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Introduction

The paper discusses the reordering function/duplication detection contained in the SRNC. The reordering function is necessary, because through HARQ and SH, the PDUs delivered on Iub can be delivered duplicate and in arbitrary order.

The following solutions for reordering are discussed below:

· RLC PDU based reordering in SRNC-RLC

· MAC-d PDU based reordering in SRNC MAC-d

· Priority flow unit based reordering in SRNC MAC-e/es

· MAC-d flow unit based reordering in SRNC MAC-e/es

Pre-emption and handling of retransmission of aborted transmissions might be also an issue for reordering in certain cases and is discussed below. 

Discussion

RLC PDU based reordering in SRNC-RLC

The existing RLC sequence numbers are used for reordering and duplication detection.

No TSNs are inserted in the MAC-e in the UE and there is no MAC-es in the S-RNC.

Reordering and duplication detection is done in the RLC in the SRNC.

Advantage: 

· No additional sequence numbers have to be added, thus the MAC-e header complexity is minimized.

· Each priority level has its own numbering scheme.

· No problems with retransmissions in case of pre-emption 

Drawback: 

· RLC has to be modified, because reordering and duplication detection is not included in the current RLC

· UM RLC offers only 7 bit sequence numbers, so maybe a problem with ciphering could arise as in known from HSDPA.

MAC-d PDU based reordering in SRNC MAC-d:

New Sequence numbers are introduced per MAC-d PDU. Before passing to the priority handling /TF selection in MAC-e, every MAC-d PDU gets a TSN.

Reordering is done in the MAC-d.

Advantage:

· The size of the new sequence numbers could be selected that there are no problems with ciphering

· Full flexibility for every MAC-d flow

· No problems with retransmissions in case of pre-emption.  

Drawback:

· Depending on the number of MAC-d PDUs per TTI, the signalling overhead per TTI becomes rather high (per MAC-d PDU)

Priority flow unit based reordering in SRNC MAC-e/es:

The reordering/duplication detection is done in the MAC-es sub layer.

In the UE in a joint operation of priority handling and TF selection, a number of MAC-d PDUs are assembled to larger units (Priority flow unit). Each of this unit consists of MAC-d PDUs of the same priority.

In case of MAC logical channel multiplexing, the logical channel priorities are respected and as a consequence the MAC-d flow is split into different priority flows. In this case, the associated priority of a multiplexed logical channel MAC-d PDU has to be known in the MAC-e/es in the UE. The priorities could be passed through from MAC-d or configured in the MAC-e/es and the MAC-e/es peeks into the header of the MAC-d PDU. 

The Priority flow units are marked with a header identifying the priority flow and describing the number and length information of MAC-d PDUs and get a TSN. Every priority flow gets its own TSN sequence. The TSN sequences are independent to each other.

In the simple case a MAC-e consists of a single priority flow unit. In case of MAC-e multiplexing the priority flow units of different priority flows are assembled to MAC-e PDUs according to the TF selection. A MAC-e header indicates if and how the priority flow units are assembled to the MAC-e PDU.

In the MAC-e/es in the receiver the MAC-e PDUs are disassembled and the priority flow units are fed into reordering queues. There is an independent reordering queue per priority flow. 

Reordering is done in MAC-es. Since in SHO the MAC-d flow units could arrive from different node Bs in parallel and even at different times also duplication detection is done. Other mechanisms could be added to support improved combining.

Advantages:

· No modification to existing entities.

· Low signalling overhead (TSN per priority unit).

· The size of the new sequence numbers could be selected so that there are no problems with ciphering.

· Low number of priorities (8) will naturally limit the complexity.

Disadvantages:

· Reordering of different MAC-d flows is not independent from each other.

· Both, the priority queue information for reordering and the MAC-d flow identity for separating the MAC-d flows afterwards have to be included and transmitted in the header. 

· If flows of equal priorities have different QoS or physical parameters, this could not be easily reflected in HARQ respectively Iub transport bearers.

· If PDUs of MAC-d flows are not of same size, the header complexity describing the content of the unit increases.

· Full flexibility regarding multiplexed logical channels is only achieved, if MAC-e can peek into the MAC-d header.

· Problems for retransmissions in case of pre-emption, if aborted units do not fit into newly scheduled MAC-e PDU size.

MAC-d flow unit based reordering in SRNC MAC-e/es

The reordering/duplication detection is done in the MAC-es sub layer

In the UE in a joint operation of priority handling and TF selection, a number of MAC-d PDUs are assembled to larger units (MAC-d flow unit). Each of this unit consists of MAC-d PDUs of the same flow.

In case of MAC logical channel multiplexing, each of the units could consist of a certain priority of a particular flow (MAC-d sub flow). In this case, the associated priority of a multiplexed logical channel MAC-d PDU has to be known in the MAC-e/es in the UE. The priorities could be passed through from MAC-d or configured in the MAC-e/es and the MAC-e/es peeks into the header of the MAC-d PDU. 

The MAC-d flow units are marked with a header identifying the MAC-d flow and and describing the number and length information of MAC-d PDUs and get a Transmission Sequence Number (TSN). Every MAC-d flow or MAC-d sub flow gets its own TSN sequence. The TSN sequences are independent to each other.

In the simple case a MAC-e consists of a single MAC-d flow unit. In case of MAC-e multiplexing the MAC-d flow units of different MAC-d flows are assembled to MAC-e PDUs according to the TF selection. A MAC-e header indicates if and how the MAC-d flow units are assembled into the MAC-e.

In the receiver, in the MAC-e/es the MAC-e PDUs are disassembled and the MAC-d (sub) flow units are fed into reordering queues. There is an independent reordering queue per MAC-d flow or MAC-d sub flow. 

Reordering is done in MAC-es. Since in SHO the MAC-d flow units could arrive from different node Bs in parallel and even at different times also duplication detection is done. Other mechanisms could be added to support improved combining.

Advantage:

· No modification to existing entities.

· Low signalling overhead

· The size of the new sequence numbers could be selected so that there are no problems with ciphering

· The reordering of MAC-d flows / sub flows is independent form each other

· QoS or physical parameters of a MAC-d flow unit could be more easily reflected in the HARQ and Iub bearers

· In a large number of cases, the MAC-d PDU sizes of a MAC-d flow are considered as constant, thus simplifying the header describing the content to number of MAC-d PDUs

Drawback:

· Full flexibility regarding multiplexed logical channels is only achieved, if MAC-e can peek into the MAC-d header.  

· Problems for retransmissions in case of pre-emption, if aborted units do not fit into newly scheduled MAC-e PDU size.

· High number of possible MAC-d flows may increase complexity.

Pre-emption and handling of retransmissions

If pre-emption in HARQ is possibly agreed as a working assumption, then the question arises, what happens to the MAC-e PDU in an aborted MAC-e PDU. They could be either discarded or retransmitted in another HARQ process. 

In case of discarding, no big issue arises for the reordering entity. After a while, the PDUs in the reordering queue will be forward to the next entity without the discarded PDU.

In case of retransmission there is no problem if the retransmitted MAC-e PDU is at least as large as the aborted one, because the once used TSN for a reordering flow could be used for the same  data in the MAC-e PDU again. 

A different situation arises, if the scheduled rate only allows smaller MAC-e PDUs and the data, once contained in a single MAC-e PDU are to be split into two or more MAC-e PDUs.

Also here only a problem arises if the largest numbered unit (Reordering flow unit, MAC- d flow unit) has to be split, because now 2 TSNs are needed instead of the one already used in the aborted process.

There are a few possible solutions for this case:

· The case is considered as a rare case and some additional interference is accepted and it is allowed for the UE to transmit those units as a whole, even if the rate is higher than scheduled.

· The case is considered as a rare case and some data loss is accepted, especially because these PDUs belong to lower priority streams and higher layer retransmissions are possible. So the UE is ordered to discard the surplus MAC-d PDUs and shall just transmit what is allowed using the old TSN.

· The case is considered as a rare case and some additional delay is acceptable, especially because these PDUs probably belong to lower priority streams like I/B with low delay requirements. So the UE is ordered to delay the unit until the appropriate rate is allowed again using the old TSN.

· The case is considered as a regular case because of a mixture of high rate high priority and high rate low priority traffic and measures described above are considered inefficient or in acceptable. In this case a fragmentation function e.g. using an additional bit in the normal TSN indicating fragmentation and a multilevel TSN in case of fragmentation could be helpful.

Conclusion

Different solutions for reordering were discussed. 

RLC based reordering is not seen as feasible, because of necessary changes in the RLC and problem with the short sequence numbers for UM.

The MAC-d based reordering is seen to have large signalling overhead for the TSN.

The remaining two methods are based on reordering of larger units either on priority flow or on  MAC-d flow level.

In our view, the MAC-d flow unit based reordering is the more flexible approach versus the priority flow unit based approach:

It provides independent realisation of QoS and physical parameters on HARQ and Iub.

MAC-d flows/sub flows are independent from each other regarding re-ordering. 

It further promises to have lower header complexity, because of the expected consistency of MAC-d flow PDU size.

