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

7.2 HARQ

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 (e.g. 2 ms) sub-frame time interval which recurs once every N sub-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 sub-frame. Three types of stop and wait HARQ are considered:

.

· Synchronous HARQ – UE is assigned a specific HARQ channel and can only use that channel for the first transmission (sub-frame k) and subsequent retransmissions (sub-frame k+m*N) of a given packet. Re-transmission must occur in each k+m*N sub-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 sub-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 assignments from the UTRAN.

· Partially Asynchronous – UE is assigned a specific HARQ channel and can only use that channel for the first transmission (in sub-frame k) and subsequent re-transmissions (in sub-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 sub-frame k+m*N following the first transmission on sub-frame k.

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

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 interval it was transmitted on within a 10ms radio frame.  Alternatively, a mapping from the current SFN and current sub-frame interval to the HARQ channel can be used at all active set Node-Bs (for a given value of N) and the UE. In either case no HARQ state bits, indicating the HARQ channel,  need to be sent on the TFRI channel.
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Figure 1. N Channel Stop and Wait HARQ time diagram (N=5).

7.2.2 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.

· Fully Asynchronous – 

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

7.2.3 SHO scheduler and HARQ synchronization during SHO

If all active set Node-Bs for a particular user in SHO detect when the “new data indicator” bit is signaled on the uplink control channel (TFRI channel) corresponding to a first EUDTCH packet transmission 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 packet is being sent on a given HARQ channel. 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 TFRI 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.

To substantially reduce the occurrence of this SHO synchronization problem, the 3-bit IR version field (as described in [1]) can be stolen for use while in SHO to indicate which packet is being sent on a given HARQ channel when using synchronous or partially asynchronous HARQ. This 3-bit field is then called the “packet sequence indicator”. Hence, it may be noted that the function of the 3-bit field is different than when used in the non soft-handoff case.  This, however, implies  that only Chase combining would be supported during SHO, else more bits would be required on the control channel to still support IR, resulting in more signaling overhead and less reliability. For this SHO scheme, when the UE sends a packet on a given HARQ channel k it sets the 3-bit field to j indicating the current packet. For subsequent re-transmissions it will continue to set the 3-bit field to j.  On the next packet sent, the 3-bit field is set to (j+1) modulo 8.  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 8 packets later, and if these 8 packets have been transmitted and processed due to scheduling from the other active set Node-Bs and the 3-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. 
7.2.4 Efficient Channel Resource Management during SHO 

A scheme to minimize signaling on the uplink control channel and allocation of Node-B 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 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 7.2.3, thus, allowing IR to be efficiently supported during SHO, but any uplink macro-selection diversity benefit is lost.  For the approach described here, any active set Node-B could still schedule a SHO user for a given HARQ channel but if it did not see a set “new data indicator bit” on the subsequent uplink signaling message carried on the TFRI channel (or the signaling is decoded in error) 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

Four HARQ schemes are summarized in Table 1 below and in the following text. If no uplink macro-selection diversity benefit during SHO is acceptable then up to 6 bits for the HARQ process can be eliminated by using synchronous or partially asynchronous stop-and-wait HARQ protocol for the enhanced uplink compared to using fully asynchronous HARQ. In this case with only 4 bits both a “new data indicator bit” and  IR can be supported in and out of SHO.  Otherwise, if macro-selection diversity benefit is desired then an indicator is needed for the HARQ state (current HARQ channel) and an indicator is needed for the current packet sequence number. However, the HARQ state bits (3) can be eliminated during soft handoff for synchronous and partially asynchronous HARQ if a common SFN to HARQ channel mapping is used at all active set Node-Bs or N=5 HARQ is used.  In all HARQ schemes with macro-selection diversity benefit HARQ packet sequence indicator bits are required to indicate the current packet sequence number to avoid rollover of the next packet not being detected by some of the active set Node-Bs during SHO. Not having HARQ packet sequence indicator bits would also 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 different active set Node-B scheduler.  In this latter case only Chase can be supported during SHO since the (3) IR version bits are instead used for the HARQ packet sequence indicator. Finally, if both IR and macro-selection diversity benefit are required and given the common SFN to HARQ channel mapping and using synchronous and partially asynchronous HARQ then (3) bits are used for IR version and (2) bits are used for HARQ packet sequence indicator resulting in one (1) more bit overhead then the other two cases (macro selection diversity benefit only case or  IR only case)  described above.  Finally, analysis is needed to determine which of the above cases provides the most system benefit.  That is, should IR only be supported during SHO or should only macro-selection diversity be supported in SHO or should both be supported given the added signaling overhead impact?  Hopefully, the least complex scheme which provides acceptable performance can be chosen from the cases described.

Table 1 Four 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 EUDTCH and the TFRI control channel if it schedules a packet. Note that in the last case in Table 1 where only Chase can be supported it is possible to also support IR without IR version bits if the IR versions where static for each packet transmission.
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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 in the TFRI message 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.





