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1. Introduction
Two key working assumptions were made in the RAN2#58bis that impact Dynamic SFN. First, no adaptive modulation and coding (AMC) based upon AS level feedback and second, polling/counting is needed for MBSFN services. This contribution we examine whether a polling/counting based approach can provide a sufficient basis to trigger the addition of neighbouring cells to the SFA and the implications for initial MCS selection of an MBSFN.

2. Discussion

A three ring hexagonal grid layout was simulated assuming a dual port UE receiver operating in spatially uncorrelated channels in a 10MHz bandwidth. The performance criterion used was the achievable spectral efficiency at the 95% coverage level where a UE is defined as out of coverage if the simulated FER without outer coding is greater than 1%. Link impairments included receiver thermal noise, Doppler induced inter-carrier interference (ICI), the effect of delay spread in excess of the CP length and implementation losses at the eNB transmitter and UE receiver.

The goal of the simulations was to determine whether polling/counting provides a sufficient basis to trigger the addition of neighbouring cells to the MBSFN. This was achieved in two stages. In the first stage the achievable spectral efficiency of the source SFA before cell addition was determined, where the SFA consists of the upper half of the hexagonal grid layout with UEs occupying the centre cells of the upper half and where the cells comprising the lower half of the simulation space acted as interfering cells. The simulated configuration is shown in Figure 1 where UE drop locations occupy the light blue coloured region only, the SFA consists of the light blue, dark blue and green regions and the interfering cells consist of the red region.

In the second stage of simulations a UE is assumed to have migrated into the dark blue cell. In order to maintain the achievable spectral efficiency determined in the first stage of simulations, candidate cells from the interfering or red area were considered for addition to the SFA and the achievable spectral efficiency recorded. The eleven strongest interfering cells, as viewed by all locations in the dark blue cell, are numbered in Figure 1. For ease of simulation only these cells were considered during the cell addition process.
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Figure 1 - Modeling of Dynamic SFN
Two approaches to cell addition were considered. In the first, a UE is randomly dropped in the blue cell and reports the strongest 
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 interfering cells where 
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 as measured from that UEs location. 

These 
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 cells are then joined to the SFA and the spectral efficiency computed over the dark blue cell only is recorded. Table 1 shows the achievable spectral efficiency with such an approach and as indicated by the yellow background, the addition of the two strongest cells is required for Case 3 and three cells for Case 1 in order to meet the spectral efficiency achieved in stage 1. This approach represents an ideal implementation of cell selection through UE measurement reporting to the MCE.
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Metric

bps/Hz bps/Hz bps/Hz bps/Hz bps/Hz bps/Hz bps/Hz bps/Hz

Case 1

1.63 0.71 1.29 1.53 1.71 1.93 1.97 2.05

Case 3

0.75 0.52 0.69 0.79 0.85 0.86 0.87 0.87

Scenarios Step 2 (changing n cells from interfering cells to serving cells)

Step 1

Spectral Efficiency


Table 1 - Achievable spectral efficiency for measurement based cell addition
In the second approach the strongest interfering cells when considering all locations in the dark blue cell as a whole are added. This approach can be based simply on a counting mechanism. Table 2 shows the achievable spectral efficiency when adding interfering cells to the SFA. In order to maintain the spectral efficiency achieved in stage 1, the addition of three cells is required for Case 3 and five cells for Case 1.
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Metric

bps/Hz bps/Hz bps/Hz bps/Hz bps/Hz bps/Hz bps/Hz bps/Hz

Case 1 cells

1 1,2 1,2,3 1,2,3,4 1,2,3,4,5 1,2,3,4,5,6

Case 1

1.63 0.71 1.19 1.31 1.43 1.61 1.70 1.88

Case 3 cells

1

1,2 1,2,3 1,2,3,4 1,2,3,4,6 1,2,3,4,5,6

Case 3

0.75 0.52 0.62 0.70 0.78 0.82 0.84 0.84

Scenarios

Spectral Efficiency

Step 1

Step 2 (changing n cells from interfering cells to serving cells)


Table 2 - Achievable spectral efficiency for counting/polling based cell addition
In this case, although counting is seen to require more network resources to sustain the achievable spectral efficiency than measurement, continuous monitoring and signalling of measurements by the UE to the MCE as the mobile moves through the cell is not required. Furthermore, a counting based approach can be applied more generally whether one or more than one UE has joined a cell requiring a dynamic change to the SFN.

Finally RAN2 has already concluded no AS level feedback is needed for AMC. If RAN2 also concludes counting approaches are more suitable for Dynamic SFN cell addition then RAN2 should also consider applying the identical approach to MCS selection during SFN initialisation. 

3. Conclusions
This contribution compared measurement and counting/polling based approaches to Dynamic SFNs. Measurement based approaches were shown to require the addition of fewer downlink resources to the MBSFN however, given the increased uplink signalling overhead and added network complexity, an approach based upon counting/polling may be preferable. Furthermore, as RAN2#58 has already adopted the approach of avoiding AMC based upon AS level feedback, then the use of simple counting techniques to support Dynamic SFN configuration may be sufficient at this stage.
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