

100

200

300

400

500

600

700

800

Fraction of BW resource assigned to N=1 carriers

Cell Edge Rate (kbps)

cell edge rate at 5% CDF

Mean Sector Throughput


Figure 4
The simple partition re-use scheme seems unable to improve upon the Rel-6 benchmark.  Although this result is surprising, it may be explained as follows…
If we analyse the mean C/I gain that would be observed for the users with <0dB geometry (i.e. those selected for N=3) when transferring each of those UE’s from N=1 to N=3, we obtain the following CDF (see Figure 5).
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Figure 5
These users represent 27% of the total user population.  The CDF passes through the 5% (of total population) point at a C/I gain of 5.5dB.  Assuming a fixed coderate, this equates to a rate increase of 3.5 times.  However, to attain this C/I gain we have to use N=3 re-use and so only a third of the bandwidth resource is available.  Thus, dividing by 3 we obtain only a marginal net rate increase of (3.5/3 = 1.16) times.  As such, the rate of 5% of total users (who all also have less than 0dB geometry) is not improved by implementing N=3 reuse due to those users being significantly interfered with by same-frequency cells.

The result is also surprising in light of the fact that the LTE UE was able to cancel 90% of intracell interference compared to 50% in the Rel-6 case.  The likely reason here is that at the edge of the cell, the system is intercell limited and so improvements to the receiver (or modulation scheme) that remove intracell interference are not able to help much with cell edge data rates (note: this is also observed when comparing cases A and C of the previous section – the cell edge rates are not greatly improved via the use of an intracell-cancelling receiver).
The partition re-use scheme studied is also hindered by the resource partition itself.  Without partitioning (i.e. in the case of pure N=1 re-use), a user may be granted the entire downlink resources whereas in the partitioned case, a user may be granted only a certain fraction of that resource (although as mentioned, this could be improved upon by more complex scheduling strategies).  That is to say that even though the C/I seen by users at the cell edge is improved (via the reuse), the resources available to those users is reduced by:

· The reuse factor (only 1/3 of the bandwidth is available)

· The partition split (resource is reserved for other reuse tiers in the decentralised scheduling model)

This therefore helps to further explains why the particular partition-reuse scheme studied performs worse than the Rel-6 benchmark.
3 Conclusion

Several techniques for improving the downlink cell edge data rates for LTE have been studied and their performances compared against the LTE requirement of 2-3 times the Rel-6 benchmark cell edge rate using an advanced receiver type I.
Techniques studied included intracell interference cancellation (reuse 1), intercell interference cancellation (reuse 1) and reuse partitioning (reuse 1 together with reuse 3).
Simulation results suggest that:

· intracell interference cancellation (enabled by means of modulation type or receiver technology) does not significantly improve the cell edge data rates, due to the fact that users at the cell edge are limited by interference from other cells
· cancellation of 90% of intercell interference power from 2 neighbour cells would be sufficient to provide 2.3 times the cell edge rate at the 5% CDF point

· the basic partition-reuse scheme studied was not capable of improving the rate at the 5% CDF point
Based upon these results the following recommendations are made:

· Cancellation of intercell interference on the downlink should be studied within the LTE study item as a promising technique to meet the LTE cell edge and sector throughput requirements

· For variable reuse schemes in a decentralised scheduling model, some consideration should be given to the possible resource blocking effects of establishing resource partitions.  Investigation into the performance of variable reuse with realistic traffic models may help to improve scheduling strategies for these schemes
· For variable reuse schemes in a centralised scheduling model, the impacts on RAN architecture should be taken into account
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