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Unicast transmission assisted HARQ for enhanced MBS
Xiaolong ZHU, Hongwei YANG, Yonggang Wang
Alcatel Shanghai Bell Co., Ltd.
1. Introduction
In the standard IEEE P802.16Rev2/D5, multicast and broadcast service (MBS) is specified as an efficient method for concurrent transport of data common to a group of users. MBS can be deployed in two scenarios: single-cell deployment and multi-cell deployment. The former contains only one BS while the latter multiple BSs in a certain MBS zone. 

In the standard IEEE P802.16Rev2/D5, it is also stated that ARQ and HARQ are not applicable to MBS connections as there is no feedback from the BS at layer 1 or layer 2. MBS may be used with time-diversity similar to that used in HARQ transmissions where some HARQ parameters are used for MBS bursts to allow proper sequencing and time diversity combining when MBS bursts are repeatedly transmitted, but without any layer 1 or layer 2 acknowledgement from the MS.
Since a BS serves simultaneously multiple MSs that may experience totally different channel conditions, the modulation and coding scheme (MCS) for MBS bursts is usually determined in such a way that most of the users can be covered. As a result, some users cannot be served with MBS due to bad channel conditions. To extend the coverage of MBS, the BS can select to transmit repeatedly the MBS bursts regardless of the number of users that cannot recover the MBS bursts. Obviously, this type of retransmission shall reduce the spectrum efficiency of MBS because most users generally have already detected successfully the MBS packets.
In order to extend the coverage and improve the spectrum efficiency of enhanced MBS, this contribution proposes a unicast transmission assisted HARQ mechanism for enhanced MBS.
2. Unicast transmission assisted HARQ
Suppose BS1 serves a group of users including MS1 with enhanced MBS services and it also serves MS1 with unicast services, as shown in Figure 1. In the case of multi-cell deployment, this group of users also receives the MBS services from other BS(s) like BS2 in Figure 1. The MBS and unicast services can operate in different carriers or in time-division multiplexing (TDM) mode by sharing a common carrier.
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Figure 1: Illustration of enhanced MBS deployment. For the single-cell MBS, the MBS connections from BS2, as shown by dotted red lines, do not exist. Besides the MBS, MS1 is also served with unicast services from its serving BS1. MBS and unicast links can operate in different carriers or share a common carrier.
As depicted in Figure 2, the key idea for unicast transmission assisted HARQ for enhanced MBS includes the following points.
· The user can receive not only unicast services from its serving BS but also enhanced MBS services from its serving BS and possible other BS(s). 
· When the user, MS1, fails to recover one MBS packet, it makes a decision whether to report a NACK of this packet to its serving BS, BS1, on the unicast uplink. For example, if this MBS packet is of high priority, MS1 sends a NACK to BS1. For another example, if this MBS packet is not important or there is no free unicast uplink (fast-feedback channel) resource for NACK report, MS1 does not send the NACK message to BS1.
· After BS1 receives a NACK from its served user MS1, it makes a decision whether and how to retransmit the MBS packet. If many users report the NACK messages for the same MBS packet, BS1 can select to retransmit this MBS packet on the MBS link. Alternatively, if only a few users send the NACK messages, BS1 can reject the request for retransmission or schedule appropriate unicast downlink resource to perform the retransmission of the false MBS packets.
· If the BS1 decides to retransmit the enhanced MBS packet on the unicast downlink, it may adjust the MCS level of this packet or apply an enhanced unicast technique like beamforming and closed-loop MIMO (Note that such unicast techniques may be not available for MBS due to concurrent transport of MBS to a group of users). The serving BS1 can also request other BS(s) to perform jointly transmission or suppress interference to MS1 on the scheduled unicast downlink.
· MS1 receives the enhanced MBS packet and recovers it using e.g. the soft combining technique where both the originally received packet on the MBS link and the newly received packet on the unicast downlink are utilized. 
· If MS1 still fails the recovery, it can give up this MBS packet or select to report another NACK to its serving BS and request another retransmission.
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Figure 2: An example of unicast transmission assisted HARQ procedure for enhanced MBS. MS1 is capable to receive the MBS services and unicast service from BS1. In the case of multi-cell deployment, MS1 also receives the MBS packets from other BS(s). Enhanced MBS and unicast links can operate in different carriers or share a common carrier.
The proposed HARQ mechanism for enhanced MBS is expected to impact the PHY, MAC and upper layers. For example, the MS shall have a capability to report the NACK of its MBS packet on the unicast fast feedback channel. The BS shall have a capability to allocate a unicast connection for enhanced MBS packet and retransmit this MBS packet on the unicast downlink. Nevertheless, the MBS can benefit greatly from the unicast transmission assisted HARQ technique. First, the coverage of MBS is extended due to the fact that some users with bad channel conditions can be served with MBS through the HARQ. Additionally, many advanced unicast techniques, like beamforming, closed-loop MIMO and multi-cell MIMO, can also be used to improve the retransmission quality (Note that such unicast techniques are not applicable to MBS due to concurrent transport of MBS to a group of users). Second, the spectrum efficiency of MBS is improved by applying a relatively aggressive MCS level for the users with bad channel conditions and avoiding duplicate transmission of MBS packets to the users with good channel conditions. Though the users with bad channel conditions are beyond the scope of previous MBS connections, they can still recover the MBS packets with the aid of HARQ transmission on the unicast downlink.
3. Tex proposal
-----------------------------------------------Start of Text Proposal for SDD-------------------------------------------
In order to extend the coverage and spectrum efficiency of enhanced MBS, unicast transmission assisted HARQ shall be supported. The MS is capable to report the NACK message of a false MBS burst on its unicast uplink and the BS is capable to retransmit the MBS burst on the unicast downlink after it receives a corresponding NACK from this served MS
---------------------------------------------- End of Text Proposal for SDD---------------------------------------------
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