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1. Introduction
Coordinated Multi-Point (CoMP) transmission is a promising technology to improve the throughput performance of cell-edge UEs [1]. However, in reality, the constraints from lower-capacity and higher-latency backhauls may cause significant CoMP performance degradation. In this paper, we discuss the modeling of CoMP throughput loss resulting from non-ideal backhauls. The discussion comprises of the characterization of non-ideal backhauls, modeling of the latency of CoMP messages, and finally the evaluation of CoMP throughput loss resulting from the backhaul latency. 
2. Discussion

2.1. Characterization of Non-ideal Backhauls
Non-ideal backhauls are primarily characterized by the finite capacity due to the limited backhaul bandwidth and the non-zero latency of information exchange between a pair of eNBs over the X2 link. However, these two attributes are related to each other (to be detailed below), and it is not comprehensible to directly use them to analyze the impact of non-ideal backhauls on CoMP performance loss. The target of this section is to identify the key factors to characterize non-ideal backhauls, and based on which the CoMP performance degradation can be understood in a more analytical manner. 
For the latency of an incoming packet (See Figure 1), it is composed of the queuing delay, the transmission time, and the propagation duration, where 
· Queuing delay is the time the packet has to wait in a queue before it is ready for transmitting to the backhaul. The packet waits in a queue because previous ones have not yet been processed and/or transmitted;
· Transmission time, equal to (Packet size / backhaul bandwidth), is the time it takes for the transmission device to transmit the packet; 
· Propagation duration is the time duration for the packet to travel from one end of the backhaul to the other.
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Figure 1: Latency of an incoming packet

Among the three components of the latency, the propagation duration is generally negligible compared with the other two. It is seen from the bullets above that the finite backhaul capacity is reflected in the transmission time within the latency; moreover, from Figure 1, the latency of a new packet comprises of the time required to process all packets (the new packet as well as the packets in the queue) and the time to transmit the messages to be sent over the backhaul. We highlight our observations.
Observation: The finite backhaul capacity due to the limited bandwidth has been reflected in the latency. The latency comprises of the time required to process the incoming packets and the time to transmit the messages to be sent over the backhaul.
2.2. Modeling of Latency of CoMP Messages
The latency of CoMP messages depends on the coordination time line to implement CoMP transmission, which relates to aspects such as the system architecture, the cell clustering, the CoMP scheme (JP, CS/CB, or else), the MAC intercell scheduling, etc. References [2] and [3] show some examples of the coordination time lines for various CoMP schemes and scheduling algorithms. The latency of a specific CoMP algorithm can be obtained by counting the processing time in each individual functional component (e.g. cell clustering, intercell scheduling) and the transmission time of exchanged messages such as the channel feedbacks, scheduling information, user plane data, ACK/NACK, etc.  
Observation: The latency of CoMP messages can be obtained by firstly specifying the coordination time line of the CoMP scheme and then counting the processing time of each individual functional component and the transmission time of exchanged messages.

2.3. Evaluation of Throughput Loss from Latency

This section investigates how to obtain the CoMP throughput degradation based on the backhaul latency. The backhaul latency has impact on the CSI delay and the longer round trip time (RTT) of HARQ, where
· The CSI delay is defined as the time duration between the CSI measurements instance at an UE and the time instance when the coding and modulation at the eNB is based on the knowledge of this CSI;
· The RTT of HARQ is defined as the time interval between the first transmission of the PDSCH with a certain HARQ process ID and the earliest retransmission or the fresh transmission applying the same HARQ process ID.
The impact of CSI delay is that the CSI contains less information about the channel, and the MCS and MIMO processing may not adapt effectively to the instantaneous channel conditions. The throughput is therefore degraded. Regarding the impact of a longer HARQ RTT on the throughput, in downlink DCI formats, there is a field called HARQ process number (3 bits for FDD and 4 bits for TDD) to identify the time-interlaced multi-process HARQ with each HARQ process responsible for a separate stop-and-wait operation. When the HARQ RTT is enlarged to a certain degree, it is probable that all of the HARQ processes for an UE are used up, and the UE may not be scheduled even if there are still vacant radio resources. See Figure 2 for the illustration. The impact of the longer HARQ RTT on the throughput loss depends on the system load and the block error rate. For the system load, in a cell with a low to medium number of UEs, an UE may access the radio resource more frequently and consume more number of HARQ processes. Thus, with prolonged HARQ RTT, the shortage of HARQ processes is more likely to occur. For the block error rate, more retransmissions are required for successful transmission as the block error rate increases, and it takes a longer duration to release a HARQ process. The effect grows even more evident when the CoMP performance degrades with the increase of the CSI delay. 
[image: image2.png]process0

The UE cannotbe scheduled in these subframes

process1 process7  asall HARQ processes are used up
DLsubframes :“: e g .. CT

{e————————————— RTTof HARQ process0

—

RTT of HARQ process 1

Firstretransmission or the fresh transmission
applving the same HARQ process ID




Figure 2: The HARQ RTT of an UE in FDD. An UE cannot be scheduled when all of the 8 HARQ processes are used up.

The throughput losses due to both the delays of CSI and HARQ RTT can be obtained by running simulations for various backhaul delays. We have the following proposal.
Proposal: The CSI delay and the prolonged HARQ RTT shall be taken into consideration in the simulation assumptions for CoMP with non-ideal backhauls. 
To summarize the discussions, the procedure of the throughput loss evaluation of a CoMP scheme is illustrated in Figure 3.
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Figure 3: Procedure of the throughput loss evaluation of a CoMP scheme
3. Conclusion 
The goal of this document is to evaluate the CoMP throughput loss due to non-ideal backhauls. To this end, we firstly identified that a non-ideal backhaul is characterized by its latency comprising of the processing time of incoming packets and the transmission time of messages to be exchanged over the backhaul; then we indicated that the latency of CoMP can be obtained by specifying the architecture and procedures of the CoMP scheme; lastly, it was pointed out that backhaul latency has impact on the CSI delay and HARQ RTT, and we proposed that these two factors shall be taken into consideration in the CoMP simulation assumptions. The observation and proposal made in this study were highlighted as bold faces can be identified easily from the text. 
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