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1.  Introduction

As described in [1], the hybrid ARQ for the enhanced uplink aims to achieve reduced delay and increased user/system throughput while reducing memory requirements and signalling overhead. In this contribution, we discuss about the HARQ structure and the required signalling information taking into account these aspects. 
2. HARQ structure
2.1. Synchronous N-channel SAW HARQ with synchronous 1-bit ACK/NAK signalling
For reduced memory requirement at Node B receiver and reduced signalling overhead, we propose to employ N-channel stop-and-wait HARQ with 1-bit ACK/NAK signalling per TTI, where ACK/NAK transmission timing is fixed with respect to E-DCH TTI timing, similar to the HARQ scheme employed for the downlink HS-DSCH. 
In HS-DSCH, since multiple UEs share the code resource of the serving Node B, there is a need for having flexible scheduling of transmission timing of each HARQ process, which mechanism is called asynchronous HARQ. In uplink, however, since there is no such restriction on code resource due to other UEs, each HARQ process can have predefined transmission timing. Therefore, to avoid the overhead due to explicit signalling of HARQ process number, we propose to tie the HARQ process number to the transmission timing of E-DCH TTI. An example is shown in Figure 1. 
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Figure 1: Synchronous N-channel SAW HARQ
2.2. Multiple redundancy versions and incremental redundancy
In [2], it is shown that incremental redundancy (IR) has better link efficiency than chase combining (CC) for high data rates, where whole coded bits cannot be transmitted within a single TTI due to the limitation on the maximum number of physical channel bits. On the other hand, IR and CC show the same performance for low data rates, where whole coded bits can be transmitted within a single TTI. Note that in the latter case, IR uses larger spreading factor. From this observation, we propose to support IR with multiple redundancy versions.
2.3. Soft handover operation
In [1], it is shown that when the UE is in soft handover, the selection combining (i.e., macro diversity) in conjunction with HARQ can provide significant gain. Therefore, we propose to support soft handover operation with HARQ, i.e., each active set Node B tries to receive E-DCH packet and sends ACK/NAK to the UE. The UE will try retransmission only when it receives no ACK from active set Node Bs.
When the UE is in SHO, some of the active set Node Bs may miss initial transmission, since receive power level may not be enough due to the uplink power control principle in SHO. In this case, non-self-decodable retransmissions will not be helpful for those Node Bs that have missed the initial transmission. This will reduce the achievable selection combining gain. Hence, we propose to use only self-decodable redundancy versions when the UE is in SHO. 

2.4. Soft buffer and in-sequence delivery
Soft buffer should be located in the Node B for fast hybrid ARQ operation. In-sequence delivery functionality should be located in SRNC, given that the HARQ is supported during soft handover, since SRNC will receive the successfully decoded data from each active set Node B. 
3. Associated signalling
3.1. Outband signalling
According to the discussions in the previous section, the information required prior to soft combining consists of:
· New data indicator. The new data indicator is used to control when the soft combining buffer should be cleared in the same way as for the HS-DSCH.
· Redundancy version. To support multiple redundancy versions, the redundancy version needs to be known to the Node B.
· Rate matching parameters (number of physical channel bits, transport block size). This information is required for successful decoding.
In case of HS-DSCH, number of physical channel bits should be explicitly signalled to the UE, since the OVSF code resource of the serving cell is shared between the multiple UEs scheduled at the same time. In uplink, however, signalling of number of physical channel bits may not be needed, since there is no such limitation on code usage due to other UEs. This aspect should be studied further.
3.2. Inband signalling

The information required after successful decoding, which can be sent as a MAC header, includes the information for reordering, demultiplexing of MAC-d PDUs, etc.

4. Conclusion

It is proposed to include the text proposal into the EUL WI TR25.808.
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6
Hybrid ARQ Scheme

6.1
HARQ Scheme of the FDD Enhanced Uplink
For reduced memory requirement at Node B receiver and reduced signalling overhead, N-channel stop-and-wait HARQ is employed with 1-bit ACK/NAK signalling per TTI, where ACK/NAK transmission timing is fixed with respect to E-DCH TTI timing. 
In HS-DSCH, since multiple UEs share the code resource of the serving Node B, there is a need for having flexible scheduling of transmission timing of each HARQ process, which mechanism is called asynchronous HARQ. In uplink, however, since there is no such restriction on code resource due to other UEs, each HARQ process can have predefined transmission timing. Therefore, the HARQ process number is tied to the transmission timing of E-DCH TTI without explicit signalling of HARQ process number. An example is shown in Figure 6.1.1.
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Figure 6.1.1: Synchronous N-channel SAW HARQ

In order to improve link efficiency, soft combining of multiple transmissions of the same packet is supported by either chase combining or incremental redundancy through use of multiple redundancy versions. 
Soft buffer should be located in the Node B for fast HARQ operation. HARQ operation is supported by each active set Node B during soft handover. In-sequence delivery functionality should be located in SRNC, since SRNC will receive the successfully decoded data from each active set Node B.
6.2
Signalling Information Required for the Support of HARQ
The information required prior to soft combining consists of:
· New data indicator. The new data indicator is used to control when the soft combining buffer should be cleared in the same way as for the HS-DSCH.
· Redundancy version. To support multiple redundancy versions, the redundancy version needs to be known to the Node B.
· Rate matching parameters (number of physical channel bits, transport block size). This information is required for successful decoding.
The information required after successful decoding, which can be sent in MAC-e header, includes the information for reordering, demultiplexing of MAC-d PDUs, etc.
6.3
Operation in SHO

Editor's note: HARQ behaviour with SHO

When the UE is in soft handover, all Node Bs serving the UE process the received data and transmit ACK or NAK to signal the result. If the UE does not receive an ACK from any of the involved Node Bs, it will schedule a retransmission. Otherwise, the transport block will be considered as successfully transmitted and the UE will increment the new data indicator to signal to all involved Node Bs that the new data should not be soft combined with previous transmissions. To ensure that all involved Node Bs have the possibility to decode the transmission, regardless of the result from earlier transmissions, self-decodable transmissions are preferable.
----------------------- End of text proposal -------------------------------- 
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