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1 Introduction

Coexistence investigations of downlink LTE FDD aggressor with LTE FDD victim have so far not considered the MBMS mode of LTE. The downlink modelling assumptions used so far are not appropriate for the MBMS broadcast modes. 
With multi-cell broadcasting, when all sites of a network are synchronised, the cochannel interference is very low. This contribution shows that consequently the cell edge throughput is more sensitive to adjacent channel interference from another network, in particular for the uncoordinated case.
2 Simulation assumptions
The following simulation approach and assumptions have been used:

· UEs are randomly dropped in each snapshot
· RBs are permanently allocated and all UEs receive on the same RB (RB are still 25 subcarrier). Only a single RB needs to be considered per snapshot.

· In the case of multi-cell broadcasting, there is inherently no HO margin.

· For each BS i, its contribution PUse,i to the useful signal PUse and its contribution PSelf,i to the total interference PSelf from the own network for a particular UE is calculated as follows:

· Calculate the received signal power Pi according to the agreed propagation model, shadowing and transmit power.
· Calculate 

· PUse,i=Q(ti-t0)*Pi
· Pself,i=(1-Q(ti-t0))*Pi
where PUse is the useful power, PSelf the self-interference power, and
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is a weighting function that takes into account how much a particular signal path contributes to useful signal or interference, depending on difference of the time of arrival ti relative to the synchronisation time to and relative to the symbol duration Tu and the guard interval (CP) Tg  [2]

 REF _Ref147165505 \r \h 
[3].
Figure 1: Illustration of weighting function Q
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· The time synchronization point of the receiver to in our model is the arrival time of the first received signal among all transmitters. The Figure illustrates the fact that signals arriving after the guard interval contribute increasingly less to the usefull signal and increasingly more to interference. 
· The downlink CINR in a SFN is the Carrier-to-Interference plus Noise Ratio (CINR). In [2] it is defined as:
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where PExt the external interfering power and N the thermal noise.
· Simulation area size: The default simulation area agreed in RAN1 and RAN4 consists of 19 sites, i.e. the central site plus 2 rings of sites around it. This is sufficient for unicast transmission scenarios, where the strongest interference originates from the neighboring cells and therefore distant cells contribute only little additional interference. However, for multi-cell MBMS, where typically the long CP of 16.7us is used, any cell for which the relative propagation delay ( is shorter than 16.7us, i.e. any cell within a distance difference of less than 5km, does not contribute to interference, neglecting multipath reflection. For the RAN4 cell range of 500m, no intercell interference from the own system would be present, which is not realistic. Therefore more sites need to be considered. In this contribution a sufficient number of sites is considered to model a virtually infinite SFN.
Figure 2 shows the cumulative pathgain of userful signal and interferene (i.e. PUse and PSelf divided by the transmit power) where the accumulation is over increasing number of cell rings. The curves show the mean value over all UEs. The curves start at site ring 3 which is the first ring outside the default simulation area of 19 sites. From this Figure it can be seen that about 20 site rings need to be considered to capture all relevant intercell interference. 
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Figure 2: Pathgain for useful signal and interference accumulated over increasing number of site rings
· Map CINR ( to throughput: In this contribution the agreed RAN4 downlink mapping has been used, although it is not completely appropriate for the multi-cell broadcast, because 1) there is no Hybrid ARQ 2) due to the coherent accumulation of signals from many BS, the fading will be much reduced. Furthermore, since we assume here the long CP, the absolute throughput will be only (66.7+4.7)/(66.7+16.7)=86% of the unicast throughput for the same CINR, but this does not have an effect on relative degradation.
· Performance criterion: It is assumed that there is no feedback from UEs. Therefore, the multi-cell transmission MCS needs to be configured statically and sufficiently robust to achieve the desired grade of service (GoS). Assuming the desired GoS is 95%, then the performance criterion is the 5%-percentile of the throughput distribution.

3 Simulation results

The most interesting scenario is where the multi-cell broadcast spectral efficiency is close to the requirement of 1b/s/Hz. Therefore a scenario with 2000m cell range has been assumed at 2GHz, in an urban environment with the default 70dB MCL. The 5MHz E‑UTRA bandwidth with 43dBm has been considered.

Figure 3 shows the absolute 5%-ile throughput. As expected, the throughput for broadcast is much higher than for unicast. The spectral efficiency is 1.4b/s/Hz for infinite ACIR.

[image: image4.emf]10 20 30 40 50 60 70 80 90

0

50

100

150

200

250

300

ACIR [dB]

5%ile throughput [bit/RB]

 

 

unicast

broadcast


Figure 3: 5%-ile throughput for unicast and multi-cell broadcast
Figure 4 shows 3-4dB higher ACIR is required in the broadcast case at 5% loss of throughput. 
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Figure 4: loss in 5%-ile throughput for unicast and multi-cell broadcast
Note that also the unicast requires higher ACIR than in the scenario with 500m cell range in the TR [1]. The reason is the minimum coupling loss which is assumed to be 70dB for both cell ranges. In both cases the system is interference limited, therefore the ACIR impact should not change between the 2 cell ranges. However, the MCL caps the adjacent channel interference in the 500m case for a larger fraction of users than in the 2000m case. For these users the adjacent channel interference will reduce less than the own system interference and less than the useful signal level when going from 500m to 2000m cell range. Accordingly the ACIR impact increases.
4 Summary
This contribution shows that higher downlink ACIR are required for multi-cell broadcasting compared to unicasting. For the considered scenario of 2000m cell range the difference is 3-4dB. We propose to include the multi-cell broadcasting scenario as a separate scenario in the TR [1] and that RAN4 agrees on assumptions and in particular on the performance criterion so that companies can provide results to the next RAN4 meeting.
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