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1
Introduction

This paper identifies some issues that need to be addressed in relation to the outer ARQ function and summarises options for implementation. Given the level of analysis provided here no recommendation is made. It is assumed that the outer ARQ, segmentation and HARQ functions are collocated in the eNode B. 

2
Discussion

Whilst it is recognised that the location of the ARQ function remains an open issue, it is assumed here that the outer ARQ function is collocated with the SDU segmentation/ re-assembly function and the HARQ function in a single node. 

Proposals have been made to include the outer ARQ function in the Node B or in the aGW but contributions made so far suggest that the performance differences between the two solutions may be quite small and network topology and other issues have a stronger influence. Given the apparent wide support for a Node B location this has been assumed here. 

2.1 Issues Relating to Outer ARQ and Segmentation Requirements

Two issues are identified the answers to which may have an influence on the specification of the outer ARQ and segmentation functions in MAC.

1. What level of error recovery is required from the outer ARQ function,

Is the outer ARQ process required to be capable of 100% error recovery or will a lower standard be acceptable. An example of how the ARQ process might be simplified if less than 100% recovery is required is enabling only a single retransmission request. If no provision need be made for a second request should the first fail then the procedure might be simpler. A second example is the following, if 100% recovery is required then it will not be possible to delete data stored at the Tx until the Rx acknowledges it which implies Ack signalling and its associated overhead. If the risk that a PDU is not available for retransmission is accepted other methods for clearing the Tx buffered data might be used.

It is noted that the outer ARQ would be applied to both user and control planes which may have different residual error rate requirements.

2.
When outer ARQ retransmissions are made, do HARQ resources have to match the retransmission size or must provision be made for PDU segmentation so as to fit available radio resources.

When retransmissions are made by the outer ARQ function the payload of the lost HARQ transmission may be too large for optimal use of radio resources. One solution would be for the segmentation process to permit subdivision of the original segment(s) contained in the HARQ payload without compromising reassembly of the original SDU.  An alternative would be retransmit in the original format even if this makes sub-optimal use of radio resources.

2.2 Overview of Options for Implementing the Outer ARQ Function 

In the following the following terms are used:

SDUs: IP packet that are input to the segmentation process.

PDUs: Segments of SDUs (including headers if any) that are a size that is suitable for transmission via HARQ PDUs.

HARQ PDUs: The block of data that is submitted to the HARQ transmission process (including headers if any).

2.2.1 Assumptions Relating to HARQ Operation

It is assumed that: 

-
Each UE may have more than one IP QoS flow which are multiplexed together through a single HARQ function.  Each QoS flow may have different QoS requirements and these are likely to be reflected through parameters such as whether outer ARQ should be applied and the maximum number of HARQ retransmissions.

-
There is a single HARQ function per UE and that this will multiplex PDUs from the UE's one or more QoS flows.

-
The HARQ function will operate a number of independent, overlapping in time HARQ processes. Consequently the HARQ function may deliver HARQ PDUs out of sequence. 

2.2.2 Outer ARQ Operation

The outer ARQ process can operate at either the:

SDU level:  
Where loss detection would be located after the SDU re-assembly stage based on SDU sequence numbers.

PDU level. 
Where loss detection would take place within or just before the SDU re-assembly stage and would be based on PDU sequence numbers or their equivalents.

HARQ level. Where loss detection would take place either (i) within the HARQ PDU re-ordering stage using HARQ PDU sequence numbers or (ii) within the HARQ process using Ack/Nack error detection.

For each of these options definition of an outer ARQ protocol will require solutions for each of the following:

· How is the PDU loss detected by the Rx or Tx,

· How is the loss signalled to the Tx,

· How, if at all, is retransmission re-requested,

· How are PDUs that are stored at the Tx pending retransmission removed from the buffer.

Outer ARQ at the SDU level:

Operating the outer ARQ process at the SDU level would result in an inefficient use of radio resources since loss of a single HARQ PDU could result in the retransmission of the equivalent of many HARQ PDUs. The payload of a HARQ PDU is expected to be significantly smaller than the 1500 byte maximum SDU size.

For this reason it is proposed that operating the outer ARQ function at the SDU level is not a realistic option.

Outer ARQ at the PDU level:

Operating the outer ARQ process at the PDU level would result in efficient use of radio resources because the retransmitted payload will be closely matched with HARQ PDU size. The following are noted:

· The mechanism is selective in that it is only applied for those QoS flows that require outer ARQ.

· The mechanism requires PDU sequence numbers or an equivalent but these will be required anyway for SDU re-assembly.

· Loss detection could be by out of sequence PDU arrival if reordering is completed at the HARQ stage or by a sequence number window/ timer mechanism if no re-ordering takes place at the HARQ stage.

· Retransmission request would be by Nack signalling. If repeat requests were required these could be triggered by periodic Nack reporting or polling by the Tx in a manner similar to conventional RLC operation.  

· Clearing of data from Tx buffers could be by Ack signalling which would be a more conventional mechanism or, in order to avoid Ack overhead by deletion based on a timer or sequence number window mechanism

At the PDU level it would be possible to define either a simple retransmission scheme where, for example, a single Nack is permitted, or perhaps one or two Nacks and deletion of data from the Tx buffer would be triggered by a sequence number window/ timer mechanism rather than Ack signalling. This may result in recovery from most errors but not 100%

Alternatively, at the PDU level it should be possible to define a more conventional RLC AM mode like mechanism with Ack signalling, flow control and transmit windows. By this means 100% error recovery could be achieved.

Outer ARQ at the HARQ PDU level (Sequence Numbers):

The outer ARQ procedure could be implemented within the re-ordering process in the first stage following HARQ PDU reception. It would be efficient in the use of radio resources since the retransmitted unit is the same as the unit lost.

If a simple ARQ process were implemented e.g. one or two Nack attempts only then it is thought that it could be implemented at this point in the stack. It is suggested that a more conventional RLC AM like mechanism would not be suitable at this point. It is noted that:

· The Nack mechanism would not be selective but the Tx could omit to retransmit HARQ PDUs whose contents QoS does not require outer ARQ.

· The mechanism requires HARQ PDU sequence numbers but these may be required in any event to enable re-ordering (if not conducted at the PDU level) and in case order sensitive information is contained in HARQ PDU headers e.g. traffic volume reports.

· Detection could be by way of a sequence number window/ timer mechanism.

· Retransmission request would be via Nack signalling.

· Deletion of data stored at the Tx could be by ck signalling or a sequence number window/ timer mechanism.

Outer ARQ at the HARQ PDU level (Ack/Nack error detection):

It is possible that the HARQ receiver process can detect that HARQ Ack/Nack errors have occurred. The following are noted:

· Only a single retransmission request is possible since the Rx cannot know the identity of the HARQ PDU.

· Retransmission request would be via Nack signalling

· The Nack mechanism would not be selective but the Tx could omit to retransmit HARQ PDUs whose contents QoS does not require outer ARQ.

Summary over options:

It is suggested that if a simple outer ARQ mechanism that is not required to recover 100% of losses is required then it is difficult to identify a preferred level at which the outer ARQ process should be located, except the SDU level, at least to the depth of analysis presented here. If a simple mechanism proves to be acceptable then the elimination of outer ARQ Ack signalling might be avoided.

If however a high reliability mechanism is required something closer to RLC AM mode then the PDU level may be the best location. However, more detailed investigations than that given here are required.

Possibly different outer ARQ requirements will exist for different bearers and it may be necessary to define the outer ARQ function in such a way that it can be configured to these differing requirements.

3. Conclusions

Concluding from the discussion above we propose:
            Not to use Outer ARQ on MAC SDU level because of non optimum use of radio resources 
We propose that discussions are continued on the basis of the following: 
If it is required to have: 

-  high reliability level (close to RLC AM) or

-  selectivity regarding number of ARQ re-transmissions or  

-  selectivity regarding use/not use of ARQ:

to use Outer ARQ on PDU level
If it is considered acceptable to have

-  lower reliability level and

-  low selectivity regarding use/not use of Outer ARQ and

-  consider simple mechanisms 

to use Outer ARQ on HARQ PDU level
 
