3GPP TSG-RAN WG1#58Bis                           
 R1-094026
Miyazaki, Japan, October 12-16, 2009
Source: 

Sharp

Title:

Simultaneous Retransmission of Different Redundancy Versions during the HARQ for DL CoMP
Agenda Item:

7.5
Document for:
Discussion and Decision
1. Summary

In [1] we investigated 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.

and explored the solution space for each question. In this contribution we present our simulation results for the case in which the retransmission CoMP points are the same as the transmission points (alternative 1) and different redundancy versions are being transmitted on different layers (Retransmission option 1-b described in section 2.2). We show that a gain of 0.4 dB can be achieved using the above technique over the base case of (Retransmission option 1-a described in section 2.2).
We therefore recommend that for LTE-Advanced that when retransmission is carried out to different CoMP points that the use of different redundancy versions be studied.
2. Introduction
In this section we review the alternative solutions for HARQ retransmission set and the coding structure.
2.1. 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 occupied by the CoMP transmission points. Determining which eNodeBs 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 eNodeBs in the CoMP transmission points and add some other eNodeBs 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 contain 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 eNodeB and could be selected based on criteria such as channel condition.
2.2. 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 eNodeBs in ReTxSet retransmit the exact same codeword

a. All the eNodeBs retransmit the same redundancy version: This option is inline with the initial transmission in which all the participating eNodeBs 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 eNodeBs retransmit different redundancy versions. This requires further eNodeB-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 eNodeBs retransmit the unsuccessful codeword in a manner described in 1 and other eNodeBs transmit a new codeword (new information and not retransmission [2]). The idea behind this method is to tradeoff some reliability with extra throughput.
3. Simulation Results
In this section we illustrate the basic idea of using different redundancy versions for retransmission by considering a system with two eNodeBs, each with two transmit antennas, one as the serving cell and the other as cooperating point. The UE, with two receiving antennas, is in equal distance of both eNodeBs and the channel is considered to be additive white. A turbo code with rate 1/3 as described in [4] is used with BPSK modulation (which is equivalent to QPSK on a “per-in phase” or “per-quadrature” basis). The average received SNR is the independent variable with a range between -2.5 dB to -0.5 dB for which the frame error rate at the UE is calculated when a single retransmission is considered and the results are reported in Figure 1.
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Figure 1: Gaussian MIMO CoMP with single HARQ retransmission

The black dash-and-dot curve is the performance of the system without CoMP. The dashed blue curve is the performance of the CoMP system with single HARQ retransmission in which both eNodeBs retransmit the same redundancy versions. The solid red curve is the performance of a CoMP system with single HARQ retransmission in which serving cell and cooperating point retransmit different redundancy versions on different layers. The simulation results reported on Figure 1 shows a 0.4 dB performance gain for a system in which two different redundancy versions are being retransmitted.
4. Signaling requirements for CoMP HARQ

The above sections highlighted the improved performance resulting from choosing independent redundancy version at each of the transmission points. In this section, we describe some of the control signaling issues for CoMP joint processing HARQ and for signaling of independent redundancy versions from each of the transmission points.

In order to provide flexibility for retransmissions, there should be a HARQ setup configuration during CoMP setup which needs to be initiated by the serving cell. During the setup phase, the serving cell configures the transmission points for the original transmission and also possibly the transmission points for the retransmissions (which may or may not be the same as the original transmission points). The retransmission point(s) (if not the serving eNodeB) is selected by the serving eNodeB based on different performance criterion (e.g. channel conditions, load, etc.). 

In the event that the original transmission is not successfully received at the UE (assuming that the uplink control channel from the CoMP UE is only to the serving cell), the serving eNodeB signals to the retransmission point(s) to retransmit the data over the control channel between collaborating transmission point(s). The retransmission indicator could be similar to the NACK indicator in 3GPP Release 8 HARQ. It is also possible that while the original transmission is sent from multiple cooperating points, retransmission is sent from only one transmission point (which may or may not be the serving cell depending on the instantaneous channel conditions). Furthermore in order to extract maximum diversity, it is possible that the first retransmission be from the serving cell and the second from another transmission point. 

The serving eNodeB also may indicate the redundancy version to be used for the retransmission by the retransmission point (in order to provide maximum flexibility and different incremental redundancies for different transmission points). The serving eNodeB may also indicate the scheduled resources to be used by the retransmission point(s). Having flexibility in choosing independent redundancy versions from the individual transmission points is particularly beneficial in a cooperative system with multiple antennas, in which packets with different redundancy versions are being transmitted on different layers. In such an event multiple redundancy versions need to be signaled to the UE indicating the layers and associated redundancy version mapping.
5. Conclusions

In this contribution we re-enumerate the possible methods by which HARQ retransmission can be performed in a CoMP setting. Further, we presented the simulation results for a CoMP system in which different redundancy versions are being transmitted on different layers and showed such a scheme can achieve 0.4 dB gains comparing to the case of transmission of same redundancy version from CoMP points. We propose that the CoMP retransmission points should be a subset (which include the same set) of the initial CoMP transmission points. We also recommend that the use of retransmitting different redundancy versions on different eNodeBs/Layers be studied.
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