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1. Introduction

The use of uplink macro diversity has to be decided for the UTRAN LTE. In order for the RAN WG2 and 3 to make progress in their discussion it was agreed in [1] to provide results form RAN1#42bis and to deliver the results to RAN2/3 on 11th October. 

In this contribution we consider specifically the uplink macro diversity benefits together with the advanced feature of Interference Coordination in the uplink [3]. Further the features of HARQ, link adaptation and power control are actually modelled. For ease of implementation of the simulation the used link layer in this contribution is based on OFDMA, according to the agreed simulation assumptions [1] for the evaluation.

2. Cell layout

For the simulation the usual sectorized cell layout as given in Figure 1 was used.
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Figure 1: Restriction planning in cell layout used for simulation

Though a sector repetition factor of 7 is expected to give a higher efficiency, due to the limited time frame for the investigation a repetition factor of 9 was used. Then a simple interference power planning with the repetition factor of 9 for the sectors of the cells was used as is shown in the Figure. Thus according to the planning, terminals 
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 that “see” a certain sector of number 
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 as their strongest neighbor concentrate their interference (if possible) on the frequency subset 
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 that is designated to be burdened in this neighbor sector 
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.

These constraints or preferences can be realized also by adaptive constraints for the uplink scheduler as captured in the RAN1 internal TR 25.814 [4]
3. Simulation conditions

The simulation conditions are given in the following table following the assumptions made in [1].

Parameter
Assumption

Bandwidth
5 MHz

TTI length
0.5 msec

Cell layout
Hexagonal grid, 19 cell sites, 3 sectors per site

Inter- site distance
1732m as default, variation of ISD if possible within the time frame

Minimum distance between UE and cell site
35 m

Antenna pattern
70-degree sectored beam

Distance dependent path loss
128.1 + 37.6log10(r)

UE transmission power
21 dBm (125 mW)

Penetration loss
20 dB

Shadowing standard deviation
8 dB

Shadowing correlation between cells/sectors
0.5 / 1.0

Multipath delay profile
6-path GSM Typical Urban

UE speed
3 km/h (fD = 5.55 Hz)

Number of receiver antennas
2

Multipath interference
Ideal suppression

Handover add and delete threshold
4 dB, 6 dB

Table 1 – System Simulation Parameters 


On the physical layer techniques it can be summarized that BLER curves from an OFDMA system using frequency diverse frequency patterns were used.

Further the following set of basic techniques were applied in the simulations

1. HARQ

· Chase combining for simplicity

· 6-channel SAW same as HSDPA (Round trip delay set to be 6TTI)

2. Scheduler

· Since the scheduler could not be elaborated given the short time frame the used scheduler is a simple list scheduler that fulfils preferences for terminals in the interference region in a simple manner. Resources are tried to be distributed equally. Terminals that are not in any interference region get allocated somewhat bigger parts of the spectrum. Thus the scheduler acts somehow like a Round Robin scheduler obeying interference coordination preferences.
· Control delay is 4 TTI same as HSDPA
· The uplink resource allocation is not done in TDMA domain only but also taking the FDMA properties into account for the interference coordination available with SC-FDMA or OFDMA.
3. AMC

· AMC is controlled only by one serving BS.
· In case of a non-serving BS, its scheduler doesn’t allocate nor reserve the resource for the UEs for which it is not the serving BS.
4. Slow Power control?

· Slow uplink power control compensating for distance attenuation and shadow fading was used.

As traffic model full buffer model from the TR was assumed.

4. Results

The experiment was carried out for the cases of not using uplink macro diversity and of using macro diversity in the uplink. In the second case uplink signals received by a neighbor base station lead to a second reception with a certain SINR. Based on the derived BLER probability the two results are combined in the sense of selection combining.

The simulations were carried out with 5 mobiles per sector on average. The result for the CDFs without and with macro diversity is given below.

[image: image6.wmf]Mobile Throughput CDF

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

500

1000

1500

2000

2500

3000

Throughput [kBit/s]

Probability

with MD

without MD


Figure 2: Results of the mobile throughput CDF using Interference Coordination

The result for the 5% CDF user throughput for both cases are given in the following table.


No Macro Diversity
Using Macro Diversity

5% CDF user througput
140 kbit/s
140 kbit/s

Sector througput
5,030 Mbit/s
5,034 Mbit/s

It is seen that the gain by macro diversity in the uplink is calculated to 0%. That is it is not measurable.

5. Conclusion

Based on this study with agreed cell layout, path loss and shadowing in case of using Interference Coordination the gain by macro diversity in the uplink is rather small as already expected. It is near 0% or it is thus not measurable here in the experiment. The curves for the whole CDF confirm these results.

So our recommendation is not to use inter-site soft handover but a proper interference coordination scheme and a very fast hard handover.

It is proposed to communicate this results to TSG RAN WG2 and WG3.
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