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1. Introduction

Two proposals are currently known for implementing hybrid ARQ II/III in UTRAN for Release 2000. 

Option 1 [1] aims at an absolute minimum of additions to RLC and L1; it bases on the present termination or retransmission protocols, i.e. utilizing the retransmission mechanism defined in release ’99 with the current termination points.  As a consequence of keeping the termination points, quite significant delay has to be faced between the detection of an erroneously received coded TB in L1 and the resulting (re)transmission of incremental redundancy for this stored coded TB, since the retransmission is triggered based on the RLC mechanisms for retransmission, i.e. either if the receiver is polled to state about missing PDUs, or the receiver explicitly asks for a retransmission, if this is convenient.

Side information has to be carried between RLC and L1, over Uu as well as from L1 to RLC. The current proposal requires that side information be carried together with the RLC-PDU in the MAC-Data-REQ and MAC-Data-IND primitives i.e. the receiving RLC entity has to be able to discriminate between the user data and the side information carried in these primitives. Also the PHY-Data-REQ and PHY-Data-IND primitives carry side information in addition to user data, which means that Iub messages have to be supplemented for this change. 

Since the side information contains the RLC sequence number of an RLC-PDU (and the RLC PDU carries this information already as part of its header), this sequence number (12 bits) is carried twice over the air interface.

The memory for storing coded TBs on the receiving side for recombining is limited. Therefore, some slow flow control seems to be required in order to avoid that due to missing memory a received coded TB has to be discarded after erroneous decoding.

Option 2 (for DSCH only) [2] improves the delay characteristics using a stop-and-wait protocol, which however needs buffering (of coded TBs) also at the sending L1, and needs a back channel for conveying an ACK or a NACK. If the stop-and-wait protocol is implemented using a dual channel approach, this additional buffering on the sending side is only two coded TBs. However, the stop-and-wait protocol with dual channel runs into problems, if the TTIs of the considered channels are small (i.e. 10 ms), because then, it cannot be guaranteed that the time for decoding allows for sending the ACK or NACK within the TTI following the TTI in which the cTB was sent. As a result, for small TTIs it can happen that stop-and-wait really blocks the channel, since the sender waits for an ACK or NACK. This could be circumvented by increasing the number N of sequential channels, which then however increases the storage requirements both on the sending and the receiving side. Due to the stop-and-wait scheme, also fast and frequent flow control between L1 and SRNC is required in order to avoid that RLC transmits PDUs, while there is no space left in L1 to store the coded TBs resulting from these PDUs. This results in a supplement to the NBAP and RNSAP, and since it has to be quite fast, it will contribute to the Iub/Iur traffic considerably.

This document describes a third option, which also works with a fast L1 back channel for ACKs or NACKs, but avoids the stop-and-wait transmission scheme as well as the requirement for storing coded TBs on the sending side. Furthermore, it uses the concept of short sequence numbers, which are of relevance only on L1, and are used at the receiving side to associate the received incremental redundancy with the very stored coded TB, to which the redundancy actually belongs.

Option 3 aims at achieving delay characteristics comparable to option 2 thus reducing the number of coded TBs, which must be able to be stored simultaneously on the receiving side, and at the same time avoiding the shortcomings related to the frequent flow control required in option 2.

2. Description of Quick Hybrid ARQ

As in option 1, L1 receives a TB and the corresponding side information. Assuming that the receiving side can buffer up to M coded TBs for this particular RB using hybrid ARQ type II/III, a short sequence number of (ld M( bit is required. This maximum number of coded TBs, that can be stored for one RB, is subject to configuration via RRC.

L1 runs a mapping table, which contains these short SNs and the RLC SNs of TBs, which have already been transmitted, but not yet been positively acknowledged (i.e. ACK’ed).  If the correct reception of a coded TB is acknowledged via the fast back channel, the corresponding short SN is released, and can be used for a newly received TB.

For each TB, the RLC SN of which has been added to the mapping table, and for which the corresponding short SN was retrieved, L1 generates the coded TB, as well as the side information (Redundancy version, short SN, …) to be transmitted in parallel over a better protected channel over the Uu. Hence, only (ld M( bit sequence numbers are carried over the Uu instead of 12 bit sequence numbers. The receiving L1 side stores the received coded TB e.g. under an address that is given by the short SN, so that incremental redundancy received later (with the same short SN) for this coded TB can be correctly associated with the stored coded TB it belongs to. 

If a received coded TB cannot be correctly decoded, a NACK is sent to the sending L1. This NACK can either contain the short SN, or it can be implicitly indicated by the position of this ACK in the list of ACKs/NACKs carried within one radio frame in the back channel (see below). L1 receives the NACK, identifies the corresponding RLC SN using the mapping table and builds a PHY-Data-IND primitive, that carries this RLC SN. On reception of corresponding MAC-Data-IND primitive, RLC retrieves the RLC SN, and therefore knows that this RLC-PDU has to be retransmitted immediately. Note that due to the transmission of side information in addition to user data in the PHY-Data-IND primitive already stipulated in the current option 1, RLC - anyway - has to discriminate between different types of contents in this primitive. Due to the conveyance of the RLC SN for a retransmission, the storing of coded TBs in L1 on the sending side can be avoided. It is also possible to send a list of RLC SNs, if several coded TBs were NACK’ed within the same frame.

If a received coded TB is finally correctly decoded using e.g. incremental redundancy, an ACK is sent to the sender. Sending L1 releases the short SN and receiving L1 releases the memory for the stored TB. 

Flow control between L1 and RLC is required, since the memory available for storage on the receiving L1 side is limited. Due to the higher number of PDUs that can be stored on the receiving side, this flow control only causes control messages from time to time.

2.1 Comparison of delay characteristics (fast hARQ and quick hARQ, and hARQ)

2.1.1 Downlink

Fast hARQ (option 2) allows for faster retransmissions than quick hARQ, if the downlink is considered, since fast hARQ can retransmit using the stored version of a TB, while quick hARQ requests RLC to trigger the retransmission. However, since [3] comes to the conclusion that usually only one retransmission is required for correct decoding, if the channel is not so bad that reliable transmission is principally impossible, the delay reduction of fast hARQ is not significant, and has to be traded off with the memory required in the sending L1 as well as the requirement for frequent flow control.

On the other hand, fast hARQ suffers from higher delay for new transmissions: As soon as – in the dual channel case – one of the buffers is released, because the TB was transmitted successfully, RLC has to be informed that it can send another RLC PDU. This trigger again takes as long as the Iu/Iub delay (100 ms), so that there usually is twice this delay between pairs of transmitted TBs.

Quick hARQ allows for faster retransmissions than hARQ due to the fast back channel to convey the feedback information, as well as due to the notification (by sending L1) of the sending RLC side about RLC SNs of RLC PDUs, which have to be retransmitted anew. hARQ here waits for the timers of the RLC protocol to elapse to let RLC find out that a retransmission is required. As a consequence the number of coded TBs to be stored at the receiving side is considerably higher.

2.1.2 Uplink

Since fast hARQ is only proposed for the downlink, a comparison is impossible. However, if a similar approach were proposed for the uplink, no advantages of one of the solution over the other can be identified with respect to delay. Then, fast hARQ would have to be assessed negatively due to the fact that the sending L1 needs additional memory.

2.2 Acknowledging without short SNs

If the receiving side has received a new cTB or incremental redundancy for a cTB already stored at the receiving side, L1 has to check, whether the cTB can be correctly decoded (if it is received for the first time), or whether an already stored cTB can be decoded together with the incremental redundancy sent. If error-free decoding is possible, L1 would send an ACK for the correctly decoded cTB via the back channel.  If correct decoding is not possible, a NACK would be sent. ACK or NACK refer to a specific short SN (and via this to an RLC SN). If the ACK or NACK is sent within a well-defined radio frame, it is even possible to avoid that short SNs have to be conveyed via the back channel. This is illustrated in the following figure:
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It is assumed that three TBs with the same TTI of 20 ms are multiplexed on the physical channel. One of the TBs corresponds to a TrCh, that does not use hybrid-ARQ. A fourth TB with TTI=10ms and hybrid ARQ protection is also present. The side information would be an ordered list of the pairs (short SN, redundancy version), where the first pair refers to the first TB, the second pair to the second TB, etc. . Here it is assumed that the TB 0 belongs to a TrCh without hybrid ARQ. In this case, the pair (short SN, redundancy version) indicates that no hybrid-ARQ is applied (This could be done by a pre-defined bit pattern). Consequently, this TB will not be acknowledged. The other TBs are acknowledged/negatively acknowledged in the F-th radio frame (e.g. F=2 in the example), after which the TTI for the TB, the ACK/NACK refers to, ended. In this radio frame, the back channel conveys only an ordered list of ACK/NACKs, which then (in the given order) refer to the different TBs, whose TTI ended 2 radio frames before the considered radio frame of the back channel, (in the same order). The value of F has to be chosen such that the receiving side has sufficient time to decode all stored cTBs, whose TTI ended F frames earlier.

3. References

[1] TR 25.835v010, “Report on Hybrid ARQ Type II/III”, Source: Editor.

[2] R2-001762, “Fast Hybrid ARQ description”, Source: Nokia.

[3] R2-001419, “Hybrid ARQ methods for FDD in Release 2000”, Source: Nokia

_____________________________________________________________________________________________________________    
Page 2

