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1. Introduction

This is a slightly revised resubmission of Tdoc R3-001191 [10] submitted to RAN3#12.

Hybrid ARQ Type II-III, i.e. ARQ with incremental redundancy, has been discussed mainly in WG1 and WG2 during 1999 and the benefits of Hybrid ARQ Type II-III for improved NRT bearer support were shown [1]. At RAN#7 this feature has been agreed as a Work Item for Release 2000, cf. Ref. [4]. RAN WG2 is the leading working group for the work item. 

Since the implementation of HARQ also has effects on the UTRAN internal interfaces and on the RAN WG3 specifications, this paper presents the principles of HARQ in view of WG3, and the potential changes in the Frame Protocols on Iub and Iur interface and on NBAP and RNSAP, to kick-off a discussion in WG3 on HARQ solutions in parallel to the ongoing work in WG2.

2. Signaling for HARQ 

For efficient operation of Hybrid ARQ Type II (HARQ II), it is necessary that on reception of an encoded data packet (Payload data unit, PDU), the receiver is informed about the PDU number and the ”redundancy version” applied, even if the data packet itself is subject to a transmission error. Therefore the HARQ side information should be transmitted over a more reliable transmission path than the payload itself, or should be better protected against transmission errors, and the transmission errors of the payload and the overhead information should preferrable be decorrelated. In principle there are two approaches how to achieve this: Out-of-band signalling and in-band signalling of the HARQ overhead information.

The earlier proposed signaling method for Hybrid ARQ Type II proposed for TDD was based on ”out-of-band” signaling of HARQ side information where the signaling was transported over RACH/FACH [6] while the payload data was transmitted in the DSCH or USCH, resp. So the payload and the signalling overhead were carried in different Transport Channels and Physical Channels which provided for sufficient separation of the HARQ overhead from the payload data. 

However, also with ”inband signalling” there are means to achieve a sufficient error protection of the HARQ overhead. Inband signalling for HARQ means that the same transport channel, or at least the same kind of transport channel, is applied for both the payload data and the HARQ overhead signalling, i.e the Payload Data Unit (PDU) numbers as well as the redundancy version information.
The main advantage of the use of in-band signaling rather than out-of-band can be summarized as being:

i) For TDD: In-band signalling can be used for uplink and downlink data packets via DSCH and TDD USCH with minimal differences in RLC and MAC operation. It can also be used with a DCH.

ii) For FDD: In-band signaling can be used with FDD DSCH and DCH as well as for DCH/DCH combinations.

Therefore, a common approach for FDD and TDD is feasible. In addition, taking into account the reduced complexity of the in-band solution, where a coordination between transport channels of different kinds is not needed, the conclusion is that the in-band signalling variant seems to be the preferrable solution.

3. Working Assumptions and Design Considerations

The general concept and assumed function split is visualized in the protocol stack overview for HARQ in Figure 1. Dotted lines visualize the transport of HARQ ”side-information” between RLC and the Physical Layer within parameter lists of primitives. Normal lines show the transport of user data.

The following set of working assumptions is proposed for specifying the signaling:

· The most favored signaling variant uses internal signaling on the Physical Layer under control of the RLC.

· The combining function to support Hybrid ARQ Type II is performed at the Physical Layer.

· The RLC-PDU is essentially unchanged: like in HARQ Type I (Release 99).

· Needed HARQ Type II parameters are sequence numbers, redundancy versions, CRC results.

· These HARQ Type II parameters are signaled via primitives between RLC, MAC and the physical layer. The primitives are specified already for Release 99, but the list of parameters needs to be extended. The additional side-information for Hybrid ARQ Type II is carried in the parameter lists with the data. 

· Hybrid ARQ Type II requires certain signaling information (e.g. the PDU sequence number and associated redundancy-version) to be transmitted more reliably than the associated data. This can be accomplished with the current physical Layer by using separate coding and multiplexing chains. Both the data and the signaling information can be multiplexed onto the same Coded Composite Transport Channel (CCTrCH). 

4. Conclusion

This contribution is intended as a starting point for discussion. Considering the arguments given in this paper, it is shown that in-band signaling of RLC-PDU headers seems to be advantageous over an out-of-band method. It is suggested that RAN WG1, RAN WG2, and RAN WG3 cooperate for defining the details and the necessary CRs.

The following RAN WG3 Technical Specifications may need changes in support of HARQ II/III:

1) Frame Protocols for DSCH/USCH: 25.435, 25.425

2) Frame Protocol for DCH – to allow HARQ II/III also on DCHs: 25.427

3) NBAP and RNSAP

4) Some text for 25.401.
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Figure 1: Protocol stack overview for HARQ

Dotted lines visualize the transport of HARQ ”side-information” between RLC and the Physical Layer within parameters added to the ”primitives”.
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