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Introduction

In RAN WG2#22 it was decided to specify an Asynchronous DL/Synchronous UL HARQ scheme for HSDPA. The details of the scheme have not been decided however.  This paper discusses two methods for enabling asynchronous operation on the downlink by either combining the HARQ channel identification with the MAC reordering function or by separating the processes so that they are signaled and operated independently.  Issues such as uplink signaling, embedded control signaling on the HS-DSCH and error handling, with respect to these options, are also discussed.

HSDPA Operation

The current modeling assumption for the HSDPA HARQ functionality is that there are primarily two entities - the transmitter and the receiver. The transmitter has both a sending and receiving side. The sending side transmits PDUs over the radio interface using the services provided by the physical layer while the receiving side at the transmitter receives status PDUs from the peer HARQ entity. At the receiver as well there is a receiving side that receives PDUs over the radio interface (and which may include the soft-combining functionality) and a transmitting side that transmits status PDUs.

The downlink operation can be visualized as having N-channels (e.g. N=6) with each channel operating independently of the other. As decided, the timing of these channels is asynchronous.  Anyone of the N-channels may be scheduled at anytime and is not constrained by the CFN.  PDUs transmitted on a given channel are acknowledged (or NACKed) on the uplink with a fixed time relationship to the received downlink HSDPA frame. This defines the synchronous nature of the uplink.

This contribution further assumes that the HSDPA downlink is specified such that:

· An active HSDPA UE continuously monitors the associated DPCH and all the configured shared control channels - the HS-PDSCCH.  Along with the HI bit the UE is also provided an identity of the shared control channel it needs to demodulate. If the UE does not detect a positive scheduling indication on the associated DPCH (i.e. HI bit is not set), the UE will continue to monitor the associated DPCH and all the HS-PDSCCH.  However if the UE detects an indication on the associated DPCH, the UE then checks the HS-PDSCCH for a valid assignment.  If the assignment is deemed valid, the UE demodulates the HS-PDSCH and combines HARQ samples.  If the UE decodes the HARQ data, it will release that data to the higher layers after re-ordering to ensure in-sequence delivery and clear the HARQ buffer.  Otherwise, the UE will continue monitoring the associated DPCH and all the HS-PDSCCH.  In this scheme the HS-PDSCCH shared control channel is sent before the corresponding HSDSCH TTI, and that TF parameters and HARQ parameters are encoded separately

Asynchronous Operation Options

The downlink parameters needing to be signaled on the shared control channel are:   

1. Channel Identity:  This sequence number identifies to the UE which channel's data it needs to combine.

2. Packet Sequence Number:  A sequence number used by the MAC reordering process to in sure in order delivery.

 Two possibilities exist as discussed in RAN WG2#22. 

Method A: combines the functionality of the channel identifier, packet sequence number, and abort indicator.  In this scheme, a 5-bit sequence number is sent on the shared control channel.  The 5-bit sequence number may serve two purposes. The first purpose is to identify a unique HARQ buffer.   The Node B may only work on 6 outstanding HARQ attempts at any time.  Once a HARQ attempt is successful, the Node B selects a new sequence number to introduce a new HARQ attempt.  The second purpose is to number the attempts for re-ordering in the MAC layer.  The MAC-HS at the UE will store MAC TTIs until they may be released, in order, to the RLC process.  Note, 5-bit sequence number limits the maximum size of the reordering buffer for all UEs. This method further provides an implicit means for aborting HARQ attempts.  As stated, the UE receiver is limited to 6 HARQ processes and therefore the Node B can have no more the 6 outstanding HARQ attempts.  Should the Node B elect to abort a HARQ attempt, it may do so by starting a new sequence number as if the oldest attempt was successful.  The UE receiving the 7th outstanding HARQ attempt will drop the oldest (lowest sequence number) and replace it with this new attempt. 
Method B: separates the channel identifier from the packet sequence number and provides an explicit abort indication. In this scheme, a 3-bit channel identifier and 1-bit new packet indicator is sent on the shared control channel. A separate MAC TSN sequence number is sent in a MAC header on HS-DSCH.  The channel identifier identifies that the current attempt is for a unique HARQ instance.  As a limited number of HARQ channels (processes) are available at the UE (e.g. 6), the channel identifier allows the Node B to tightly control the ARQ process. The 1-bit new packet indicator is incremented for each new MAC TTI attempted on an HARQ channel. Once an HARQ attempt is acknowledged by a UE, the Node B increments the New Packet Indicator.  Should an acknowledgement be missed, the UE is able to identify this situation, as the new packet indicator has not been incremented.  Upon detecting this condition, the UE may quickly resend a new acknowledgement.  Alternatively, the Node B may use the new packet indicator to abort a HARQ channel by incrementing the new packet indicator in the absence of acknowledgement.  A UE detecting a change in the state of the new packet indicator will flush the contents of the HARQ buffer and replace with the current attempt.  This method allows the Node B to selectively abort a specific HARQ channel. 

Since the sequence number in case of Method A is used both for indicating a new process as well as for re-ordering at the receiver, it is not possible in this method to abort a particular ongoing HARQ instance. 

The transmission window defines the stall probability. In case of Method B, there is no inherent transmission window. The transmitter can keep moving the transmit window in this case indefinitely - and is only limited by the re-ordering buffer at the UE. In case of Method A, the re-ordering buffer needs to be of the size of the maximum sequence number (less the outstanding HARQ attempt size) - a larger buffer cannot be utilized. The re-ordering memory size in both methods defines the stall probability. However, the memory size for Method A is fixed as it is tied to the sequence number size and therefore Method A offers a fixed stall probability. He stall probability can be improved only by increasing the sequence size - leading to more bits having to be sent on the downlink control channel. However for Method B no such relation exists. Thus, Method B permits differentiation of UEs based on their re-ordering memory sizes and therefore stall probability offered for the HARQ process.

Operators have expressed keen interest in being able to multiplex services with different delay requirements such as streaming and background on the HS-DSCH. In this case, the use of a stream indicator along with the MAC TSN offers a very powerful technique for managing the scheduling and delivery of services. The stream indicator along with the MAC TSN would enable the management of separate re-ordering buffers for the different streams at the receiver. In addition, this would enable the transmitter to selectively abort the HSDPA frames belonging to different streams. In Method B as indicated earlier in order to abort a particular HARQ attempt an implicit scheme such as the receiver aborting the oldest attempt on receiving a SN higher than the receiver can accommodate would need to be adopted.

The additional flexibility and full range of functionality in case of Method B, namely

-
Ability to abort selectively

-
Means of differentiating UEs

-
Independent means of queue  management at the receiver,

make it an ideal candidate for the HARQ scheme. It is therefore proposed to adopt Method B for HSDPA.

Uplink Signaling

The uplink signaling consists of a one-bit ACK/NACK indicator. (In addition it is proposed to have a 4 bit DL quality indicator to assist in scheduling - however, this is not intimately tied to the HARQ protocol). Since the uplink is synchronous, the HARQ receiving side at the transmitter is able to associate the ACK/NACK indication with the associated channel number.

Retransmissions

With an asynchronous downlink HARQ scheme, it is possible to schedule a retransmission for a UE for a given channel identity (process number) at any time after receiving a status message from the UE.

Signaling on HS-DSCH

As discussed in RAN WG2 Tdoc# R2-011726 in order to enable re-ordering of the received PDUs it is proposed to use a MAC TSN. A MAC transmission over a TTI can be seen to consist of multiple PDUs depending on the choice of modulation and coding by the scheduler. A MAC super PDU is created by concatenating the RLC PDUs to be sent in the TTI and a header containing the sequence number is then added - all PDUs within a HSDPA TTI are identified by a single header sequence number. Since there is only one CRC per frame, the process of concatenation and adding a header at the MAC fits in rather well with the subsequent processing steps at Layer 1. A MAC transmission over a TTI can be seen to consist of multiple PDUs depending on the choice of modulation and coding by the scheduler. The MAC-hs at the receiver in turn will release the successfully received RLC PDUs contained within a MAC transmission in order. The MAC-hs receiver would need to keep track of the next expected MAC TSN.  

In addition to the MAC TSN it is proposed to provide a stream indicator. Different service streams multiplexed onto the HS-DSCH would be mapped to different re-ordering buffers and may be treated differently from a scheduling standpoint (for e.g. number of retries prior to an abort).

Error Handling

NACK is detected as an ACK: The one-bit ACK/NACK indicator is repetition coded (10 bits over the first slot). The synchronous uplink scheme achieves very high reliability for this error case and is therefore robust to such error cases. In this case the UE on receiving a new packet with the New Packet Indicator set would flush it's present contents in the HARQ combining memory and start afresh with the new HARQ attempt. 

Lost Status message: If the status message is lost, the network will either abort the HARQ instance depending on the setting of the maximum number of retries or will resend the packet.

ACK is detected as a NACK: This is similar to Case 2. If the network retransmits the packet, the UE will re-send an ACK to the network. If in this case the transmitter at the network sends an abort indicator by incrementing the New Packet Indicator, the receiver at the UE will continue to process the frame as in the normal case.

It is assumed that parameters sent on the shared control channel are protected by a "x" bit long CRC. Therefore bit errors on these parameters are assumed to be sufficiently rare to not require special error handling treatment.

Conclusion

This paper discusses two methods for enabling asynchronous operation on the downlink by either using Method A that combines the HARQ channel identification with the MAC reordering function or Method B that separates the processes so that they are signaled and operated independently.  Method B was found to be more flexible in terms in handling traffic of different delay guarantees by allowing any one of the HARQ channels to be aborted independently and allowing the MAC reordering process to be stream specific. It was further shown that Method B could be supported by embedded signaling on the HS-DSCH in the form of a MAC header containing the MAC TSN and stream indicator.  Finally, some of the obvious error conditions have been discussed showing that the protocol is robust to errors.

