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1 Introduction

In LS-R2-032235 RAN1 has provided the TR 25.896 [1] and asked RAN2 to comment on it and provide text input. Among the rich set of proposed uplink enhancements in the TR, the present contribution focuses on the following one:

· HARQ operation,
and its impact on the E-DCH radio interface protocol architecture.
The discussion in section 2 is proposed as input to the TR 25.896.
2 Impact on Radio Interface Protocol Architecture
This section analyses the impact of HARQ operation to the E-DCH radio interface protocol architecture. Four different possibilities are considered depending on how the HARQ functionalities are split between the Node B and the SRNC, and depending on whether the HARQ operation is in Soft HO or not.
2.1 Non-Soft HO with HARQ
In this scenario the HARQ mechanism is located in the Node B and is not operated in Soft HO. Figure 1 depicts an example for E-DCH protocol architecture.
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Figure 1: Protocol termination points for E-DCH

The protocol architecture depicted above is identical to that of HS-DSCH. The lower MAC sublayer (located in the Node B) has similar functions with MAC-hs, at least regarding the HARQ functionalities. It should be studied whether solutions similar to those used for HS-DSCH are applicable.
2.2 Intra-NodeB Soft HO with HARQ
This case is different from the previous in that it allows for operation in Soft Handover mode between cells controlled by the same Node B. Assuming that a clever Node B implementation can handle the HARQ operation across multiple cells, the protocol architecture depicted in Figure 1 applies for this scenario too.
2.3 Inter-NodeB Soft HO with Simple ARQ

The HARQ operation in Soft HO across multiple Node Bs is facing the issue of synchronisation of the soft buffer contents among all involved Node Bs [see Annex]. In order to circumvent the problem, the TR 25.896 considers the use of non-hybrid ARQ operation for the Inter-Node B Soft HO scenario. The Node B would control ARQ operation without soft combining.
From an architecture point of view, the “non-hybrid operation in Soft HO is already covered in the R99 DCH protocol architecture, knowing that the ARQ functionality is located in the RLC layer in the SRNC.
Therefore, the existing R99 DCH protocol architecture applies for this scenario.
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Figure 2: Protocol Termination for R99 DCH
2.4 Inter-NodeB Soft HO with HARQ

The HARQ operation in Soft HO operation across multiple Node Bs requires the synchronisation of the NodeB's soft buffer content. This can be realised by locating the soft buffer functionality (the “H” of “HARQ”) in the Node B and having the final ACK/NACK decision in the RNC (the “ARQ” of “HARQ”). It shall be noted that, conversely to HSDPA HARQ mode of operation, this implies “asynchronous“ ACK/NACK transmissions.
When evaluating this mode of operation ACK/NACK delay and Node B memory requirements should be taken into account.
From the protocol architecture view it is possible to re-use the ARQ functionality of the RLC layer. Some enhancements to the RLC as well as the Iub/Iur frame protocols should be studied in order to allow for co-ordinated RLC retransmissions between the UE and the Node B that can leverage on the soft combining in the Node B.
Assuming that the soft buffer functionality in the Node B is part of the PHY layer in the Node B, the R99 DCH protocol architecture depicted in Figure 2 applies for this scenario too.
3 Proposal

It is proposed that RAN2 agree on Section 2 of the present contribution as input to Section 10 in the TR 25.896.
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5 Annex: Excerpt from TR 25.896
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. One possibility to reduce the occurrence of erroneous combining could be to increase the reliability of the uplink HARQ control signaling. This could be for example done by  power offsets or by increasing the number of bits for the New Data Indicator thus making a wrap around of the NDI less likely. 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 NodeB's soft buffer content via additional network signalling or to locate the soft buffer in the Node B and the final ACK/NAK decision in the RNC. 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 hybrid ARQ control signaling, but the delays will be larger than for a pure Node B controlled scheme.
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