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1
Introduction

The HARQ section in [4] assumes synchronous HARQ operation for the UL of SC-FDMA. The same recommendation was made in [5] in RAN1#43 for the OFDMA based DL but the document was not covered due to lack of time.  

This contribution goes over the specific interaction of synchronous HARQ in the DL with the multiplexing of E-MBMS services and with the overlapping of scheduled measurement occasions. 
2
Scenarios

The DL PHY channels relevant for this discussion are the Shared Downlink Control Channel (SDCCH) carrying the DL PHY resource assignment, and the Shared Data Channel (SDCH) carrying the user data. More details about the DL PHY channels can be found in [1]. 

With synchronous HARQ, the DL PHY resource assignment is just done over the first transmission. However, the SCCH is transmitted in all TTIs as it can allocate orthogonal resources in that same interlace for the same user (as an extension of the current assignment) or for different users. Further, as it happens in HSDPA operation with the HS-SCCH, multiple SDCCHs may be transmitted within the same TTI to allow scheduling of multiple users within the same TTI. 

The SDCH by definition is a shared channel and, therefore, the DL PHY resources will be assigned to one or more users following the assignment advertised with the associated SDCCHs.
2.1
Nominal scenario

Operation of synchronous HARQ with Incremental Redundancy (IR) entails transmission on a particular interlace (HARQ instance). In case of unsatisfactory reception of the first transmission, subsequent re-transmission(s) on the same interlace are carried out to lower down the effective transmission block code rate and, hence, improving the decoding performance. 

Figure 1 shows synchronous HARQ operation in the nominal scenario. In this and the other examples in this document we assume 4 interlaces for synchronous HARQ operation. It should be noted that this number of interlaces is just for illustration purposes. 

As can be seen in this figure, in the nominal scenario, the transmissions start in a particular interlace and the re-transmissions happen in that same interlace until a positive acknowledgement is received from the target UE or until the max number of re-transmissions is reached. 
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Figure 1. Synchronous HARQ – Nominal Scenario
2.2 Boundary scenarios

One can envision several cases where the operation as in the nominal scenario (section 2.1) is altered by what we denote “boundary scenario”. Such sort of boundary scenario may occur, for example, in the following cases:   

· Multiplexing of unicast and multicast traffic within the same interlace

· Overlapping of measurement occasions with synchronous HARQ traffic

Figure 2 shows regular user data transmission through SCCH/SDCH, this transmission is interrupted by an E-MBMS transmission within the same interlace. 
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Figure 2. Example of “boundary scenario” with E-MBMS transmission

As we can see from Figure 2, the ACK/NAK transmitted by the UE is received at the network and kept “on hold” until the next chance to have a new transmission or a retransmission over the SDCH. 

Figure 3 presents another “boundary scenario” where the regular SCCH/SDCH transmission is interrupted by a measurement occasion. 
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Figure 3. Example of “boundary scenario” with DL Measurement occasion gap

3 Discussion

As we can see from the “boundary scenario” examples in Figure 2 and Figure 3, the ACK/NAK commands by the UE are kept “on hold” at the network and they are taken into account in the next available chance (once the regular SCCH/SDCH transmission resumes). 

Therefore, E-UTRAN and the relevant UE(s) are assumed to have the knowledge of the interruption of the regular transmission of the SCCH/SDCH. 

In the case of a boundary collision with an E-MBMS transmission:

· E-UTRAN is aware that the MCCH/MTCH is being transmitted (potentially colliding with regular SCCH/SDCH).
· UEs are assumed to receive the MCCH providing the assignment information for the E-MBMS service in that interlace. The location of the MCCH transmission and its corresponding format is advertised in the CCPCH (see [1] for the DL PHY channels overview).

In the case of a boundary collision with a measurement occasion:

· E-UTRAN is aware of the measurement gap starting point and duration.
· The UEs are aware of the DL transmission gaps for measurement occasions as they are multicast to the entire cell for the knowledge of the UEs. 
Other ways to address these boundary scenarios may exist but would reduce multiplexing flexibility (unicast/multicast) or could increase the scheduler complexity. 

For example, for multiplexing multicast and unicast traffic:

· A set of interlaces could be assigned to unicast traffic and another set of interlaces could be dedicated to multicast traffic e.g. E-MBMS.

· Pure FDM multiplexing (with no frequency collisions) of unicast and multicast traffic – which would entail a link efficiency loss for unicast (transmission with long CP).

For example, for scheduled DL transmission gaps for measurement occasions:

· E-UTRAN could make DL PHY resource assignments that are valid until the start of the transmission gap. [3] goes over the different types of DL PHY resources assignments. 

In addition, for both boundary scenarios,

· E-UTRAN’s scheduler could target earlier termination of SDCH transmissions so that there is no collision of transmissions for SDCH and DL transmission gaps or multicast traffic. 

4
Conclusions

This document has presented different scenarios for synchronous HARQ operation. The nominal operation does not present any issues, however, there are cases causing “boundary scenarios” that need to be addressed somehow. Boundary situations caused by time multiplexing of unicast and multicast traffic as well as the scheduling of DL transmission gaps have been presented and discussed. It should be noted that there may be more cases causing a “boundary scenario”. However, multiple solutions to overcome these boundary scenarios exist and, therefore, they are not a detriment for the advantages of synchronous HARQ operation. 

As a result, the incorporation of the text proposal (below) in [4] is recommended. Note that with this text proposal, the description of HARQ operation for the DL of E-UTRA is aligned with the description of HARQ operation in the UL already in [4]. 
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--------------- Start of Text Proposal ---------------
7.1.2
Physical layer procedure
7.1.2.1

Scheduling
7.1.2.2

Link adaptation

7.1.2.3

HARQ
Downlink hybrid ARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
The capability of adaptively being able to change the packet format (i.e., adaptive IR) and the transmission timing (i.e., asynchronous IR) yields an adaptive, asynchronous IR based HARQ operation. Such a scheme has the potential of optimally allocating the retransmission resources in a time varying channel. For each HARQ retransmission, control information about the packet format needs to be transmitted together with the data sub-packet.

Synchronous HARQ transmission entails operating the system on the basis of a predefined sequence of retransmission packet format and timing. 

The benefits of synchronous HARQ operation when compared to adaptive, asynchronous IR based HARQ operation are: 

· Reduction of control signalling overhead.
· Lower operational complexity.
· Possibility to soft combine control signalling information across retransmissions for enhanced decoding performance.
Therefore, for the purpose of the feasibility study, synchronous HARQ operation is assumed for the OFDMA based E-UTRA downlink. The impact of ACK/NAK signalling errors on synchronous HARQ operation needs further study.

Adaptive asynchronous HARQ is for further study.
7.1.2.4

Cell search
7.1.2.5

Power control
Downlink power control for physical/L2-control signaling channel, at least tracking path loss and shadowing, should be investigated during the study item.
--------------- End of Text Proposal ---------------
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