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1. Introduction
To inter-eNB CoMP, the cooperative points correspond to geographically separated cell sites. The X2 bandwidth need to be significantly improved for sharing the Data/CSI among different cell sites. To save backhauling cost, one option is to using cooperative MIMO with partial channel information and/or without data sharing, which incurs the CoMP performance deficient by comparing with sharing of full CSI/Data information. Another option is using event-trigger scheme to lower the frequency of sending Data/CSI information. If the transmission latency could be sustained, that could lead to backhaul saving with no CoMP performance loss. The latter option is discussed in this paper and proposed an efficient uplink CoMP scheme with backhauling saving. 
2. Basic idea of multi-point reception with reduced backhauling cost
Uplink multi-point reception should has very little, if any, impact on LTE specification. We envision that each cell site within the CoMP cluster could decode the received signal independently. Based on the decoding results on serving eNB, the ACK/NACK information which is used for HARQ could be distributed among cells within the active set of CoMP. Upon the received ACK/NACK info, the non-serving eNB would decide whether or not to send the Data and/or CSI information to the serving eNB. Then, the joint processing could be carried out there. Depend upon different multi-cell combining schemes, the received data and relative CSI or soft-bit information would be shared among cells within the active set of coordinated sites. The figure 1(a) illustrated procedure for the typical uplink CoMP; and the figure 1 (b) is the procedure for proposed uplink CoMP. In order to satisfy different backhauling latency, the different HARQ processing scheme has been given in next section. 
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(a) Typical uplink CoMP procedure.
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(b) Proposed uplink CoMP procedure.

Figure 1.  The event-triggered data and/or CSI sharing for uplink CoMP

3. Analysis of UL CoMP with HARQ information assistant under different backhaul latency
To backhauling latency, three cases has been illustrated in the TS36.814[3], 

· Case 1:Minimal latency (in the order of μs) for eNB to RRH links

· Case 2:Low latency (<1 ms) associated with co-located cells or cells connected with fibre links and only limited number of routers in between
· Case 3:Typical inter-cell latency associated with X2 interfaces.
Under these cases of backhauling latency, we could get several different solutions for CoMP implementation to keep backward compatibility and save backhauling cost as well. 
Actually, the proposed scheme is more suitable for site geographically separated, therefore, the case 2 and case 3 is discussed in below. For the case 2, the time-axis for CoMP joint processing is drawn as in the figure 2. In LTE R8, the serving eNB should finish the processing received data in 4 ms. Therefore, in the figure 2, the allowed latency is 4ms. Here, the timeτ is defined as sum of sending decoded results and receiving the Data/CSI from neighbor site. If the latency of backhauling τ<1ms, there could seldom impact on the current HARQ processing. 
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Figure 2. Time axis for Case 2 
To the case 3, becauseτis much larger than 1ms, therefore, joint processing on the serving eNB could not be finished in 4ms. There are two options to keep backward compatibility, both schemes could allow the maximum value τ closing to 10ms. 
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Figure 3. Time axis for Case 3 

Option 1:

This solution is straightforward, serving eNB will feedback the decoding results of first transmission to UE before CoMP joint processing. After received second transmission, the serving eNB could combine this signal with CoMP joint processing results. 
Option 2:

To CoMP user, eNB will send ACK to the UE whether the decoding results is correct or not. Upon receive the ACK, UE will keep the sent signal in the HARQ buffer because of the scheme to supporting redundancy for the NACK ->ACK error situation. Serving eNB apply joint processing after received the signal forwarded from adjacent eNB via backhaul, and giving the final decoding results. The figure 4 illustrated the flowchart of this option. 
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Figure 4.  The flowchart of the option2
Compared to option1, option2 could release user’s bandwidth to be scheduled for other users in the cell. Therefore it could have better spectral efficiency. Anyway, Option1 could get better HARQ combining gain since it provide more retransmission chance in certain time. However, it maybe a redundant gain since user retransmit signal before CoMP joint processing. Eventually, we prefer option 2. 
We evaluated the performance in terms of backhauling bandwidth saving. The system parameter is used based on [2]. The MCS setting is based on joint CQI from the cells within active set of CoMP. Our initial simulation results show that with HARQ working point 10%, the serving eNB, it could decode the signal correctly with 40% probability. Here the main issue is the scenario of different backhaul latency could impact the implementation of the solution. From the system simulation, we collect the failed detection rate from the local serving cell detection only, it is 0.600968. Based on that, we can conclude that with the proper HARQ operation point selection, the proposed scheme can save about 40% backhauling transmission cost without any performance loss.

Table 1
Simulation results for Backhaul bandwidth

	HARQ working point
	Backhaul bandwidth saving

	10%
	40%


4. Summary

For uplink multiple points reception, the event trigger based information sharing among coordinated point could be applied to save the backhauling bandwidth cost. The scheme could be useful for inter-eNB CoMP where the cell sites are geographically separated. In a practical scenario, the backhauling latency need to be carefully considered on impact the system performance. Also two options for HARQ implementation is proposed as backhauling latency is high. we prefer option 2 for better spectral efficiency. 
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