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1. Introduction

During the RAN2#56 meeting in Riga, an LS was addressed to RAN1 requesting information on the
number of guard and assisting® cells required for efficient SFN operation and on the efficiency of the
following radio techniques [1] for E-MBMS:

Technique 1: Normal PTP Radio Bearer

Technique 2: SFN soft combining

Technique 3: Single cell PTM - No Interference Co-ordination of neighbour cells

Technique 4: Single cell PTM — UE providing Uplink ACK/NACK feedback

Technique 5: Single cell PTM — Interference reduction by not transmitting on neighbour cells

This contribution is focused on technique 2, technique 3 and technique 5. Technique 4 is not investigated at
this time since the ACK/NACK feedback mechanism is not sufficiently specified. Technique 1 will be
addressed in a future contribution.

2. Network Simulation Results

The simulation of ptm bearers was evaluated using a three ring hexagonal grid layout of 37 eNBs. The
performance metric used is coverage (%) vs. spectral efficiency (bps/Hz) where a user is defined as in
outage if the simulated packet or frame erasure rate (FER) at a specific location in the defined coverage
area is greater than 1%. In order to investigate the questions posed in [1], it is necessary to consider the
impact of interference, guard cells and assisting cells. Therefore UE drop locations are confined to the
center eNB with each of the outer three rings simulated as an interference ring (I), a guard ring (G) or an
assisting ring (A).

Figure 1 and Figure 2 show coverage versus the spectral efficiency experienced in the central cell for Case
1 and Case 3 for several scenarios (A,G,1) of cell types in each of the 3 surrounding rings as indicated in the
legend. A legend of AAA indicates each of the surrounding rings consists of assisting cells while GlI
indicates the first ring consists of guard cells and outer 2 rings consist of uncoordinated interferer cells, and
S0 on.

! Assisting cells are cells contributing to a SFN that are devoid of UE’s receiving the SFN transmission.
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Figure 1 — Coverage versus spectral efficiency with assisting rings.
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3.

The achievable spectral efficiency for the central cell is given in Table 1 based upon Figure 1 and Figure 2
at the 95% coverage level. As shown, the spectral efficiency in Case 1 for techniques 2 and 5 with 3
assist/guard cell rings is 2.4 bps/Hz while the spectral efficiency with 2 assisted rings is 2.2 bps/Hz and
with 2 guard rings is 1.8 bps/Hz.

Figure 2 — Coverage versus spectral efficiency with guard rings.

Discussion



Technique Crpe || Gy Ring Description
bps/Hz|bps/Hz] 1 | 2 | 3

2.4 0.8 AlA]A

2 2.2 0.8 A|lA]| I SFN
1.3 0.7 Al l I

3 0.4 0.35 | I I INo Interference co-ord
2.4 0.65 | G| G| G | Interference reduction

5 1.8 065 | G| G| | | bynottransmitting on
0.8 0.5 G| | I neighbour cells

Table 1 - Achievable spectral efficiency at 95% coverage level of central cell

At least 3 guard rings or two assisting cell rings are therefore required to achieve at least 80% of the
maximum potential spectral efficiency of an SFN in a deployment scenario such as Case 1. A similar
analysis of the Case 3 deployment scenario indicates at least two guard rings or one assisting ring are
required to achieve at least 80% of the maximum potential SFN spectral efficiency in Case 3.

Table 2 below expands on the spectral efficiency shown in Table 1 by showing the resource efficiency of
technique 2 for different UE drop location sizes. Resource efficiency is defined as the spectral efficiency
normalized by the fraction of cells in the SFN containing UEs. As an example consider the case of a 2 ring
SFN but with UEs dropped in the center cell only. A spectral efficiency of 2.2 bps/Hz is shown in Table 1
for Case 1 for this scenario. The corresponding resource efficiency is 0.12 = 2.2*(1/19) bps/Hz/cell where
the SFN consists of 19 cells (center cell plus 2 rings) and UEs occupy the one center cell only. This
corresponds to the entry for the column marked “center cell” and row marked “AAI” in Table 2. Similarly,
a resource efficiency of 0.42=2.2*(7/37) bps/Hz/cell is shown for the column marked “Inner 1 Ring” and
row marked “AAl” in Table 2 indicating the resource efficiency of an SFN consisting of 37 cells with UEs
occupying the inner 1 ring only (i.e. center 7 cells).

UE Drop Locations
Center | Inner 1| Inner 2| Inner 3| Inner 4 | Inner 5|Inner 15} Infinity
Cell Ring | Rings | Rings | Rings | Rings | Rings ] Rings | Technique

UE Drop
Locations [1 Ring| 2 Rings| 3 Rings|Pps/Hz/|bps/Hz/| bps/Hz/| bps/Hz/| bps/Hz/ | bps/Hz/| bps/Hz/|bps/Hz/
plus cell cell cell cell cell cell cell cell

0.06 | 0.28 0.50 0.70 0.87 1.01 1.68 2.40
0.12 | 0.42 | 0.69 0.89 111 1.18 1.73 2.20
0.19 | 0.48 0.67 0.79 0.87 0.93 1.15 1.30
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G
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0.06 | 0.28 | 0.50 | 0.70 0.87 1.01 1.68 2.40
0.09 0.34 0.56 0.73 0.86 0.97 1.41 1.8
0.11 0.29 0.41 0.49 0.54 0.57 0.71 0.8
1 7 19 37 61 91 721 | Infinity
Number of UE Drop Location Cells
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Table 2 - Resource efficiency for Case 1.

Note resource efficiencies given in Table 2 are computed directly from the spectral efficiencies of Table 1.
Since UEs occupied the center cell only in simulations used to generate Table 1, resource efficiencies
quoted for columns other than the “Center Cell” should only be considered as approximately accurate. Of
course, it is also clear that in real systems, the regular cell topology such as that considered here does not

apply.



The highest resource efficiency is marked in each column of Table 2 by a bright green background. It may
be noted that despite high spectral efficiency offered by SFN (technique 2), any advantage over technique 3
in resource efficiency and the number of assisting rings required to maximize this advantage, is dependent
on the number of cells occupied by UEs. The same trend is also seen when considering technique 5 with
guard rings instead of technique 2.

UE Drop Locations
Center [ Inner 1| Inner 2| Inner 3| Inner 4| Inner 5| Inner | Infinity
Cell Ring | Rings | Rings | Rings | Rings 15 Rings | Technigue

UE Drop
Locations |1 Ring| 2 Rings| 3 Rings | bPS/Hz/| bps/Hz/| bps/Hz/|bps/Hz/| bps/Hz/| bps/Hz/| bps/Hz/| bps/Hz/
plus cell cell cell cell cell cell cell cell

0.02 0.09 0.17 | 023 | 0.29 0.34 0.56 0.8

0.04 0.15 | 0.25 | 0.33 | 0.40 0.43 0.63 0.8

0.10 0.26 | 0.36 | 042 | 0.47 0.50 0.62 0.7

0.02 0.07 0.14 | 0.19 0.23 0.27 0.46 0.65

0.03 0.12 020 | 026 | 0.31 0.35 0.51 0.65
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0.07 0.18 0.26 | 0.30 | 0.34 0.36 0.44 0.5
1 7 19 37 61 91 721 | Infinity
Number of UE Drop Location Cells

Table 3 - Resource efficiency for Case 3.

Table 3 shows resource efficiency for Case 3. Similar to Case 1 (Table 2), the benefit of SFN operation is
achieved with increasing number of UE drop location cells. Furthermore, in comparing Table 3 to Table 2,
UEs must occupy a larger number of cells to show this advantage in Case 3 than in Case 1.

4. Conclusions
The discussion above leads to the following conclusions:

1. Interms of delivering the highest MCH data rate to the centre cell, the multi-cell SFN Technique 2
is the best approach.

2. In general, in terms of resource efficiency, the optimal radio technique is dependent on the
geometry and deployment environment of UE drop locations.

3. Multi-cell SFN Technique 2 is also generally superior in terms of resource efficiency, but when the
UE’s subscribing to the MBMS service in question are restricted to occupy only a single cell (or a
very small number of cells), single-cell MCH transmission Technique 3 can be superior to multi-
cell SFN Technique 2.

In summary, the results indicate that the multi-cell SFN ptm configuration (Technique 2), augmented by the
single-cell ptm configuration (Technique 3) could provide a sufficient basis for specifying MCH mapping
while preserving optimum spectral efficiency and resource efficiency.
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6. Appendix — System Simulation Assumptions

Parameter Units Casel Case3
Inter Site Distance m 500 1732
Carrier Frequency MHz 2000
Bandwidth MHz 10
Penetration Loss (PL) dB 20
Cell Layout Hexagonal grid, 37 cell sites, 3 sectors per site
Path Loss dB 128.2 + 37.6log10(d(km))
Lognormal Std Dev. dB 8
Inter-Site Shadow Corr. Coeff. 0.5
Intra-Site Shadow Corr. Coeff. 1
Channel Model Typical Urban (TU)
# UE Rx Antennas 2
BS transmit power dBm 46
BS # Antennas 1
BS Ant. Pattern LTE - R1-050669, Table 2
BS Ant. Gain dBi 14
BS Ant. 3dB Beamwidth degs 70
BS Ant. Front-Back Ratio dB 20

Table 4 — Baseline Simulation Parameters




