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1 Introduction

There are several alternatives to implement retransmissions of erroneous RLC PDUs with the enhanced uplink DCH. One alternative is to use the Rel99 solution, i.e., RLC level ARQ, which is between UE and RNC (no additional ARQ). Another alternative is to introduce a new physical/MAC layer ARQ, between UE and Node B (and/or RNC). A third alternative is then to add layer 1 soft combining to physical/MAC layer ARQ, i.e, a physical/MAC layer HARQ. The two latter alternatives then typically have still RLC ARQ as a back-up solution. In this contribution physical/MAC layer ARQ alternatives for enhanced uplink DCH are discussed and text proposal is given for the TR 25.896 for chapter 7.2, HARQ.

2 Text proposal to the TR

------------------------------------------------------ start of text proposal ------------------------------------------------------------

7.2 Hybrid ARQ

7.2.1 Targets/motivation for physical/MAC layer (H)ARQ

The main targets/motivation for adding a new ARQ protocol below the existing RLC layer ARQ are

· Reduced RLC SDU delay if most of the retransmissions are handled by physical/MAC layer ARQ

· Increased link and system throughput

Requirements and comparison criteria for physical/MAC layer ARQ

· In-sequence delivery

· Memory requirements both at UE and UTRAN side

· Robustness to protocol errors

· Protocol overhead

· Complexity

· RLC SDU delay

· Link throughput

7.2.2 Physical/MAC layer HARQ

A similar physical/MAC layer HARQ between UE and Node B in the uplink as in HSDPA for the downlink is proposed to be studied. The physical/MAC layer HARQ could be based on N-process SAW (Stop-And-Wait) HARQ, where HARQ combining is performed at physical layer of Node B. If the SAW protocol would transmit, acknowledge and retransmit complete TTIs, then only one ACK bit is needed per TTI in the downlink. The number (N) of required HARQ processes depends on the implementation of the signaling channels as well as on the processing times both in the Node B and the UE.

Figure 1 shows as an example operation of one SAW HARQ process for a 10 ms TTI length and N=3 HARQ processes. The round trip time for N=3 HARQ processes and TTI = 10 ms is 30 ms.
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Figure 1 Operation of one SAW HARQ process with 10 ms TTI length and N=3 HARQ processes
7.2.3 Signaling for physical/MAC layer HARQ

Outband signaling here means signaling which is sent separately from the data itself. It is typically protected with own CRC and channel coded separately from the data channel. The important point is that the outband signaling can be decoded even if there are errors in the data block. In contrast, inband signaling is typically a higher layer header, which cannot be decoded if the data block is in error (same CRC is used for both header and data). Notice that Rel99 TFCI is also outband information.

7.2.3.1 Outband signalling in uplink

In the uplink, the following outband signaling is needed to support the physical/MAC layer HARQ between UE and Node B:

· HARQ process number ([0-3] bits)

· Redundancy version ([0-2] bits)

· New data indicator ([1-3] bits)

· Rate matching parameters: number of input bits (Transport block size) and number of output (channel) bits 

The HARQ process number would not be needed if the HARQ processes are defined to be synchronous, i.e., if a given HARQ process is always sent periodically and therefore the retransmission always comes after fixed delay. In the uplink, the UE scheduler need not take into account other users and therefore, synchronous operation is easier to implement than in the downlink where several users are scheduled. However, due to power limitations in the uplink, there may not always be room for retransmission in a given TTI (e.g., due to higher priority real time services). Then a synchronous scheme would immediately increase the round trip delay by kN TTIs. With an explicit HARQ process number, asynchronous operation is possible, and a retransmission can be delayed, e.g., by only one TTI instead of N TTIs.

The redundancy version is needed for IR operation. Since uplink is not code limited, it is beneficial to use low rate coding and therefore, even with IR one to two redundancy version bits are enough supporting two to four different redundancy versions.

The new data indicator is incremented every time when transmission of a new data block is started. It tells to the receiver that transmission of a new data block has been started for the given HARQ process and the received data block should not be combined with the data block in the soft combining buffer. One bit is considered to be enough when the UE is not in SHO.

The support of HARQ in SHO needs further discussion whether it is seen feasible or not. If it is seen feasible, one possible solution of HARQ is then such that when the UE is in SHO and has received ACK from at least one Node B and NACK from other Node Bs, then the UE starts sending a new transport block and the new data indicator tells to the other Node Bs that new data is coming which should not be combined with the previous transmission. In principle, one bit would be enough but due to signaling errors, especially in SHO conditions, at least two bits should be allocated. Thus the new data indicator becomes a kind of HARQ-process internal sequence number.

Rate matching parameters for each TTI have to be known in the receiver. In Rel99, TFCI together with the rate matching attribute (signaled by higher layers) tells the required information: the number of input and output bits. For physical/MAC layer HARQ, there is not one-to-one mapping between the number input bits and the number of output bits since the number of available channel bits may change for the retransmission (the number of input bits has to be the same for the first and the retransmissions). TFCI could be used to tell part of the information, e.g., the number of channel bits and HARQ specific outband signalling would tell the number of input bits (transport block size).

7.2.3.2 Inband signalling in uplink

Physical/MAC layer HARQ requires a new MAC layer header to be added in the uplink. The header must contain at least a sequence number for reordering (cf. TSN in HSDPA). The receiving MAC entity also has to know the size as well as the number of the MAC-d PDUs received. Also, the priority is needed for reordering. Part of this information may be available e.g., from the TFCI as in Rel99 whereas part may need to be added in the MAC header. 

7.2.3.3 Signaling in the downlink

In the downlink direction, currently the only HARQ related signalling foreseen is the ACK/NAK. If the whole TTI is acknowledged and subsequently retransmitted if requested, and futhermore, if the ACK/NAK is sent synchronously, i.e., a known delay after the reception of the corresponding TTI,then only one bit ACK/NAK is needed which is then sufficiently error protected.

7.2.4 Physical/MAC layer ARQ without soft combining

An alternative for the physical/MAC layer HARQ could be a physical/MAC layer ARQ without soft combining. It could be similar to the corresponding HARQ scheme, i.e., an N-process SAW ARQ between UE and Node B. If the soft combining of retransmitted blocks is not required, then some savings in the outband signalling are possible. The HARQ process number, the redundancy version and the new data indicator are not needed as outband information. However, the rate matching parameters are needed (e.g., partly as ARQ specific information and partly in TFCI). 

One benefit of physical/MAC layer ARQ over HARQ is that the retransmitted TTI could contain different number of input bits if the channel resource has changed for the retransmission, since soft combining is not required. That would require new numbering at MAC-d PDU level (or some other subblock numbering) in order to be able to do the reordering. Otherwise, the inband signalling requirements are similar to the HARQ alternative: the size, number and priority of MAC-d PDUs have to be known at the receiving side.

----------------------------------------------------- end of text proposal ----------------------------------------------------------------

3 Conclusions

It is proposed that the text from chapter 2 in this contribution is included into TR25.896 as part of Chapter 7.2.
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