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1. Introduction

In LTE R8/R9, the eNB is allowed to transmit at most one MAC PDU to a UE in a TTI. In LTE-advanced, when the eNB (i.e. Donor eNB) transmits to a particular relay on the Un link, it was proposed in [1] to allow the Donor eNB to transmit more than one MAC PDU in a TTI. In this contribution, we analyze the pros and cons of having multiple MAC PDUs in a TTI on the Un link.
2. Analysis
We first note that in LTE, when the eNB transmits to a UE, it is limited to transmitting one MAC PDU per TTI on the downlink. This is not a severe limitation in LTE. Since the eNB can transmit to the same UE in potentially every subframe (by using different HARQ processes), even if a single transmission is lost, it is possible for the eNB to maintain sustained throughput to a given UE. In contrast, when an LTE-advanced Donor eNB transmits to a given relay using an in-band Un link, it is desirable to minimize the number of TTIs dedicated to the Un link for that relay, or equivalently, to maximize the data transmitted in each Un downlink opportunity. The reason is that for an in-band relay, each subframe dedicated for the Un link is effectively a subframe lost for the Uu link of that relay. Given this, if only a single MAC PDU is allowed within a TTI on the Un downlink, then if a single transmission is lost, the next opportunity for the Donor eNB to send any data to that relay may be many subframes later. Thus in the case of a single MAC PDU on the Un downlink, the effect of a single lost transmission on Un is more severe than the effect of a single lost downlink transmission in LTE.
The severity of this effect on Un depends on the type of traffic being transmitted on the Un. In general this traffic will be a mix of delay-tolerant (e.g. HTTP) and delay-sensitive (e.g. VoIP) traffic. For delay-tolerant traffic, it will typically be acceptable to allow a buffer buildup at the relay. So when a single transmission on the Un downlink is lost, the data accumulated in the buffer at the relay can still be delivered over the Uu link in the subsequent subframes until the lost Un transmission can be retransmitted. Thus the loss of a single transmission on the Un link will not starve the corresponding Uu link, as far as delay-tolerant traffic is concerned. However, for delay sensitive traffic, typically buffer buildups will not be acceptable, since they imply increased latency. Thus for delay-sensitive traffic, the loss of a single Un transmission can leave the relay with no data to transmit on the associated Uu subframes until the Un retransmission happens. 

Further, for delay-sensitive traffic, waiting for retransmissions itself consumes some of the (already limited) delay budget. Thus for delay sensitive traffic, in general it will be desirable to reduce the number of retransmissions needed, by adopting a more conservative MCS for the Un downlink. On the other hand, for delay-tolerant traffic, in general it will be beneficial to adopt a more aggressive MCS, and compensate through retransmissions and incremental redundancy. In LTE R8/R9, this difference in the desired MCS can be realized by transmitting different types of traffic to a given UE in different subframes, with each transmission at the appropriate MCS. On the other hand, as noted earlier, the flexibility to utilize multiple subframes within a frame may not be available for in-band relays, since every additional subframe used on Un is a lost subframe on the corresponding Uu
One way to address the above effects is to allow the Donor eNB the flexibility of transmitting more than one MAC PDU within a TTI on the Un downlink. The Donor eNB can then separately choose the MCS required for delay-tolerant traffic and delay-sensitive traffic, thus addressing the differing tolerance to errors, retransmissions, and buffer buildups. 
The downside of multiple MAC PDUs is increased overhead since each MAC PDU will separately require MAC headers. In our opinion, the benefit of allowing the flexibility outweighs the downside of additional MAC headers. Since a Un link for a relay will likely deliver fairly large transport blocks, the ratio of headers to payload will still be small even if multiple MAC PDUs are used. Of course it is possible to conceive of an extreme case with a large number of MAC PDUs and resulting MAC header overhead. For example a separate Un MAC PDU could be used by the Donor eNB for each user of the Uu link, leading to possibly a large header overhead. However, we believe that the eNB can select number of MAC PDUs in a reasonable way, depending on the traffic mix on Un, the volume of traffic, and the channel quality of the Un link.
We also note that the above discussion is mainly about the downlink of the Un link. On the Un uplink, we believe that there is also an argument to be made for support of multiple MAC PDUs. On the Un uplink, a single lost transmission does not have the effect of starving the Donor eNB. On the other hand, it is still desirable to be able to choose the MCS for delay-tolerant and delay-insensitive traffic using similar reasoning as for the Un downlink above. We believe further analysis is needed to determine whether or not to support multiple MAC PDUs within a TTI on the Un uplink. 
3. Concluding Remarks and Proposals
We have presented an analysis of the potential use of multiple MAC PDUs within a TTI by a Donor eNB transmitting to a given relay on the downlink of the Un link. Our analysis indicates that it is beneficial to allow the Donor eNB the flexibility to use multiple MAC PDUs in a TTI for a given relay, so as to efficiently address the differing tolerances of different traffic types to lost transmissions, delay due to retransmissions, and buffer buildups. On the other hand, further analysis is needed for the Un uplink. Based on this, we propose the following.
Proposal 1:
The Donor eNB should be allowed to use multiple MAC PDUs within a TTI for transmitting to a given relay node on the Un downlink.
Proposal 2:
Whether to allow a relay node to use multiple MAC PDUs within a TTI for transmitting to the Donor eNB on the Un uplink is FFS.
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