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1. Summary

We investigate two main problems regarding HARQ for DL-CoMP, namely;

1. Which base stations are participating in retransmission and

2. What is the information being retransmitted.

In Section 2 we explore the possible answers to the first problem and in Section 3 we list the potential solutions to the second problem.

2. Alternatives for CoMP Retransmission Point Sets
In this section we assume that the initial transmission was unsuccessful and hence there is a need for retransmission. If TxSet contains the CoMP transmission points in the initial transmission, the question is: what is the relationship between the set of CoMP retransmission points, ReTxSet, and the TxSet? There are the following possibilities for the set of CoMP retransmission points:

1. ReTxSet is a subset of (or possibly the same as) TxSet: The main reason for such an option is optimizing the performance of the network and freeing some of the resources used up by the CoMP transmission points. Determining which eNBs belong to CoMP retransmission points, however, by itself may incur additional overhead. Thus, it might be desirable to set ReTxSet the same as TxSet.

2. ReTxSet is not necessarily a subset of TxSet. This can be done by: i) performing selection of CoMP transmission points for choosing retransmission points or ii) dropping some of the existing eNBs in the CoMP transmission points and add some other eNBs from the CoMP cooperating set. This requires additional procedure and corresponding signaling for formation of retransmission points. This option seems to be unnecessary and it seems that the associated overhead is not worth the small optimization made in the network.

3. A special case of option 1, in which the retransmission points contains only one cell. This option has the minimum complexity in the retransmission, but may not yield the best performance. Note that the CoMP retransmission point in this case need not to be the serving eNB and could be selected based on criteria such as channel condition.

Option 2 seems to be the least practical option comparing to options 1 and 3. Option 1, especially the case in which ReTxSet=TxSet, has the smallest overhead in setting up the retransmission points; however, it is needed to set up and map the retransmitted codeword(s) to eNBs or layers. Option 3 has low overhead in selecting the retransmitting eNB and reduces the retransmission to the SU-MIMO, however, it significantly reduces the spatial degrees of freedom in the system which may result in reduction of channel capacity or the achievable diversity. 

3. Options for Retransmission

In this section we discuss the possible options for retransmitting a codeword. Consider that the transport block is coded into a codeword, with say redundancy version (RV) zero. If the initial transmission is unsuccessful in a CoMP (as well as in a MIMO) setting then at retransmission the spatial degrees of freedom can be exploited in many different ways. The question is; should all the spatial degrees of freedom be used to retransmit the same replica of the retransmitted codeword, or the degrees of freedom can carry different forms (in redundancy version or different code rate) of the initial transport block? The following options exist for retransmission:

1. All the eNBs in ReTxSet retransmit the exact same codeword

a. All the eNBs retransmit the same redundancy version: This option is inline with the initial transmission in which all the participating eNBs transmit the same codeword. The gain is achieved through increased SNR and some coding gain if retransmission codeword has a different RV than then initial transmission.

b. It is possible that different layers retransmit different redundancy versions (yet all CoMP transmission/retransmission points are sending exactly the same codewords on each layer): This is a generalized method used in SU-MIMO [1]. The method may improve the performance at the cost of additional complexity at the UE. This option can be reduced to 1-a by forcing all retransmitted codewords on all layers to have the same redundancy version.

2. Different eNBs retransmit different redundancy versions. This requires further eNB-Layer mapping in order to be able to separate different retransmitted codewords at the UE. Note that this option is different from 1-b in that CoMP retransmission points are not transmitting same information on the same layers, hence coherent combining of layers is not applicable in this case.

3. Some eNBs retransmit the unsuccessful codeword in a manner described in 1 and other eNBs transmit a new codeword (new information and not retransmission [2]). The idea behind this method is to tradeoff some reliability with extra throughput.

Compared to Option 2 and 3, Option 1 requires minimum standardization since the retransmission is treated like the initial transmission with minor changes. A tradeoff between complexity and performance exists among all three options, which requires further study for evaluating their performances.
4. Conclusions

In this contribution we enumerate the possible methods by which HARQ retransmission can be performed in a CoMP setting. We propose that the CoMP retransmission points should be a subset of the initial CoMP transmission points. We also propose studying the use of retransmitting different redundancy versions on different eNBs/Layers in order to give the most flexibility to the system and allow the system designers to tradeoff complexity, reliability, and throughput.
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