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1. Introduction

For LTE-A MBMS, retransmission is suggested in single cell. However the retransmission scheme has not determined now. This proposal suggests three optional retransmission schemes in LTE-A SC MBMS.
2. Retransmit on request
One simplest optional retransmission scheme is similar to that of unicast. One packet is retransmitted when any UE in the multicast group requests this packet to be retransmitted, as shown in Fig.1. The retransmitted packet is also broadcasted in the whole cell and thus all UEs can receive it.




 Figure 1: retransmission request collection
The conventional 6 parallel stop-and-waits retransmission scheme can be adopted. Maximum retransmission is 3 times. UE requests packet to be retransmitted when the CRC checking failed. eNB collects the requests during the transmission of other packets. When there’s request(s) for any packet, eNB sets the retransmission request indicator bit (RIB) for this packet to 1. In each transmission slot, eNB checks the RIB of this slot. If RIB is 1, the former packet in this slot is retransmitted. If the RIB is 0, new packet is read and transmitted in this slot. Fig.2 shows the retransmission procedure.
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Figure 2: multicast retransmission procedure
Expect for the retransmission requests collection, this scheme is totally the same with the one of unicast. Thus it is very easy to realize. However this scheme occupies much transmission resource when the multicast group is large.
3. Retransmission threshold
One retransmission threshold is set. When the requests on one packet are larger than the threshold α, eNB sets RIB of this packet into 1. Thus only the packets requested by α or more than α UEs can be retransmitted, the packets requested by less than α UEs will be given up.

This scheme saves some of retransmission resource and it is also easy to realize. However, some UEs’ receiving performance decreases.
4. Random network coding retransmission
In multicast mode, the packet lost at one UE may be successfully received by the other UEs. Thus the former received packets may be made use of to save retransmission resource. 

One error pattern example of a multicast group is shown in Fig.1. The same series of packets P1, P2, … ,P8, … are multicasted to UE1~UE4. The red ‘X’ means this packet is lost at the current UE. For conventional retransmission scheme example, 4 packets, namely P3, P4, P5 and P7, need to be retransmitted. Notice P3 is successfully received at UE3 and so is P4 at UE2, if P3 and P4 are retransmitted together, for example, by the operation of XOR, the original packets can be retrieved by the operation of 
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 at UE3. By this way, only two network coded packets, namely 
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, need to be retransmitted.


[image: image7.emf]1 2 3 4

X

6 7 8

1 2

X

4 5 6 7 8

1 2 3

X X

6 7 8

1 2 3 4 5 6

X

8

UE1

UE4

UE3

UE2


Figure 3: One error pattern example of a multicast group
The network coding principle can be deliberately designed to ensure that the coded packets can be decoded at all UEs. Random encoding way can also be used. The definite coding way can save resource at most. On the other hand, the random way makes least change on the existing interface and procedure.

For random network coding, UE requests packet to be retransmitted when the CRC checking failed. eNB collects the requests and saves the requested packet numbers. In each transmission slot, eNB checks the retransmission buffer, chooses two packets randomly, encodes them and transmits the encoded packet. Since there’s no need to ensure all the packets to be decodable, the format of NACK needs not to be changed and the processing in eNB is of low complexity, and thus the conventional retransmission scheme with 6 parallel stop-and-waits can still be used. 

One network coded retransmission scheme is depicted as Fig.4. In Fig.4, 6 RIBs are not enough. There should be one RIB for each ‘active’ packet, which means the packet has not been received successfully or not been given up. RIB=1 means there’s retransmission request(s) on this packet after last transmission, and this packet needs to be retransmitted. RIB=0 means there’s no retransmission request on this packet up to this slot, thus this packet is considered has been successfully received by all UEs and will not be retransmitted any more. ‘x’ means this packet is ‘inactive’, which means it has been received successfully or has been given up after it has been transmitted for 4 times. It can be seen even by this sketch map that, compared with Fig.2, more packets can be transmitted by the network coded retransmission scheme during the same period.
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Figure 4: network coded multicast retransmission
5. Simulation results

The simulation results of multicast retransmission with network coding are shown in Figure 5. The redundancy factor α shows the amount of network coded packets which will be retransmitted. When the redundancy factor is equal to 1, each erroneous packet is network coded and retransmitted just once, which can be named the least packet retransmission. When the redundancy factor is larger than 1, some of error packets are encoded and retransmitted more than once, thus α times of packets have been retransmitted compared with the least packets scheme. 

When α is equal to 1, 35% ~ 48% of retransmission resource can be saved at the cost of worse receiver PER than the normal multicast retransmission scheme. To remain the same PER, more redundant network coded packets should be retransmitted. According to Figure 2(b), 1.5 times redundant network coded packets retransmission could keep the same PER level for the multicast group with more than 30 UEs; and correspondingly in Figure 2(a), with 1.5 times redundancy, multicast retransmission with network coding would save about 25% of retransmission resource.
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(a) Retransmission packets ratio                                   (b) receiver PER ratio
Figure 5 Simulation results
6. Conclusions

In this proposal, three kinds of multicast retransmission schemes for LTE-A SC MBMS have been proposed. The first one is to retransmit on request. It is very easy to realize, with nearly the same complexity of that of unicast. However, the retransmission rate is very high for large multicast group. The second is retransmission threshold scheme. It is also easy to realize and the retransmission rate decreases. Nevertheless its receiving performance decreases. The third one is network coded retransmission scheme, which can save some of retransmission resource without sacrificing the receiving performance, certainly with higher complexity.
7. Text proposal

--------------------------------------------Start of Text Proposal ----------------------------------------------

(We suggest add the following part in 36.xxx)

10.X
Single-cell transmission

-Optional MBMS retransmission schemes:

· When one or more than one UEs request one packet, retransmit this packet.
· When α or more than α UEs request one packet, retransmit this packet.

· Two or more than two packets need to be retransmitted for different corrupted initial packets of different UEs are network encoded and then retransmitted together. At the receiver side, by canceling the known accurate received packet, the retransmission packet is detected in the required UEs.
---------------------------------------------- End of Text Proposal --------------------------------------------
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