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In this contribution, detailed text on HARQ aspects for the TR is proposed.

7.2 HARQ

HARQ is an implicit link adaptation technique. Whereas, in AMC explicit C/I measurements or similar measurements are used to set the modulation and coding format, in HARQ, link layer acknowledgements are used for re-transmission decisions. There are many schemes for implementing HARQ - Chase combining, Rate compatible Punctured Turbo codes and Incremental Redundancy. Incremental redundancy or H-ARQ-type-II is another implementation of the H-ARQ technique wherein instead of sending simple repeats of the entire coded packet, additional redundant information is incrementally transmitted if the decoding fails on the first attempt. 

The choice of H-ARQ mechanism however is important. Window based Selective Repeat (SR) is a common type of ARQ protocol employed by many systems including RLC R99. SR is generally insensitive to delay and has the favorable property of repeating only those blocks that have been received in error. To accomplish this feat, the SR ARQ transmitter must employ a sequence number to identify each block it sends. SR may fully utilize the available channel capacity by ensuring that the maximum block sequence number (MBSN) exceeds the number of blocks transmitted in one round trip feedback delay.  The greater the feedback delay the larger the maximum sequence number must be.  However, when Hybrid ARQ is partnered with SR, several difficulties are seen.

· Node-B memory requirements are high. The Node-B must store soft samples for each transmission of a block.  A large MBSN requires significant storage in the Node-B’s.

· Hybrid ARQ requires the receiver to reliably determine the sequence number of each transmission.  Unlike conventional ARQ, every block is used even if there is an error in the data.  In addition, the sequence information must be very reliable to overcome whatever channel conditions have induced errors in the data.  Typically a separate, strong code must be used to encode the sequence information, effectively multiplying the bandwidth required for signaling

Stop-and-wait is one of the simplest forms of ARQ requiring very little overhead.  In stop-and-wait, the transmitter operates on the current block until the block has been received successfully.  Protocol correctness is ensured with a simple one-bit sequence number that identifies the current or the next block.  As a result, the control overhead is minimal.  Acknowledgement overhead is also minimal, as the indication of a successful/unsuccessful decoding (using ACK, NACK, etc) may be signaled concisely with a single bit.  Furthermore, because only a single block is in transit at a time, memory requirements at the Node-B are also minimized.  Therefore, HARQ using a stop-and-wait mechanism offers significant improvements by reducing the overall bandwidth required for signaling and the Node-B memory.  However, one major drawback exists: acknowledgements are not instantaneous and therefore after every transmission, the transmitter must wait to receive the acknowledgement prior to transmitting the next block.  This is a well-known problem with stop-and-wait ARQ.  In the interim, the channel remains idle and system capacity goes wasted.  In a slotted system, the feedback delay will waste at least half the system capacity while the transmitter is waiting for acknowledgments.  As a result, at least every other timeslot must go idle even on an error free channel. N channel stop-and-wait Hybrid ARQ offers a solution by parallelizing the stop-and-wait protocol and in effect running a separate instantiation of the Hybrid ARQ protocol when the channel is idle.  As a result no system capacity goes wasted since one instance of the algorithm communicates a data block on the reverse link at the same time that the other communicates an acknowledgment on the reverse link.  However, the receiver has to store N blocks for this scheme.

The user and system benefit of HARQ has been shown to have significant benefit for downlink packet data systems like HSDPA but it has not been determined yet what benefit HARQ will provide on uplink packet data systems such as Release 99/4/5 WCDMA.  There are different  HARQ protocols and one method is N-Channel stop and wait which was used for HSDPA.  It was determined that N-channel stop and wait could be broken down into three schemes called synchronous, partially asynchronous, and fully asynchronous.  The following description describes how N-channel stop and wait might be applied to a Release 99/4/5 uplink dedicated transport channel and some of the overhead associated with the different schemes. It also addresses soft handoff (SHO) requirements for N-channel stop and wait and addresses overhead bits required for supporting IR versus Chase combining.

7.2.1 Synchronous vs. Asynchronous HARQ

For N-channel stop and wait HARQ protocol there are N possible stop and wait channels that can be assigned per user. Each channel corresponds to a specific frame (e.g. 2 ms or 10 ms) time interval which recurs once every N frames. In this contribution it is assumed that the downlink return link is operated in synchronous manner like in HSDPA.  Operating the return link in a asynchronous manner provides no benefit while requiring additional bits to identify the HARQ channel being acknowledged. Thus an ACK/NAK must be transmitted on the return link at a specific time interval following the transmission on a given frame. Three types of stop and wait HARQ are considered:

.

· Synchronous – UE is assigned a specific HARQ channel and can only use that channel for the first transmission (frame k) and subsequent retransmissions (frame k+m*N) of a given packet. Re-transmission must occur in each k+m*N frame (where m=1,2,3,…,MaxRetries)  following the first transmission until the packet is successfully decoded or until a maximum number of re-transmissions occurs. The allocation of a frame is valid until the successful transmission of one “packet” or until the transmission is aborted after maximum retries. Every subsequent packet transmission requires a new assignment from the UTRAN.

· Partially Asynchronous – UE is assigned a specific HARQ channel and can only use that channel for the first transmission (in frame k) and subsequent re-transmissions (in frame k+m*N) of a given packet.  Re-transmissions require scheduling by the UTRAN (e.g. based on channel quality) and are scheduled in any frame k+m*N following the first transmission on frame k.

· Fully Asynchronous – UE is assigned a specific HARQ channel for the first transmission (frame k) and subsequent retransmission are scheduled (by the UTRAN) on any channel after frame k+N.  This type of HARQ allows maximum flexibility in scheduling based on channel conditions.

7.2.2 Common Frame Reference 

Figure 1 illustrates N=5 stop and wait synchronous or partially asynchronous HARQ. For this particular implementation (N=5) during SHO an active set Node-B could infer which HARQ channel (buffer) a packet re-transmission corresponds to by which sub-frame (e.g. 2 ms) interval it was transmitted on within a 10ms radio frame.  Alternatively, a mapping from the current SFN and current sub-frame interval to a HARQ channel can be used at all active set Node-Bs (for a given value of N) and the SHO UE. In either case no HARQ state bits need be signaled to indicate the HARQ channel to the active set Node-Bs. 
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Figure 1. N Channel Stop and Wait HARQ time diagram (N=5).

7.2.3 HARQ Overhead

Each N channel stop and wait HARQ scheme has different overhead requirements in terms of signaling to eliminate any potential ambiguities.

· Synchronous – 

· does not need any overhead bits to indicate which HARQ channel is being assigned for a given packet.

· does not require a one bit indicator, “new data indicator”, if macro diversity is not used since the UTRAN performs both the assignment and configures the max retry parameter; in addition, an assignment is valid for one packet only as mentioned earlier.

· Partially Asynchronous – 

· does not need any overhead bits to indicate which HARQ channel is being assigned for a given packet.

· requires a one bit indicator, “new data indicator”, to signal when a new “packet” is being sent so that the serving Node-B(s) will flush the corresponding HARQ buffer. (UE might miss scheduling assignment)

· Fully Asynchronous – 

· always needs k bits (2k ( N) to indicate which HARQ channel has been assigned to the user for the given frame interval. (HARQ state bits)

· always requires a one bit indicator, “new data indicator”, to signal when a new “packet” is being sent so that the serving Node-B(s) will flush the corresponding HARQ buffer.

Note it is assumed that a UE cannot abort a packet transmission once requested – thus a packet is re-transmitted for m times, or until an ACK is received.  

7.2.4 Scheduler and HARQ synchronization during SHO

HARQ operation in SHO can be supported for the uplink dedicated channel (e.g. EUDTCH) as opposed to HS-DSCH wherein SHO is not supported.   In SHO, the soft decision information is combined and stored in the active set NodeB’s HARQ buffer along with previous and subsequent transmissions until the sub-frame successfully decodes at which time an ACK is signaled to the UE on the downlink Ack/Nack control channel. Otherwise a NACK is signaled to the UE on a downlink Ack/Nack control channel.  When a UE receives an ACK from any active set Node-B it toggles the “new data indicator” bit in the next uplink control message which when a state change is detected is interpreted as a HARQ flush command by each active set Node-B for the corresponding HARQ channel.  That is, the HARQ buffer at the active set Node-B for the corresponding current HARQ channel of UE is flushed and is then filled with the soft decision information of the new packet transmission.  It may be noted that the Ack/Nack information may also be piggybacked on the HS-SCCH using a new frame format for the HS-SCCH.

The “new data indicator” bit for a given UE changes state upon the first transmission of each new packet. The “new data indicator” bit is signaled on an uplink control channel (e.g. TFRI channel). If all active set Node-Bs for a particular user in SHO detect when the “new data indicator” bit changes state then the Node-B schedulers can remain synchronized.  

However, there will often be cases when the “new data indicator bit” changes state several times but the changes are not detected at every active set Node-B which means that the schedulers will not be synchronized and hence will not “know” or will “lose track” of which HARQ channel a packet transmission corresponds to. This may lead to incorrectly combining different packet’s soft decision information together in the same HARQ buffer at a particular active set Node-B. More importantly, it would make it difficult for an active set Node-B to correctly combine soft decision information for decoded packet re-transmissions where the first packet transmission was initiated by a scheduling assignment from a different active set Node-B scheduler.  

Therefore, during soft handoff, another bit field on the uplink control channel is needed to indicate the packet sequence number to avoid rollover to the next packet not being detected by some of the active set Node-Bs.  This packet sequence indicator is an extension of the “new data indicator” bit in that it is represented by more than 1 bit.  Hence, during soft handoff the “new data indicator” bit is replaced by the “packet sequence indicator” n-bit field. 

When a SHO UE sends a packet on a given HARQ channel (k) it sets the “packet sequence indicator” n-bit field to j indicating the current packet. For subsequent re-transmissions it will continue to set the n-bit field to j.  On the next packet sent, the n-bit field is set to (j+1) modulo m where m=2n.  Now there will only be a problem (error condition) if an active set Node-B detects a packet and then does not hear another transmission on that HARQ channel until m packets later, and if these m packets have been transmitted and processed due to scheduling from the other active set Node-Bs and the n-bit field has cycled back around to j. This error would result in combining the latest packet transmission with a different packet in the corresponding HARQ channel buffer. 
7.2.5 Efficient Channel Resource Management during SHO for explicit scheduling

A scheme to minimize uplink control channel signaling and allocation of Node-B uplink dedicated channel (e.g. EUDTCH) resources for soft handoff users is possible if eliminating uplink macro-selection diversity benefit is acceptable. The scheme is to only have an active set Node-B assign channel resources for a given HARQ channel if it schedules the SHO user for that HARQ channel.  Otherwise to achieve macro-selection diversity benefit each active set Node-B must assign channel resources to “listen” on each HARQ channel in case that user was scheduled by a different active set Node-B. To avoid reserving channels for SHO users, the active set Node-B only assigns uplink dedicated transport channel resources and decodes a given packet on a given HARQ channel, when it schedules the SHO user for the HARQ channel. “Listening” only after scheduling the first packet transmission avoids the SHO scheduler and HARQ synchronization problem discussed in the previous section 7.2.4, thus, only the “new data indicator” bit is needed instead of the “packet sequence indicator” bit field. For this approach any active set Node-B could still schedule a SHO user for a given HARQ channel but if it did not detect the subsequent uplink signaling message or the correct “new data indicator” bit state included in the message then it would not proceed to try and decode the packet and would have to try and schedule (send another schedule assignment message) again later. 

For this scheme if more than one active set Node-B scheduled the same user for the same scheduling interval then that SHO user would select one of the Node-B’s scheduling assignments.  In this simultaneous scheduling case the SHO user would only have to decode the ACK/NAK channel from the selected active set Node-B
. 

7.2.6 HARQ Scheme Summary

Six HARQ schemes and their respective required overhead are summarized in Table 1 below. The overhead is dependent on whether IR or Chase are supported, whether uplink macro-selection diversity benefit during SHO is supported, and which type of stop and wait N-channel Hybrid ARQ is supported.  Also determining overhead is whether there is a common frame reference at each active set Node-B during SHO such as a common SFN to HARQ channel mapping for the given N.

Table 1 Six HARQ schemes which allow IR or Macro Selection Diversity or both
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For the cases in the Table 1 above where Macro-selection is not supported the active set Node-B only listens on the uplink packet channel (e.g. EUDTCH) and the corresponding uplink control channel (e.g. TFRI) if it schedules a packet. Note that in the last case in Table 1 where only Chase can be supported with synchronous HARQ it is possible to also support IR without IR version bits if the IR versions where static for each packet transmission and retransmission.
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� Note that some macro-selection diversity benefit could be retained if the scheduling map sent in the selected Node-B’s downlink scheduling assignment message was echoed back on the uplink but this would create too much signaling overhead and simultaneous scheduling could be a rare event. Alternatively, if both active set Node-B’s had an identical scheduling assignment or scheduled some of the same sub-frames in the 10ms Radio Frame then some macro-selection diversity benefit would be possible if the resulting added control channel complexity (UE listens to both ACK/NAK channels) was acceptable.





