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Introduction

In order to benefit from macro-selection diversity gain, it is considered to support soft handover operation for enhanced uplink dedicated channel (E-DCH) [1]. Another technique considered for E-DCH is Node B controlled hybrid ARQ (H-ARQ) which allows fast retransmissions of erroneously received data thus reducing the need for RLC retransmissions and the end-to-end delay of packet-based services. The feasibility of supporting HARQ operation during soft handover is currently investigated [2]. The motivation is to combine macro-selection diversity gain with delay reduction. 

However, in soft handover scenario the associated HARQ up- and downlink control signalling (outband) does not benefit from macro-selection diversity gain. Due to this link imbalance, the associated control signalling might require significant power offsets.  This paper considers protocol operation in presence of signalling errors. Certain enhancements in HARQ process operation aiming at improving protocol robustness are outlined.  

HARQ operation during Soft Handover

For E-DCH there are single transmitting and multiple receiving protocol entities for soft handover operation. Since UE may receive different ACK/NAK feedback messages from the receiving entities, it cannot benefit from the soft combining gain. Therefore the feedback signalling from each receiver decreases the downlink capacity by utilizing additional OVSF codes and transmit power without providing significant increase in ACK/NAK reliability. The receiving HARQ entity in the UE needs to consider the feedback from the multiple receivers. Only a single Node B from Active Set could send feedback to UE [3], but in this case it has to be aware of the status of HARQ protocols in the other Node Bs. 
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In the uplink direction, not all Node Bs from the Active Set may always be able to receive the associated control signalling from UE, which may lead to erroneous combining of new packets with previously stored packets. A correct decoding will not be possible in that case and hence the receiver will request for a retransmission of that packet. The HARQ protocol needs to be designed to avoid erroneous combining caused by non-synchronised soft buffers of multiple receivers. 

In the figure above an exemplary soft handover scenario with two Node Bs within the Active Set is depicted. Assuming an 3-channel Stop-and-Wait HARQ protocol the following situation could occur which is called the wrap around problem. The situation is shown in the figure below. Both Node Bs within Active Set have stored an erroneously received data packet, transmitted on the first HARQ process, in the corresponding soft buffer. The retransmission of this packet scheduled on that HARQ process is acknowledged by Node B1 thus the soft buffer is flushed, but Node B2 was not able to decode the data correctly. Let us assume that the New Data Indicator (NDI), a 1-bit sequence number which is signaled by the uplink control signaling, was set to 0 for the retransmission. UE requests for a transmission of a new data packet upon receiving the ACK feedback from Node B1. The next transmission on HARQ process 1 is again correctly received and acknowledged by Node B1.  NDI was toggled to 1 in order to indicate the transmission of a new packet. Node B2 could not decode the uplink control signaling correctly (misses transmission) due to bad channel conditions.  The next transmission on the first HARQ process is again an initial transmission of a data packet. Thus NDI is set to 0. Node B2 decodes the control information and erroneously combines the received new packet with the content of the soft buffer, which has not been flushed. To avoid wrap around problem for N-process Stop-and-Wait HARQ protocol, the same HARQ process should not be scheduled again for receiving a new data packet unless the corresponding soft buffers at the Node Bs that contain stored data associated with this process are flushed. 
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For a window based HARQ protocol the issue is similar. It should not happen that a packet is received with same sequence number as an old data packet in the soft buffer. In this case, the HARQ window has been advanced while the soft buffer has not been flushed. In the following, it will be assumed that HARQ protocol is an N-process Stop-and-Wait as for HS-DSCH.

More reliable uplink signaling  

Wrong combining of packets before decoding which will lead to unnecessary retransmissions should be avoided by all means. One possibility to reduce the occurrence of erroneous combining is to increase the reliability of the uplink HARQ control signaling. This could be for example done by increasing the reliability of already existing HARQ control information. Another method is to introduce additional control information in the uplink signaling.

Increasing the reliability of already existing HARQ control information 

 A simple mean to reduce the occurrence of the wrap around problem is to increase the number of HARQ processes or the size of the New Data Indicator. The Round Trip Time for E-DCH and thus the required number of HARQ processes should be about the same as for HS-DSCH. An additional increase would result in additional Node B complexity unless buffer is shared dynamically between different HARQ processes. An increase of the size of the NDI to two or three bits on the other hand would not impact the required soft buffer size, but would just increase the HAR Q signaling overhead in the uplink. It should be mentioned that the problem of erroneous combining cannot be excluded completely, but the likelihood of the occurrence can be reduced significantly. 

Additional control information on the uplink 

If we assume that all Node Bs send feedback the UE knows the reception state (HARQ context) of each Node B exactly. Even if some Node Bs missed some retransmissions completely, it will be known to the UE based on the missing feedback of those Node Bs. In that case the UE could also signal an additional flag indicating whether to combine the received data packet with previous transmissions or not. If a packet which is still stored in the soft buffer has not been scheduled in the meantime or has not been acknowledged by any of the Node Bs a combine indicator may be set by the UE to indicate to the Node Bs that the packet can still be combined. For an initial transmission of a new data packet the combine indicator may indicate that the received packet is not to be combined with previous data packets received and the Node B may flush a buffer region corresponding to the process number signalled with the current received data packet. 

Synchronizing the contents of the Soft Buffers 

In general additional outband signaling overhead or power offsets in the uplink HARQ control signaling should be avoided. Alternatively there could be some synchronization of the soft buffers of different Node Bs of the Active Set. The status of the soft buffers of all Active Set Node Bs should be aligned to the status of corresponding HARQ entity on UE side. Furthermore, the amount of signaling over the air interface in the downlink should be reduced without decreasing the reliability of the ACK/NAK feedback. A simple mean to reduce the air interface signaling is to send only an ACK to UE.  In case decoding was not successful no feedback is signaled in the downlink.
The synchronization of the soft buffers could be realized by at least two methods. One method is based on signaling over Iub/Iur, the other one is timer based.

Signaling over Iub/Iur based synchronization method

This method is realized by signaling additional control information between Node Bs within Active Set. Hence, the status of the soft buffers would be updated in the Active Set Node Bs at the cost of additional Iub/Iur signaling. As mentioned before, the amount of downlink signaling on the air interface may be reduced by e.g. selecting a single Node B (serving Node B) that would send the feedback to the UE. This would anyway require signaling about the result of the decoding process which may be used at the same time to perform the soft buffer synchronization. Waiting for the decoding result of other Node Bs will increase the Round Trip Time and will thus decrease the gain of E-DCH. The time available for soft buffer synchronization on the other hand will be larger and depends upon the time a possible wrap around could occur. 
Timer based synchronization method

Alternatively the soft buffer synchronization of the Active Set Node Bs could also be performed by defining a time interval during which the contents of soft buffer should be stored. After that time interval, if no retransmission is received, the buffer would be flushed. In this case the update of the soft buffers would be realized without any additional Iub/Iur signaling. In this manner erroneous combing would be avoided. The overall gain of soft combining may be reduced if the retransmissions arrive after that time interval. 

Conclusions
In this document we were discussing possible problems in HARQ operation during soft handover in the presence of signalling errors. Certain enhancements in HARQ protocol operation aiming at improving protocol robustness are outlined.  As described there are several methods for HARQ soft buffer synchronization to avoid the wrap around problem that makes it possible and thus worthwhile to consider HARQ during soft handover. Not only the soft combining gain could improve performance, but also the reduced round trip time for retransmissions in general. If only serving Node B sends feedback in the downlink based on the knowledge of other Node Bs decoding results the required downlink signaling would be reduced and a soft buffer synchronization could be provided inherently. Still the increased delay for the ACK/NAK feedback and its implications must be evaluated in more detail.

A text proposal for TR 25.896 is enclosed which describes the problem of erroneous combining in more detail and provides a more comprehensive set of possible solutions. The feasibility study of such solution may require the involvement of RAN2 and RAN3 at some point of time. 
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--------------------- Start of text proposal --------------------------------------

7.2.4
Operation in Soft Handover

The support of hybrid ARQ in different forms in soft handover requires careful consideration. In one possible scheme, 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(s) 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.

A major problem with Node B controlled hybrid ARQ in soft handover is the link imbalance. Since the associated up- and downlink signaling does not benefit from the soft handover gain, it might be error-prone and/or require significant power offsets. Therefore, the feasibility of hybrid ARQ in soft handover situations should be investigated, taking the power required for control signaling into account. Protocol robustness in presence of signaling errors needs to be considered and additional protection of the control signaling may be required.

In the downlink direction, the UE may not be able to receive the ACK/NAK signals from all involved Node Bs. The consequences of downlink ACK/NAK errors are similar to the uplink ACK/NAK errors studied for HS-DSCH and it should be studied whether solutions similar to those used for HS-DSCH are applicable.

In the uplink direction, not all involved Node Bs may be able to receive the associated control signaling from the UE, which may lead to  unsynchronised soft buffers between different Node Bs. This could result in erroneous combining of new packets with previously stored packets that have not been flushed. Besides making the uplink hybrid ARQ control signalling more reliable e.g. by power offsets, the number of bits for the New Data Indicator could be increased  thus making a wrap around of the NDI and erroneous combining less likely. Erroneous combining could also be avoided by flushing the soft buffer of Node Bs before a possible wrap around of the NDI can happen. An alternative could be to operate without soft combining in soft handover situations, removing the need for reliable outband signaling of the new data indicator and the hybrid ARQ process number. More robust inband signaling can be used for these quantities instead. Node B controlled ARQ without soft combining could be considered in non-soft-handover as well, if clear gains are seen only from the ARQ mechanism and not from the soft combining itself. Another possibility, preserving support for hybrid ARQ with soft combining in soft handover, could be to synchronize the Node B’s soft buffer content via additional network signalling or to relocate the final ACK/NAK decision in the RNC completely. This technique allows the RNC to align the soft buffer status in each Node B and may benefit from the soft handover gain for the related downlink hybrid ARQ control signaling, but the delays will be larger than for a pure Node B controlled scheme.
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