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1. Introduction

At RAN1#43, synchronous hybrid ARQ was taken as the main assumption for the E-UTRA uplink. However, no discussion was held about the downlink hybrid ARQ scheme. From the perspective of protocol operation, uplink and downlink are similar and similar advantages as for synchronous operation in the uplink is expected to hold for the downlink. However, there are some additional aspects in the downlink that merits further discussions.

For the purpose of this paper, the terms synchronous hybrid ARQ and non-adaptive hybrid ARQ are defined as:

· Synchronous hybrid ARQ implies that the hybrid ARQ process number
 does not need to be explicitly signaled, but can be derived from other information available to both the Node B and the UE, e.g., subframe number. An asynchronous protocol requires explicit signaling of the hybrid ARQ process number.

· Non-adaptive hybrid ARQ implies that the transmission format (modulation scheme, number of resource units) cannot be changed between transmission and retransmission. An adaptive hybrid ARQ scheme allows retransmissions to have a different transmission scheme than the original transmission.

With those definitions, HS-DSCH uses an adaptive, asynchronous hybrid ARQ scheme, while E-DCH uses a synchronous, non-adaptive hybrid ARQ scheme. In this paper, some aspects of synchronous hybrid ARQ are discusses. Adaptive vs non-adaptive is not further discussed in this contribution.

2. Discussion

In a synchronous scheme, the hybrid ARQ process number n can be derived from the subframe number i, i.e., n = i mod NumberOfProcesses. This is illustrated as case A in Figure 1. As seen in the figure, retransmissions take place at the next time the same hybrid ARQ process number reappears, i.e., NumberOfProcesses subframes after the initial transmission. In the following, the interaction between synchronous hybrid ARQ operation and TDD or MBMS, respectively, is discussed. 

In case of TDD operation, it may not be possible to retransmit NumberOfProcesses subframes after the initial transmission as that subframe may be reserved for uplink transmission. Either the process number is tied to the subframe number in the same way as for FDD and the retransmission occurs the next time the hybrid ARQ process number ‘appear’ in a downlink subframe. This is case B in Figure 1. Alternatively, the numbering can be redefined so that only downlink subframes are ‘counted’ (case C in Figure 1). This is possible as the uplink/downlink configuration is known to all UEs and modified relatively infrequently. Finally, note that, if the number of subframes per radio frame is an multiple of NumberOfProcesses (e.g., 5, 10 or 20 hybrid ARQ processes in case of LTE), the problem disappears as certain hybrid ARQ processes can be deactivated. 
A similar situation may occur with MBMS. For MBMS, one approach is to allocate some downlink subframes for MBMS transmission ‎[1]. In those subframes, no retransmissions can occur
. In principle, the same solutions as for TDD could be applied here, given that all UEs are aware of the allocation of MBMS subframes. This knowledge could, for example, be obtained by requiring all UEs, regardless of whether they subscribe to MBMS or not, to read the appropriate MBMS control signaling (MSCH in Rel6 terminology). One possibility is to transmit the MBMS scheduling information for the upcoming time interval regularly, e.g., once per second, on the same channel as used for unicast and MBMS transmissions. Also, not that MBMS subframes typically occur less frequent than TDD uplink subframes, making the different between case B and C smaller than for TDD.

Note that the issues discussed above are applicable to a synchronous operation only. In an asynchronous scheme, no relation between subframe number and process number needs to be defined due to the explicit signaling of the process number, signaling that comes at the cost of increased overhead and handling of potential error cases.

Furthermore, note that the TDD aspect of synchronous hybrid ARQ as described above is equally applicable to the uplink. 
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Figure 1: Hybrid ARQ process numbers. FDD at top (case A), two different approaches to TDD below (case B and C). Six hybrid ARQ processes are used in this example.
3. Conclusion

Some aspects of synchronous hybrid ARQ operation has been discussed and two solutions to the interaction with MBMS and TDD have been outlined.
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� Assuming an hybrid ARQ protocol based on multiple stop-and-wait processes as is used for HSDPA and enhanced uplink.


� If a subframe is shared in the frequency domain between MBMS and unicast data, retransmission may occur. However, note that such an approach still requires downlink signaling for resource allocation, e.g., to inform the UE about the resource allocation in the retransmission as it may differ from the original allocation due to the presence of MBMS transmissions.
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