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1
Introduction

This document discusses the HARQ principles for E-UTRA and shows our proposals.

2
Discussion

2.1
Number of SCHs allocated to an UE per TTI

For HSDPA and EUL, there can be only one HS-DSCH and E-DCH, respectively, allocated to an UE per TTI. This allows for a simple receiver/transmitter structure at the UE, i.e. only one decoding/coding chain per TTI.
The same principle should be followed for E-UTRA at least with regards to dedicated traffic. With regards to multicast traffic, it can also thought to be time (TTI) multiplexed with dedicated traffic, but it should be studied whether or not QoS requirements can be met for delay sensitive dedicated traffic.
It is proposed to have at the maximum only one DL-SCH and one UL-SCH allocated to an UE per TTI at least with regards to dedicated traffic. Whether this can be applied for multicast traffic too needs further study.
2.2
N process stop and wait protocol
For HSDPA and EUL, the N process stop and wait protocol is supported for HARQ with only 1 process allowed per UE per TTI.
The same principle should be followed for E-UTRA.

It is proposed to support the N process stop and wait HARQ for DL-SCH and UL-SCH with one process allocated to an UE per TTI at the maximum.

2.3
Synchronous or asynchronous HARQ-Ack
For HSDPA and EUL, synchronous HARQ-Ack was adopted in order to decrease HARQ-Ack overhead.

Although this is more of a RAN WG1 topic, it is assumed that the same principle should also be followed for E-UTRA.
It is proposed to support synchronous HARQ-Ack for both DL-SCH and UL-SCH.
2.4
Synchronous or asynchronous HARQ retransmissions
For HSDPA and EUL, asynchronous retransmission and synchronous retransmission were adopted, respectively. For HSDPA, asynchronous retransmission was adopted to allow flexible scheduling (e.g. initial transmission of delay sensitive data can be prioritized over any pending retransmissions). For EUL, synchronous retransmission was adopted in order to decrease control channel signalling overhead and errors especially during soft handover.
The decision of whether adopting synchronous or asynchronous retransmissions should be made after studying the trade-off between scheduling flexibility and signalling overhead, which involves RAN WG1.
It is proposed that the decision of whether to support synchronous or asynchronous HARQ retransmission for DL-SCH and UL-SCH should be made together with RAN WG1.
2.5


Flow multiplexing within an SCH
For HSDPA, data from only one priority queue can be mapped onto a HS-DSCH. This is a simple and fine solution considering that the Node-B scheduler can perform user multiplexing in TTIs where one data flow of one UE cannot use up all the DL resources. For EUL, on the other hand, data from multiple MAC-d flows can be multiplexed onto an E-DCH. This prevents UL resources to be wasted when one data flow of an UE cannot use up all the UL resources allocated to the UE. However, since MAC-d flows of different QoS profiles are multiplexed in an E-DCH, this results in degraded QoS (fairness) control.

For E-UTRA, since the HSDPA solution is simpler and provides better QoS (fairness) control, this approach seems preferable, but whether or not UL resources can be fully untied with this approach should be studied.
It is proposed to allow only flows of the same QoS to be mapped onto a DL-SCH. For UL-SCH, whether or not to allow multiplexing of flows with different QoS onto an UL-SCH should be studied.
2.6
Tx window control, reordering and in-sequence delivery
For HSDPA and EUL, flow control of HARQ PDUs is performed at the transmitting side (transmit window control) and reordering of HARQ PDUs and their in-sequence delivery to RLC is performed at the receiver based on TSN. This was required since RLC was designed for DCH based Rel-99, in which it triggers status-reports to initiate RLC retransmission whenever data arrives out-of-sequence. With HSDPA and EUL, if transmit window control, reordering wasn’t performed at the HARQ level, unnecessary RLC status reports and corresponding RLC retransmissions will result while HARQ retransmissions are still being performed. This additional need for in-sequence delivery at the HARQ level increases the probability of window stalling.

For E-UTRA, since we have HARQ from day 1, the upper ARQ status report triggering should be designed so as to account for out-of-sequence data arrival due to the N process stop and wait HARQ. With this approach, there will be no need for in-sequence delivery to outer ARQ, and stalling at the HARQ level can be avoided (i.e. transmit window control, reordering and in-sequence delivery is performed only once at the upper ARQ level).
It is proposed to perform transmit window control, reordering and in-sequence delivery only at the upper ARQ level, and not at the HARQ level.

2.7
TSN attachment

For HSDPA and EUL, TSN is attached per MAC-hs/es PDU to allow for reordering of these PDUs before delivering data to RLC.

For E-UTRA, it is also thought necessary to attach a TSN per HARQ PDU. However, since reordering is proposed (in section 2.5) to be performed only at the upper ARQ level, this TSN for HARQ PDU should be common to that of the upper ARQ PDU SN. In this case, if upper ARQ PDU size is larger than the HARQ PDU size, there will be different HARQ PDUs with the same TSN, resulting in ambiguity. Therefore, the upper ARQ PDU size should always be less than or equal to the HARQ PDU size.
It is proposed to attach a TSN per HARQ PDU, in which the value of the TSN is common to the value of the SN of the upper ARQ PDU contained in the HARQ PDU. To avoid ambiguity, upper ARQ PDU size should be always less than or equal to the HARQ PDU size.
3 Summary and proposal
This document discusses the HARQ principles for E-UTRA and shows our proposals. Our proposals are as follows, and it is proposed to insert the text below in to the RAN2 LTE TR 25.813:

· At the maximum, only one DL-SCH and one UL-SCH can allocated to an UE per TTI at least with regards to dedicated traffic. Whether this can be applied for multicast traffic too needs further study.
· N process stop and wait HARQ is supported with at the maximum only one process allocated to an UE per TTI.

· Synchronous HARQ-Ack is supported for both DL-SCH and UL-SCH.
· It is FFS whether to support asynchronous or synchronous HARQ retransmission for DL-SCH and UL-SCH. This issue should be addressed together with RAN WG1.

· Only flows of the same QoS can be multiplexed onto a DL-SCH TB. Whether or not flows with different QoS can be multiplexed onto an UL-SCH TB is FFS.

· Transmit window control, reordering and in-sequence delivery to higher layers are not performed at the HARQ level (performed only at the upper ARQ level).
· TSN is attached per HARQ TB. The TSN value is common to the value of the SN of the first upper ARQ PDU contained in the HARQ TB. HARQ TB size is always greater than or equal to the upper ARQ PDU size.






