3GPP TSG-RAN WG2#23
R2-012039
Helsinki, Finland

August 27-31, 2001

___________________________________________________________________________________________

Agenda item:
9.2.2

Source: 
Lucent Technologies 

Title: 
In-Sequence Delivery to RLC with Async/Sync HARQ  

Document for:

Discussion and Decision

1 Introduction 

In RAN WG2#22 meeting in Berlin, an asynchronous downlink and synchronous uplink HARQ scheme has been adopted. One of the requirements of the HARQ protocol is in-sequence delivery of PDUs to the RLC. The HARQ protocol is connected to the current R99 and Release 4 RLC layer that provides segmentation and retransmission services for both user and control data. However, depending on the operating mode of the RLC: transparent mode (TM), acknowledged mode (AM) or unacknowledged mode (UM), treatment of out of sequence PDUs received from the HARQ from the MAC-hs is varied. It resulted in discarded sequences and unnecessary retransmission in UM and AM modes, respectively. 

On the other hand, out of sequence delivery in a N-channel SAW HARQ to the RLC, currently exists due to the independent nature of the N channels that causes data to be delivered arbitrarily to the RLC layer. 

2 In-Sequence Delivery with Async/Sync HARQ

An asynchronous downlink and synchronous uplink (async/sync) SAW HARQ was proposed in [2]. In [1], an in-band and out-of-band solutions for in-sequence delivery based on MAC-hs Transmission Sequence Number (TSN) are identified. In this contribution, an in-band solution toward in-sequence delivery for an async/Sync SAW HARQ scheme is proposed.  It is noted that although the proposal is in response to the HARQ scheme presented in [2], it is applicable to an async/sync SAW HARQ scheme in general.   

2.1 Key Features

To provide in-sequence delivery to the RLC layer from the MAC-hs, it is proposed that a re-sequencing functionality is added to the MAC-hs. This re-sequencing layer achieves the following objectives:

1. Efficiency: Minimizing Signalling Overhead

· A binary feedback is all that is needed in the uplink.

· Downlink in-band signalling through sending the sequence number as part of the data payload of the radio link avoids additional burden on the downlink signalling overhead. 

2. Maintaining R99 RLC layer without any modification

· In order maintain the current R99 RLC protocol, the sequencing should be performed outside of the RLC layer. 

· Achieves compatibility with all existing modes of RLC operation: UM, AM, and TM.

3. Robustness 

· In-band sequence numbering also benefit from Turbo coding and HARQ gains making it robust against transmission errors. This robustness also further reduces the overall system signalling that is needed. 

· The use of New/Continue flag allows the UE to determine the code block boundaries e.g. whether the received code block is a new transmission or retransmission.

· Re-synchronisation of the receiver with the transmitter using the New/Continue flag. When the UE missed a transmission due to error in downlink signalling for example, a reception of the next New flag tells the UE to discard the previously stored code blocks and start to decode the new code block. 

2.2 MAC Sequence Number 

A MAC-hs transmission sequence number (TSN) per transmission in a TTI is proposed for each TTI. In a new code block transmission, the TSN is concatenated with the transport blocks and sent through the transport channels to the physical layer. For a retransmission to the UE, a new sequence number would be appended as well to the previously stored code block or sub-blocks. 

2.3 Operation with N-channel Async/Sync HARQ

An N-channel HARQ is supported through N HARQ instances or processes within the HARQ entity (one HARQ entity is defined per UE at the UTRAN). With one HARQ process or instance controlling the HARQ operation over one channel, there would be N HARQ processes for the N channels. For each UE, a new sequence number is appended to each transmission in the N channels. The changes required to the MAC-hs at the UE side is illustrated in Figure 1 showing the addition of a sequencing layer. 
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Figure 1:
UE side MAC architecture / MAC-hs details

As shown in Figure 1, a re-sequencing buffer after the HARQ entity is proposed at the UE side. Thus, code blocks sent to an UE that are transmitted across the N channels can be se-sequenced appropriately with the use of the sequence number that is appended to each of its transmission in a TTI.  

In an N-channel async/sync HARQ transmission, an UE can receive data on across all of the N HARQ channels in order to achieve maximum scheduling flexibility [2]. Scheduling information for an UE across the N channels will need to be communicated to the UE so that the re-sequencing of received transmissions for that particular UE across the N channels can be performed.  

2.4 UE Re-Sequencing Buffer 

To perform the re-sequencing, a re-sequencing buffer is implemented at the UE. The requirement on the size of the re-sequencing buffer at the UE should be studied further and comparisons and tradeoffs between having a high residual error probability and low stall probability and vice versa on their impact on the re-sequencing buffer quantified. The effects of the residual error probability and the stall probability on the throughput that can be achieved should serve as guidelines on setting the appropriate thresholds for both. 

2.5 Node B Soft Buffering  

A transmission is buffered at the transmitter while awaiting the ACK or NACK for the transmission. For N-channel SAW, the soft buffering is needed for a maximum of N transmissions (The round trip time determines the minimum value of N). The soft buffering is in addition to the re-sequencing buffering that is needed in the UE. The soft buffering requirement at the NodeB is a function of the RTT and the number of parallel channels that are supported.   

In SR-HARQ, re-sequencing is provided through implementation of the transmit and receive windows which gives the range of transmission that the transmitter is allowed to transmit or retransmit at a given time. The maximum soft buffering needed for SR based HARQ will be K transmissions where K = 2^M, where M is the sequence number length. In general, N is much smaller than K.

3 Conclusion

Based on the discussions above, in-sequence delivery to the RLC can be provided by an asynchronous downlink and synchronous uplink N-channel HARQ protocol with the proposed use of an in-band MAC-hs sequence numbers. The re-sequencing of out-of-sequence RLC PDUs can be achieved with minimum signaling overhead in the uplink, no changes to the current RLC layer, and can be achieved with robustness due to the coding gain from Turbo coding and HARQ protocol and against misinterpretation of ACK/NACKs by the NodeB. This should further reaffirm the choice of an async/sync N-channel SAW HARQ protocol for HSDPA. 
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