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1
Introduction

At RAN#31 it was accepted that the LTE outer ARQ function should be located in the eNB and it is now possible to progress the stage 2 description of this function. This Tdoc contains proposals relating to requirements, level of operation and details of implementation.

2
Discussion

2.1 Requirements
It is suggested that it will be useful if the required characteristics of the outer ARQ function can be identified before implementation issues are discussed. The following is proposed as a first requirement:

1. A single outer ARQ specification will apply to the UE and the eNB and that this specification should apply to both control (RRC and NAS) and user plane channels.

The protocol should provide low latency and there appears to be a general desire for simplicity. A question that must be answered is whether the outer ARQ function should have a single configuration or should be configurable, for example between a reduced signalling overhead and reduced reliability and a higher signalling overhead and increased reliability. A second question that must be answered is whether the outer ARQ should be capable of providing high (target 100%) reliability through repeated retransmissions or whether a lower upper level of performance would be acceptable.

Whilst recognising that it is desirable to keep the signalling required to configure the outer ARQ function small, it is suggested that for flexibility and to be future proof a configurable outer ARQ capable of high reliability is required. Consequently the following is proposed as a second requirement:

2. The outer ARQ function should be capable of providing high reliability (approaching zero residual error probability) through multiple retransmissions when required. It should also be possible to configure the outer ARQ function to provide reduced levels of reliability in exchange for bounded delay and reduced signalling overhead. The signalling required to configure the outer ARQ function should be a minimum consistent with these requirements.

It is assumed that there would be a single ARQ operating mode, similar in principle to UMTS AM.

2.2 Level at which the outer ARQ function operates
Outer ARQ could operate at one of three levels, the SDU (header compressed IP packet) level, the PDU (SDU segment level) and the HARQ level. Since the choice impacts upon the interfaces between outer ARQ, segmentation and transport block formation it is proposed to make that choice at stage 2.

a. Outer ARQ based on HARQ PDUs

It is possible to identify two methods for implementing ARQ at the HARQ PDU level:

· Loss detection is by way of direct Ack/Nack error detection. This method, whilst enabling a fast detection and retransmission request, would not be capable of making multiple requests for an HARQ PDU, nor does it cover all error conditions. 

· Loss detection is by way of missing HARQ PDU sequence number detection. This may not achieve as rapid loss detection as direct Ack/Nack detection and it is suggested that the number of retransmissions that are possible may be limited if stalling is to be avoided although this will depend upon the sequence number range.

A difficulty with the HARQ PDU methods is that it is thought that it is not possible to discriminate between HARQ PDUs that contain data for which outer ARQ is required and those for which it is not. Although the transmitter can discard Nacks when retransmission is not required, unless the outer ARQ is configured for only a single retransmission this is not a complete solution since repeated requests would need to be surpressed.

Although implementing the outer ARQ function at the HARQ PDU level could provide a lower latency than implementation at the SDU or PDU level, because it does not appear to be capable of providing ARQ selectively or achieving zero residual error rates it is proposed that this option should be rejected.

b. Outer ARQ based on SDUs

The following observations are made with regard to implementing ARQ at the SDU level:

· Where SDUs are segmented for transmission by the HARQ process the loss of an isolated HARQ PDU will result in the retransmission of all of the SDU with a consequent waste of air interface capacity. Whilst it has been suggested that through use of longer TTIs most SDUs can be transmitted without segmentation, for low bandwidth deployments at least, the situation can be expected to occur.

· Where segmentation is applied, an SDU that is being retransmitted would be re-segmented before transmission and the segments formed would be chosen to match the air interface conditions at the time of transmission.

· The segmentation function can be separate from the outer ARQ function and independent of whether outer ARQ is applied or not.

c.  Outer ARQ based on SDU segments (PDUs)
The following observations are made with regard to implementing ARQ at the PDU level:

· By retransmitting at a PDU level the overhead of retransmitting PDUs from the SDU that have been successfully received would be avoided. It is thought that the additional control overhead is limited to an increase in the size of the unit identifier contained within a Nack message.

· Should the radio resources available for the retransmission be insufficient for the segment (PDU) size then either the retransmission would have to be delayed or sub-division of the PDU would be necessary. Whilst the capability to sub-divide PDUs increases the complexity of the ARQ function it does not appear to be impractical.

· The segmentation function would be merged with the outer ARQ function.

d.  Conclusion

It has been proposed that outer ARQ at the HARQ PDU level should be rejected because of a lack of selectivity and a perceived bound on the residual error rate that can be achieved. 

For the decision between ARQ at the SDU or PDU level it is proposed here that the waste of air interface capacity resulting from the unnecessary retransmission of PDUs should be avoided if possible. Although the loss of capacity may in many situations could be small, in others it may be significant. For this reason it is proposed that outer ARQ at the PDU level should be adopted as a working assumption. 

Re-segmentation of retransmitted PDUs should be supported is proposed as a working assumption. It is believed that there is no fundamental difficulty that would prevent it being supported but this but stage 3 work may be needed before this is confirmed.

Consequently the following is proposed:

3. It is a working assumption that the outer ARQ function should operate on the basis of SDU segments. It is also a working assumption that subdivision of segments that are being retransmitted should be supported.

2.3 Implementation Issues
The mechanism for implementing the outer ARQ function falls within stage 3 but the following issues are noted:

a. The ARQ function can be expected to require at least functionality to enable:

· The detection of lost PDUs both in mid sequence and at the end of a sequence.

· The reporting of Acks and Nacks.

· Clearing of buffered SDUs at the transmitter.

· Forwarding of received SDUs to a higher layer at the receiver.

· Identification that particular SDUs will not be delivered by the transmitter. 

· Re-ordering if this is not part of the HARQ function.

b. The assigning of sequence numbers to SDUs as part of encryption process has been proposed. These sequence numbers could be used as SDU sequence numbers by the outer ARQ function avoiding the need to introduce outer ARQ specific sequence numbers. To enable the same outer ARQ mechanism to be used with RRC/NAS signalling it would be necessary to assign sequence numbers to RRC/NAS messages. Ack messages could contain SDU sequence numbers, acknowledgement at the PDU level seems to be unnecessary. 

PDUs can be identified by a combination of the SDU sequence number and a segment identifier e.g. a segment number or a start byte indication. If the SDU is not segmented then a one bit 'no segmentation' indication could replace the segment identifier. This combination could be used in Nack signalling.

By these means the introduction of additional outer ARQ sequence numbering could be avoided.

It is proposed that these issues should be discussed and a decision made whether to incorporate some or all into the stage 2 description of outer ARQ in [1].

3.
Conclusions
Proposals have been made regarding stage 2 description of RRC. It is proposed that the statements denoted 1., 2. and 3. in sections 2.1 and 2.2  above and the statements a. and b. in section 2.3 above should be considered for inclusion in [1].
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