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1 Introduction

This paper analyzes the performance of HSDPA in a link imbalance scenario and proposes a HS-SCCH architecture that allows for alleviating the effect of link imbalance on the uplink ACK/NAK channel in HS-DPCCH. 

The link imbalance effect has been summarized in numerous earlier contributions in RAN1, and will not be repeated here. Suffice it to say that the uplink pilot intended for the HSDPA serving cell can become very weak, leading to an unreliable uplink HS-DPCCH due to poor channel estimation.

Specifically, consider the following situations when the Node-B transmits a packet on HS-DSCH to the UE.

1. The UE fails to detect the corresponding HS-SCCH and doesn’t transmit anything on uplink HS-DPCCH. The Node-B misinterprets the DTX as an ACK. 

2. The UE has a decoding failure, and transmits a NAK on uplink HS-DPCCH. The Node-B misinterprets the NAK as an ACK.

In either instance, the Node-B will never transmit the packet again. Meanwhile, the UE waits for a retransmission. Finally, at the re-ordering buffer, this could trigger a time-out and the data gets passed on to the RLC layer. But the timer leads to unnecessary and potentially large delays.

2 Proposed Solution

We propose adding 3 additional bits in part II of HS-SCCH. These bits indicate the priority queue to which the data belongs. The Node-B can use these 3 bits to let the UE know whether it needs to wait for a retransmission or not. The proposed algorithm is as follows.

1. The Node-B sends a packet on HS-DSCH and the corresponding priority queue information on the associated HS-SCCH. We will always refer to the priority queue along with the associated HARQ process.

2. Depending on whether the HS-SCCH and HS-DSCH are decoded correctly, the UE sends an ACK or NAK or transmits nothing (DTX) on uplink HS-DPCCH.

3. In the next possible transmission for that HARQ process (this could happen 12 ms later at the earliest), two possibilities exist.

a. There’s no new data for that UE and the Node-B interpreted ACKs for previous transmissions of the particular HARQ/Priority queue combination. 

i. The Node-B could send a “dummy” payload (using one of the reserved values for channelization code assignment), with the new data bit set to 1 in part II of HS-SCCH and the priority queue bits set to the value corresponding to the latest transmission on the HARQ process.

ii. This indicates to the UE that data is missing for that priority queue; the UE can trigger the RLC level re-transmission before the RLC time out expires.

iii. Assuming that the Node B supports multiple HS-SCCH, it can still allocate the HS-PDSCH resource to other UEs.

iv. The Node-B doesn’t have to send the “dummy” payload. It can monitor the uplink DPCCH pilot strength and/or DPCH BLER, and only transmit the “dummy” payload when it deems the uplink as “unreliable”.

b. The Node-B interpreted ACKs for the previous transmission. New data is being transmitted to the UE with the same HARQ process.

i. The new data bit is set to 1.

ii. This indicates to the UE that data is missing for that priority queue; the UE can trigger the RLC level re-transmission before the RLC time out expires.

c. The Node-B interpreted NAK for the previous transmission. 

i. The data is being re-transmitted at the MAC-hs level.

In the next section, we assess the impact of adding 3 additional bits in part II of the HS-SCCH.

3 Impact on HS-SCCH

We consider the impact of increasing the number of information bits on HS-SCCH part II from 29 to 32. In figure1, we plot the short-term BLER as a function of Eb/Nt. Rate 1/3 encoding was assumed. The notation is 1 for 29 information bits and 2 for 32 information bits.

It is seen that increasing the payload from 29 to 32 bits comes at a cost of less than 0.15 dB per bit (around 0.5 dB per access) in the worst-case scenario (single path 120 km/h). It should be noted that transmitting the priority queue information out of band would allow for the removal of the equivalent in band information transmitted as part of the MAC-hs header. 
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Figure 1
Impact on HS-SCCH part II

4 Conclusions

This contribution suggests a Node-B strategy that alleviates the problems associated with an unreliable uplink HS‑DPCCH. By allowing for a “3-way handshake”, the UE can flush its re-ordering buffers early, thereby reducing delay and minimizing upper layer impact of UL ACK/NAK false detections.

