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1 Introduction

During the RAN#65 meeting, a new Rel-13 Study Item was approved on Downlink Enhancements for UMTS [1]. One of objectives is:

· Investigate mechanisms to enhance SRB coverage over HSPA.(RAN2)
During the RAN2#87b meeting, the improved mechanism has been discussed in [2]. This document further discusses the improved HARQ retransmission mechanism.
2 Discussion

2.1 Background and motivation
HSDPA feature was introduced in Rel-5 and it further improves downlink data transmission performance compared to DCH channels. In HSDPA, AMC and HARQ mechanism are applied, and both help the network to dynamically schedule UEs.

In case of SRB over HSPA (SRBoH for short), there is no downlink transmission diversity, and the coverage is smaller than SRB over DCH. In poor coverage area, the RRC signalling transmission failures may increase for SRBoH, so more call drops may happen.

In addition, if the more retransmission is needed when UE is in cell edge, the user experience may not be so good for the transmission delay sensitive service.
2.2 Analysis
Currently the network can configure multiple HARQ processes for continuous transmission for HSDPA, and there is a fixed HARQ timing between the HS-PDSCH and HS-DPCCH.
In figure 1, if the network schedules an initial MAC PDU on process#1 and then sends a retransmission also on process#1 in the consequent sub-frame, the UE may discard the second PDU. Normally the network will transmit a new MAC PDU or perform retransmission depends on the feedback information from the UE after at least 5 sub-frames (i.e. 10 ms) from the initial data transmission.
This rule has already been captured in 11.6.2.2 HARQ process in the TS 25.321 ([3]).
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Figure 1: a MAC PDU may be discarded in a certain situation

Theoretically, one HARQ retransmission could contribute 3db gain and the AMC gain could also be expected.
In the current networks, one may consider to increase the HS-DSCH transmission power in order for better performance. However, there may not be enough power in case of cell overloading. In case of cell light loading case, if the power of HS-DSCH is increased, the BLER will be impacted because the noise energy increases as well with the increased HS-DSCH power.
2.3 Solution

As shown in the figure 2, if a handover signalling PDU is transmitted for three times (two retransmissions) due to bad coverage, the total transmission time is 18 TTIs.
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Figure 2: a MAC PDU with three transmissions

When the improved HARQ retransmission is enabled, the network will schedule a MAC-hs/ehs PDU with the same TSN in consequent sub-frames. This is shown in figure 3 and there are 2 retransmissions following the initial transmission.
At the UE side, if the New Data Indicator is identical to the value used in the previous received transmission in the HARQ process then it combines the received data with the data currently in the soft buffer for this HARQ process and generates feedbacks for them. Since the UE may be required to send the feedback for continuous sub-frames, the Ack-Nack repetition factor should be set to 1 correspondingly.
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Figure 3: a MAC PDU with improved HARQ retransmission
In figure 3, if there is no ACK received after all the three continuous transmissions, the network could decide to continue the next three continuous HARQ retransmission based on HARQ timing. Later, if the network receives at least one ACK from the UE, the network will consider the MAC-hs/ehs PDU had been successful transmitted.
By considering improved retransmission, there will be more HARQ retransmissions compared to the legacy way within a certain period, so both the robustness and latency could be improved. In this case, the user experience is guaranteed if delay sensitive service is considered.
So far, HSDPA operation with HARQ feedbacks can be available in CELL_DCH state and CELL_FACH state. For CELL_DCH state, the signalling is seen to be frequent so that the signalling robustness is important, and it is not exactly aligned with CELL_FACH state because a user may not stay very long in CELL_FACH state. So we think the improved HARQ retransmission can be considered only for CELL_DCH state.

Proposal 1: It is proposed RAN2 to discuss and agree the improved HARQ retransmission in CELL_DCH.
3 Conclusion

In this paper, we provide our analysis on improved HARQ retransmission, including the motivation and performance analysis. We see that this improvement is valuable for downlink HSDPA transmission and especially for SRB over HSPA, so it is proposed:

Proposal 1: It is proposed RAN2 to discuss and agree the improved HARQ retransmission in CELL_DCH.
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