TSG-RAN Working Group 2 #22




R2-011609
Berlin, Germany, 9 - 13 July 2001
Agenda item:
9.2.2

Source: 
Ericsson

Title: 
Comparison of HARQ schemes for HSDPA

Document for:

Discussion, Decision

1 Introduction
A HARQ protocol for HSDPA was proposed in [1] at WG2 #21. In this document, the properties of the protocol described in [1] is compared with the properties of other previously described solutions [7,8,9,10]. The protocols can roughly be divided into groups based on how the signalling is done in downlink and uplink respectively. 

Protocols with asynchronous downlink uses an explicit signalling to identify a data block, whereas in a protocol with synchronous downlink, a data block is identified based on the time point a data block is received. A protocol with asynchronous uplink uses sequence numbers or other explicit identification of the feedback messages whereas protocols with synchronous uplink identifies the feedback messages based on the time when they are received. 

Some possible combinations are:

· synchronous downlink with synchronous uplink (sync/sync), e.g. synchronous N-channel Stop-&-Wait

· asynchronous downlink with synchronous uplink (async/sync), e.g. asynchronous N-channel Stop-and-Wait and A2IR

· asynchronous downlink with asynchronous uplink (async/async).

The protocol described in [1] is hereafter for simplicity denoted “the async/async scheme”, although other solutions with asynchronous downlink and uplink have been presented. 

2 Protocol properties

2.1 In-sequence delivery

It has previously been identified [5,6] that in-sequence delivery needs to be provided to the RLC layer. In-sequence delivery is automatically provided by the async/async scheme as data blocks are not released from the receiver as long as data blocks with lower sequence numbers are under retransmission by the HARQ entity. Both RLC data PDUs and control PDUs can be delivered in-sequence to the RLC layer.

Protocols that do not use sequence numbers in the downlink (especially protocols with synchronous downlink), have to rely on the RLC sequence numbers to provide in-sequence delivery. One drawback with a solution based on RLC sequence numbers is that UM RLC may not be possible to use.  With a peak data rate of 10 Mbit/s, approximately 6700 bit can be transmitted in a slot, which corresponds to 21 RLC PDUs with a PDU size of 320 bit. Thus, in a 3 slot TTI, 63 RLC PDUs can be transmitted. If UM RLC is used, only 128 RLC PDUs can be outstanding to avoid wrap around ambiguity in the receiver , i.e. the protocol will stall after 2 TTIs.

Another drawback with a protocol that relies on RLC sequence numbers to provide in-sequence delivery is that RLC control PDUs (e.g status PDUs) can not be delivered in-sequence to RLC. The control PDUs do not have sequence numbers and consequently have to be delivered to RLC when they are received by the HARQ layer. If the order of the status PDUs are changed it may cause problems in the RLC protocol.

For example, the change of the reception order of RLC control PDUs can lead to a RLC reset. Consider e.g. the case where a first status PDU consists of NACKs for RLC PDUs 1,2,3. Shortly after, the PDUs 1,2,3 are received in the peer entity and a second status PDU consisting of an ACK for the same PDUs is transmitted. If the order of these status PDUs is changed, an RLC reset will be initiated (indication of missing PDUs outside the Tx window, see 25.322 section 10).

2.2 Memory requirement

The memory requirement in the receiver is dependent on the receiver window size,  the round trip time of the HARQ layer and the frequency of the status reporting. To achieve maximum performance soft samples need to be stored for the maximum number of outstanding data blocks. In the async/async scheme the maximum number of outstanding data blocks in the transmitter is determined by the value of the retransmission timer. In the example below, a retransmission timer with the value of 4 TTIs is used. The value of the timer need to be slightly higher than the RTT. As can be seen in the figure, there is never more than 4 outstanding data blocks at a given time. The receiver buffer need to be dimensioned for this maximum value.
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Figure 1 Example of protocol operation. A data block is retransmitted if it is not acknowledged when the retransmission timer for the data block expires.

In the previously described  SAW schemes, a retransmission occurs a given number of slots, N, after a transmission of a data block. Also for SAW the value N has to be selected slightly higher than the RTT. To summarise, the same amount of soft samples need to be stored for the proposed schemes.

In addition to the soft samples described above, correctly received data blocks also need to be stored in the receiver to provide in-sequence delivery. The maximum number of correctly received data blocks that need to be stored depends on the desired stall probability of the protocol but is equal for the described protocols and equals the window size-1 for the protocol described in [1].

Note that the UE buffer size is likely to be a UE capability. If the UE buffer size is less than the value required to achieve maximum throughput, the performance will be degraded. In this scenario there is a gain with asynchronous uplink (acks can be received faster than the max processing delay) as described in Section 2.5.2.

2.3 UL signalling requirements

The async/async scheme described in [1] uses a status message format with a 5 bit sequence number and a one bit flag, in total 6 bits. A scheme with synchronous uplink only needs to signal one bit (ack/nack). RAN1 evaluations [4] indicate that these 6-bit feedback messages require in the order of 2.5 dB higher energy per status message, compared to binary status messages. 

The energy needed for the status message is only a part of the total uplink transmission from a UE. Thus, the increase in overall UE transmit power is less then the increase in energy for the status messages. 

It shall also be noted that only one or at most a few UEs are transmitting status messages in a TTI. Thus, the increase in overall interference due to increased status message energy is even smaller. 

2.4 Error detection capabilities

It may occur that status messages contain undetected bit errors. It is desired that the HARQ protocol is robust towards such errors and that error situations can be detected.

In an ACK/NACK based feedback scheme, a received status message is identified by the time when it is received. If a NACK is interpreted as an ACK (or vice versa) this can not be detected in the transmitter. It is currently not described how the proposed SAW schemes can handle corrupt status messages.  

In async/async protocol described in [1], protocol errors (e.g. undetected bit errors) can be detected in the transmitter by identifying inconsistent status messages. If one received status message is inconsistent with previously received status information, an error recovery procedure can be initiated. A number of corrupt messages can be detected in the transmitter, and an error recovery procedure can be initiated e.g. in the following cases:

· A data block that is not yet transmitted is acknowledged

· A data block that is outside the transmitter window is acknowledged

· A data block is acknowledged with an ACK twice (not possible according to the status transmission rules)

· An ACK is received with a sequence number less than a previously received CACK

2.5 Timing issues

2.5.1 Variable processing delay

The processing delay for status messages in the UE, i.e. the time between when a data block is received and a status message can be transmitted, is variable. E.g. the number of iterations needed in the turbo decoding  is varying and dependent of the received MCS and the received signal quality. The processing delay may also vary due to e.g. battery status and processing requirements of parallel tasks.

In a scheme based on a synchronous uplink, the status message has to be transmitted at a fixed delay after the reception of the data block. Thus, the delay has to be dimensioned after the maximum UE processing delay. This implies that in many cases, the status message is unnecessarily delayed a number of slots which will negatively affect the protocol performance as described in Section 2.5.2. 

In schemes with asynchronous uplink, e.g. the scheme described in [1] a status message does not have to be transmitted a fixed delay after the reception of a data block. Instead the status message is transmitted as soon as the UE has finished the processing tasks (turbo decoding, etc) associated with the status message. A maximum processing delay, which the UE does not exceed, is desirable to specify as a UE capability. The asynchronous scheme can benefit in performance in the cases where the processing time is short (a status message is received faster in the transmitter and the transmission of new data blocks may be done quickly). 

2.5.2 Stall avoidance

It is clear that the RTT is determined by the UE processing delay.  The retransmission timer in the async/async scheme and the number of channels, N, in the N-channel-stop and wait, has to be set higher than or equal to the maximum RTT. To achieve maximum performance, a UE need to be able to buffer soft samples from all data blocks that can be received in the RTT (assuming that the retransmission timer and value N in the respective schemes are set equal to the RTT).

It is likely that some UEs with low processing capability (high RTT) will not be able to buffer data in the whole RTT. As an example, a UE with a processing delay that gives a RTT of 8 TTIs may only be able to buffer soft samples from 4 TTIs. In a scheme with synchronous uplink, this implies that the maximum duty cycle of the protocol is ½ (4/8), see Figure 2 below. 
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Figure 2 Example of synchronous UL operation. The limited UE buffer capability of 4 TTIs lead to a duty cycle of  8/16 (In 16 TTIs, 8 TTIs can be utilised for data transmission to the UE).

In a scheme with asynchronous uplink, the duty cycle can be increased due to the fact that the status messages are many times transmitted earlier than the maximum processing delay in the UE. This is shown in  Figure 3 below.
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Figure 3 Example of asynchronous UL operation. The ACKs for SN 1 and 2 are transmitted earlier than the max delay of 8 TTIs. The resulting duty cycle in the example cycle is 10/16. 

2.6 Robustness against lost status messages

Regardless if the HARQ protocol uses asynchronous or synchronous uplink, status messages can be lost (not detectable in the NodeB). In both schemes with asynchronous and synchronous uplink, lost status messages will cause a retransmission of the data block that was referred to in the status message. In case the lost status message contained an ACK, the retransmission is unnecessary which will negatively affect the performance.

In the asynchronous scheme, status messages will in many cases be received before the maximum RTT i.e. before the corresponding data block is scheduled for retransmission (due to the varying UE processing delay as described in section 2.5).

In the case where the processing delay is low, the reception of a subsequent status message may prevent the unnecessary retransmission as shown in the example below.
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Figure 4 Example how unnecessary retransmissions can be avoided in case of lost status messages. Without the CACK scheme, data block 2 would have been retransmitted due to the lost status message.

3 Discussion

The properties of the async/async HARQ protocol described in [1] has been compared with the properties of other previously described HARQ schemes for HSDPA. 

A scheme based on sequence numbers in the downlink offers properties like in-sequence delivery and increased scheduling flexibility. A scheme with synchronous downlink have to include solutions for providing in-sequence delivery based on RLC sequence numbers which cause problems for both UM (insufficient SN range) and AM (in-sequence delivery of status messages). No complete solution for in-sequence delivery for synchronous schemes have been presented.

A scheme based on an asynchronous uplink can benefit from the varying processing delay (due to e.g. turbo decoding) in the UE. Stall avoidance is a property that is improved with an asynchronous uplink, given that the protocol is designed properly. Further, the robustness against lost status messages can be improved with the proper design of a scheme with asynchronous uplink.

It has been shown that the memory requirement for all proposed schemes are equal and does not provide guidelines for the selection of HARQ protocols. 

An asynchronous uplink requires higher transmitter power to signal the information in the status messages. RAN1 have indicated 2.5 dB in increased energy per status message that is required. It shall be noted that the total increase in signal power is significantly less when also other uplink transmissions are considered. The increase in total interference is even smaller since only one or at most a few UEs are transmitting uplink status messages in a TTI.

In summary, there are a number of benefits with both asynchronous downlink and asynchronous uplink. To utilize the asynchronous downlink, a sequence number based scheme should be used (in contrast to e.g. signalling of queue numbers). 

The HARQ async/async protocol described in [1] combines the positive properties of both an asynchronous downlink and asynchronous uplink. 

It shall also be noted that an arbitrary protocol does not automatically get the positive properties mentioned just because an asynchronous uplink or downlik is used. The details of the protocol must be selected carefully to achieve a complete concept with the desired functionality. 

4 Conclusion and Recommendation

It is deemed that the protocol described in [1] contains the most complete proposal for HSDPA, including solutions for in-sequence delivery. It is therefore recommended that this protocol is used as a basis for further discussions and is included in the HSDPA technical report as a working assumption.
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