












 

 
Figure 8: Relative gains at 5% quantile 

Figure 9 shows the relative gains of the JT CoMP schemes at 
the 50% quantile of Figure 7. Here, cluster approach 3/3 
always causes a loss relative to LTE Release 8 independent of 
whether the SDMA component was used or not. However, 
cluster 1/3 achieves gains of up to 15% for a medium PRB 
utilization. Interestingly, without SDMA the performance was 
improved for PRB utilizations up to very high loads.    
 

 
Figure 9: Relative gains at 50% quantile 

A similar effect is seen in Figure 10 for the 95% quantile. Up 
to high PRB utilizations, cluster 1/3 without SDMA again 
outperforms the other approaches. Only at very high load, the 
SDMA component improves performance for cluster 1/3. The 
explanation can be seen in Figure 3 where no SDMA was 
taken into account. From this figure, it becomes clear that 
cluster 1/3 without SDMA provides large gains for some users 
across all geometries. This results in an increase of throughput 
at different quantiles. Only at very large traffic load not using 
all PRB in a cluster efficiently causes a loss in throughput. 
Both figures also reveal that cluster 3/3 with and without 
SDMA is always worse than LTE Release 8 at the 50% and 
the 95% quantiles. The loss increases with increasing traffic 
load. 
Comparing the full buffer performance with the results for 
bursty traffic at high system load shows similar behavior of 

the investigated schemes. Not using SDMA at cell edge 
performed best in both scenarios. Cluster 1/3 with SDMA is 
the most promising one at the 95% quantile. However, for 
more realistic system loads around 50%, cluster 3/3 with 
SDMA at cell edge and cluster 1/3 without SDMA for the 
50% and 95% quantiles showed best performance. This 
reveals that also low and medium system loads should be 
considered to get full insight into the system behavior.  
 

 
Figure 10: Relative gains at 95% quantile 

In summary, the results demonstrated that the performance of 
the different cluster approaches as well as of the SDMA 
component depend strong on the traffic load in the system. At 
cell edge, for all PRB utilizations, a gain was reached with 
cluster 3/3 applying SDMA. However, at higher LTE Release 
8 throughput quantiles that correspond to the mid of the cell 
and to cell center, cluster 1/3 without SDMA was the most 
beneficial scheme up to high cell loads. For very large PRB 
utilizations SDMA improved performance, however, was still 
not able to overcome losses relative to LTE Release 8. 
Overall, it can be concluded that the selection of the most 
suitable cluster strategy should be based on geographical 
aspects of the mobile station. Whether the SDMA component 
is beneficial or not depends both on the location of the mobile 
station as well as on the traffic load. 

C. Impact of X2 Delay 
By X2 delay we understand the accumulation of the time 
needed to send a message across the X2 interface as well as 
the required time to process the X2 message in the eNB. The 
X2 delay has impact both on ACK/NACK round trip and the 
CQI delay. Hereby, we understand: 

• The ACK/NACK round trip time (RTT) is defined by 
the time interval between the first transmission of the 
PDSCH (Physical Downlink Shared Channel) using a 
certain HARQ process ID and the earliest re-
transmission or fresh transmission applying the same 
HARQ process ID again. 

• The CQI delay is the timing interval between the CQI 
measurement period at the UE and the next TTI data 
transmission from the eNB that is based on the 
knowledge of this CQI. 
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Since both CQI as well as ACK/NACK information need to be 
transmitted from the serving cells to the master cell of a 
cluster across the X2 interface, the X2 delay impacts both 
ACK/NACK RTT as well as CQI delay. The ACK/NACK 
RTT states how many HARQ processes are needed to 
guarantee continuous transmission if the mobile station is 
scheduled all the time. Therefore the impact of enlarged 
ACK/NACK RTT is important for low to medium cell loads. 
In highly loaded cells the number of required HARQ 
processes decreases since each mobile station gets less access 
to the channel. This impact is therefore dependent on the cell 
load. Due to the increased CQI delay the CQI contains less 
information about the channel at the time when it is accessed. 
This means that it becomes more difficult to adapt the MCS to 
the instantaneous channel conditions. 
In the following we assume that a sufficient number of HARQ 
processes is available such that the impact of the X2 delay on 
the ACK/NACK RTT can be neglected. This is ensured by 
setting the number of available HARQ processes to infinity. 
To investigate the impact of X2 delay on the CQI delay, we 
simulated X2 delays of 0 ms, 1ms, 3 ms, 5 ms, 10 ms, 15 ms 
and, finally, 20 ms. The bursty traffic model of Table 1 was 
applied. All the other simulation assumptions are identical as 
stated in Table 1 and Table 2. 
 

 
Figure 11: Impact of X2 delay - Infinite HARQ process IDs 

Figure 11 shows the losses in mean user perceived throughput 
for various X2 delays > 0 ms relative to an ideal interface with 
0 ms loss. The losses are given for the 5%, 50% and 95% 
quantiles of the user perceived throughput CDF without X2 
delay. Only throughput samples of those mobiles are included 
in the figure if the mobile does not have a single leg 
connection to the master cell and therefore suffers from an 
increased CQI delay. It is seen in the figure that the losses 
become the larger the larger the X2 delay is. Even for a X2 
delay of 5 ms they are in the order of 20% for the 5% and the 
50% quantile. This indicates JT CoMP is very sensitive to X2 

delays. In order to exploit most if the gains of CoMP the X2 
delay should be in the order of 1 ms and lower. 

VI. CONCLUSION 
In this paper, non-coherent joint transmission CoMP with 
centralized scheduling was investigated. First a centralized 
architecture was proposed with a master cell as the central 
entity of the cluster. The master cell hosts both the central 
MAC scheduler as well as the HARQ entities of all mobile 
stations being connected to the cluster. 
Two different static cluster approaches were introduced and 
the gains were analyzed with respect to long term average 
geometry. Furthermore, a two stage scheduling method for JT 
CoMP was proposed. In dynamic system level simulations, the 
gains of the proposed architecture and algorithms were 
evaluated further for full buffer and bursty traffic models. It 
was demonstrated that the performance for the clustering 
approaches depends both on the location of the mobile station 
as well as on the traffic load. In other words, the cluster 
strategy for a specific mobile station should be adapted 
according to its location and the system load. Finally, the 
impact of the delay of the X2 interface was analyzed. It was 
shown that the JT CoMP performance significantly decreases 
with increasing X2 delay. A backhaul with low latency is 
therefore essential to exploit the gains of JT CoMP. 
So far, the gains of the investigated low complex approaches 
are still relatively small and depend on the system load. 
Therefore, in a next step the proposal shall be extended to 
coherent transmission and an enhanced SDMA component. 
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