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Introduction

At the RAN1/2 workshop on E-DCH in Cannes there were long discussions on the use of synchronous or asynchronous HARQ processes for E-DCH, but no conclusions could be drawn.  This paper proposes a compromise, which combines the flexibility of asynchronous HARQ but keeps the efficiency of the synchronous approach.

General Aspects of Processes

It should be noted that a process is not only related to a transmission entity but is in addition related to a certain amount of physical memory, which consists of hard bit memory in the transmitting UE and soft bit memory in the receiving NodeB. The number of HARQ processes available in both UE and NodeB will be constrained by memory limitations.  This may impact multiplexing of different services and efficient QoS provision:

· The stop and wait mechanism inherently introduces gaps in the transmission for a particular process, which are necessary for processing received data and sending ACK/NAK. The length of this gap will depend, amongst other things, on the processing capability of the receiver. Continuous transmission is achieved by increasing the number of HARQ processes until the gap is filled.

· Once, data is transmitted by a particular process, this process will be occupied until the data is received correctly and the process is free for new data. The minimum process occupation time, i.e. the time before a process can be reused, depends on the processing time as described above. If retransmissions are required then this time is increased by integer multiples of this minimum process occupation time. Even, if the targeted average number of retransmissions will be approx. 1.2, it could happen in case of bad channel conditions and a certain number of processes running for continuous transmission, that the E-DCH would be blocked for a while for a higher priority service, if it were not possible to start immediately with a free process for this service.

One method to overcome this situation is to abort a process, mark its data as not transmitted in the UE and discard its data in the NodeB HARQ buffer and restart the process for the new service.

Another method will be to stall a process and allow insertion of one or more other processes. The stalled process could be resumed later on. This of course is only possible if enough free processes are available.

Both methods will require additional out-band signalling and/or will cause waste of bandwidth if already transmitted data are discarded.

Synchronous vs. Asynchronous Processes

Three major criteria for comparison are examined:

· Out-band signalling overhead

· Flexibility for fast scheduling of data of high prior services.

· Robustness against signalling errors  

Synchronous Processes

In the synchronous process mode, the process identity is related to the CFN and can be derived in the node B without explicit signalling:

Advantages:

· Lowest signalling effort, because the explicit signalling of a process number is not necessary.

· Robustness against signalling errors:

· If a signalling error causes de-synchronisation of a process between UE and node B. Only a particular process will be affected by the signalling error.

· Robustness against buffer corruption: 
It would not be possible to corrupt combining buffers in the node B, by combining received data of different processes.

Disadvantages:

· Low flexibility for fast scheduling of data of high prior services:
Once a process is started, then itself and the related SFNs are occupied until the reception of data was positively acknowledged and data for a higher prior service cannot be immediately scheduled. There are a few possibilities to solve the problem:

· Abort of process with the current data and reschedule with the data of the higher priority service:
+
Supports immediate reuse of a process for higher priority data.
-
Data of the aborted process has to be retransmitted.

· Wait for the next free process or at least for a certain time interval until a process is free before one is aborted:
+
No data has to be retransmitted
-
Might take a while or at least a certain time interval, in case other processes are also occupied. In the later case, data still have to be retransmitted

There are methods to increase the flexibility, but all of them will increase either the interference caused by increased number of retransmissions or the transmission delay.

It should be noted here, that the transmission delay was an essential argument in the discussion regarding the 2 ms TTI and therefore all factors, which introduce an additional delay are seen as a major drawback.

Asynchronous Processes

In the asynchronous process mode, the process identity is explicitly signalled by means of out-band signalling

Advantages:

· Highest flexibility to fast scheduling of data of high prior services, given enough processes are configured:
As long as there is a free process available, it can be scheduled with data of a high prior service at any time while processes occupied, by a lower prior service can be stalled.

Disadvantages:

· High signalling effort caused by the out-band signalling of the process number:
The signalling load depends on the total number of configured processes: 

· To provide continuous transmission a certain minimum number of processes is necessary, e.g. 4. 
To provide the proper flexibility the number of buffers should be larger than the minimum, e.g. 8, which results in 3 bits. The number of processes influences also the memory requirements.

· Less robustness against signalling errors:

· If the process number was misinterpreted then combining buffers of processes will be corrupted since the node B will combine data of different processes. In this case, the transmission of  2 processes would be affected by this misinterpretation. 
Since the process number misinterpretation can happen in arbitrary combination, there is no protection of higher prior services buffers against corruption by processes assigned to lower prior services.

· If also the new data indicator was misinterpreted then 2 processes in the node B could get out of sync in respect to UE.

To achieve robustness the cost of signalling would be increased by protection against misinterpretation.

Hybrid Processes

The hybrid process mode works like the synchronous mode, with the difference that there is a set of processes configured per CFN instead of a single process. The actually used member of the set would be indicated by means of out-band signalling.

Advantages:

· Reasonable Flexibility to data to fast scheduling of data of high prior services:
If a process of a set is occupied, then another free member of the set can be immediately used for transmission. Of course the number of processes per set influences the flexibility, but as there are mainly 2 different kinds of service in the system: real time, e.g. streaming and non real time, e. g.  I/B service, a number of 2 processes in a set are considered to be sufficient.

· Modest signalling overhead:
From the flexibility point of view a set size of 2 processes is sufficient which means, that a 1bit indicator can be used and still provides reasonable flexibility.

· Robustness against signalling errors:

· Robustness against buffer corruption: 
It would not be possible to corrupt combining buffers in the node B, by combining received data of different set of processes.
If it comes to misinterpretation of the member indicator, then its only the buffer of the lower prior service, which is corrupted while of course the transmission is missing for the high prior service. This is, because a higher prior service once started in a process will be transmitted until finished.

· If a signalling error causes de-synchronisation of a process between UE and node B only a particular set of process will be affected by the signalling error.

Disadvantages:

· The number of processes is automatically a multiple of the number of process sets. This influences the memory requirements.

Minimum TFCS State

If UE is in minimum TFCS state through bad UL channel conditions, the UL out-band signalling for HARQ may add additional burden to the UE UL power requirements. 

In a synchronous or hybrid mode a stalling of the running processes could be explicitly signalled with a "nod data" indicator, which means that a certain power headroom should be provided for this signalling.

In asynchronous mode with a CRC protecting the process id, the UE could stop any UL out-band signalling for HARQ. 

Conclusion

For the selection of process mode for HARQ, the flexibility, signalling overhead and robustness against signalling errors are seen as the major points for decision:

Asynchronous process mode:

+ High flexibility for fast scheduling of high prior services, e.g. real time services.

- High signalling overhead for transmission of process numbers and protection for adequate robustness against signalling errors.

Synchronous process mode:

+ Low flexibility for fast scheduling of high prior services, e.g. real time services.

- Low signalling overhead for indication of "no data"; uncritical robustness against signalling errors.

Hybrid process mode:

+ Reasonable flexibility for fast scheduling of high prior services, e.g. real time services.

+ Modest signalling overhead for indication of process set member and of "no data"; uncritical robustness against signalling errors especially for high prior services.

The hybrid process mode provides a good compromise for reasonable flexibility and modest signalling. Therefore it is proposed to adopt the hybrid process mode as a working assumption for HARQ for E-DCH.

