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1. Introduction

At the previous RAN 2 meeting there was a discussion about the necessity for multi level ARQ (outer ARQ) in RAN. This paper identifies the advantages and drawbacks of the single layer ARQ approach and describes how such an approach may be realised.
2. Discussion

2.1 Potential problems on multi level (outer) ARQ in the RAN

The following issues exist in multi level ARQ provided by the Rel-6 RLC and HARQ protocols.
· Latency increase:

It requires relatively longer time to detect a packet loss caused by the failure of HARQ and to recover them if outer ARQ function is located at centralized node. 

· Complexity increase: 

Optimization of outer ARQ and HARQ parameters (e.g. T1 and prohibit timers) is difficult since optimum parameter values are dependent on Iub loading and delay, but Iub loading and delay are not constant. Moreover, Iub flow control function is also needed if outer ARQ is located at central node.
These issues may act as obstacles in achieving the high performance requirements for LTE, and we therefore think that if the outer ARQ functionality is to be adopted, it should be located at Node B. However, we believe that the outer ARQ function should be merged with HARQ at the Node B by enhancing the HARQ functionalities to allow for a simple system implementation.

2.2 Single layer ARQ architecture

We briefly describe advantages and drawbacks of single layer ARQ architecture.

The main advantages of the single layer ARQ architecture is summarized as follows.

· Time diversity gain from persistent packet combining:
If the same number of retransmission is allowed for the single and the two-layer ARQ architecture, the single layer ARQ architecture will achieve lower residual block error rate due to time diversity gain from packet combining.
· Simplified buffer architecture:

Buffer management and implementation can be simplified since only single layer buffering is needed.
On the other hand the issues to be solved when outer ARQ is not used are shown below. Note that issues on possible packet loss over Iub and packet loss at cell change are not treated here, but in [1].
· Compensation of the residual error after HARQ retransmission:

The residual block error will occur due to long fading dips in the channel or due to bad MCS selection caused by inaccurate CQI reporting or misinterpreted CQI value at Node B. The residual block error rate after maximum retransmission of HARQ must be met in the order of 10-5 to 10-6 in order to reach the peak data rates of 100 Mbps that is a targeted for LTE [2]. Persistent HARQ retransmission will reduce residual block error, so we need to investigate how much persistency will be required and if necessary design a HARQ protocol that emulates RLC retransmission.
· Compensation of the packet loss due to the protocol error:

Another problem in MAC-layer HARQ is the misinterpretation of HARQ-Ack feedbacks. Especially NACK to ACK misinterpretation is serious since it results in a packet loss. Therefore the NACK to ACK misinterpretation must be limited to a very low rate (e.g., 10-6) in order to achieve the residual packet loss rate in the order of 10-6.

The latter issue seems to be the more critical system performance issue, whereas the former can be mitigated by more sophisticated HARQ protocol design (i.e., outer ARQ emulation by HARQ) and conservative MCS selection in a bad channel condition. Therefore it is thought that single layer ARQ is possible if robustness of necessary HARQ feedback can be achieved by a moderate L1 overhead.

2.4 Approach for reducing HARQ feedback misinterpretations
Some possible solutions to achieve a robust HARQ feedback are briefly described.
· Alternative 1 (Layer 1 based solution):

One approach to achieve high reliability for HARQ feedback is to detect a feedback signalling error in L1 level with an error detecting code. One candidate is CRC detection. The ACK/NACK bit can be multiplexed with L1 control information and the CRC bits are calculated and appended using all of these bits. The benefit of this approach is that HARQ feedback misinterpretations can be detected by CRC and be recovered immediately. and therefore minimizing the latency required in recovering protocol errors. Another considerable merit to employ error detection coding is that the upper bound of misdetection rate is determined by the length of CRC bit irrespective of the radio channel condition. On the other hand the drawback is that the other L1 control information must be multiplexed every time to achieve the channel coding gains.

· Alternative 2 (Layer 2 based solution):
Another approach to detect the NACK to ACK misinterpretation is by comparing the sequence number of the MAC-PDU (or new date indicator) transmitted and the sequence number of the MAC-PDU expected to be retransmitted. By the immediate detection of the NACK to ACK misinterpretation at HARQ layer, the loss can be recovered quickly without outer ARQ. This approach has already been presented in the past [3] and identified to be a possible candidate for the HARQ feedback scheme from the transmission cost point of view [4].
· Alternative 3 (Hybrid scheme of Alt.1 and 2)

The third approach is a combination of the alternatives mentioned above.

Form the latency and reliability point of view alternative 1 has many advantages. Meanwhile the required transmission power for this enhanced HARQ feedback signalling would be increased. Transmission cost for the enhanced HARQ feedback signalling also needs to be evaluated considering the amount of the transmission power for HARQ signalling relatively to the total transmission power. As for alternative 2, we need to avoid successive NACK to ACK misinterpretation in the recovery phase. However the probability of the successive NACK to ACK misinterpretation would be very low if the detection error of the HARQ signalling is designed to meet in the order of 10-3 to 10-4.

Therefore the necessity of the outer ARQ must be judged by the evaluation of the transmission cost of the enhanced HARQ feedback signalling and its achievable quality. We think there is a possibility for single layer ARQ architecture and further simplification of the L2 protocol for LTE by employing the enhancements of the HARQ feedback signalling with a moderate transmission cost.

3. Proposal

NTT DoCoMo proposes that RAN 2 should follow through the discussion for the necessity of outer ARQ functionality and also pursue studies on the way to realize single layer ARQ architecture. We are going to evaluate the feasibility of the single layer ARQ architecture taking the following points into account by the next RAN 2 meeting.

· Implementation complexity

· Signalling overhead (bit rate, required power)
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