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1.  Introduction

At RAN1/2 Rel-6 Ad-hoc meeting in Cannes the reordering principles and the MAC multiplexing for E-DCH was discussed in several papers, e.g. [1,2]. It was agreed that the reordering is done in a separate MAC sub layer in the UE and the SRNC. The reordering is done per reordering queue. It was not decided if the reordering is placed above or below MAC-d. 

In this paper, the differences between providing the reordering below or above MAC-d are discussed. A MAC-e multiplexing proposal and a MAC-e PDU format following the agreements from RAN1/2 Rel-6 Adhoc based on the solution outlined in [1] is also presented. The proposed scheme offers a low complexity MAC-e multiplexing mechanism with minimum overhead. 

2.
Discussion on reordering options

2.1
Reordering overhead

Following the argumentation presented in [1], we assume that an explicit transmission sequence number (TSN) is needed for reordering.

The transmission sequence numbers can be provided either for 

1) each MAC-d PDU (before C/T mux), or 

2) once per each reordering queue per TTI (after C/T mux). 

See [2] for discussion of the benefits and other drawbacks of both solutions. In this section we focus on the extra overhead caused by adding the TSN for each MAC-d PDU. 

Typically several MAC-d PDUs are transmitted per TTI. For example, with 2 Mbps data rate, 10 ms TTI and 320 bit RLC PDU size, up to 62 PDUs can be transmitted per TTI. 

The sequence number space for reordering should be large enough to allow continuous data transmission even if one or several MAC-e PDUs need to be retransmitted several times. The exact number of retransmissions depends on the HARQ operating point and other factors but, for example, the MAC-hs TSN is large enough to allow for at least 5 retransmission attempts with 6 HARQ processes. Assuming that a similar number of retransmission attempts is needed for MAC-e, it is possible to calculate the overhead required by MAC-e TSN. We only allow one half of the sequence number to be outstanding, in order to avoid wrap around ambiguity.

1) If the TSN is provided per MAC-d PDU (before C/T mux), a TSN space of at least 1512 numbers is needed. This would correspond to at least 11 bits per each MAC-d SDU, which is more than 3% of the channel capacity.

2) If only one TSN is provided per reordering queue per TTI, a TSN space of  at least 24 numbers is needed. This would correspond to at least 5 bits per MAC-d flow per TTI. Assuming that there are no more than 4 reordering queues per TTI, this is less than 0.1% of the channel capacity.

The numbers are chosen to illustrate the differences between the two approaches. For other data rates, TTI lengths or PDU sizes the differences may be different. 

Concluding, if the TSN is provided per reordering queue per TTI, less bits are needed for TSN, and fewer TSNs are transmitted per TTI. Thus , it is proposed to adopt a solution in which the TSN is transmitted only once per reordering queue per TTI.

2.2

Handling of multiple reordering queues

Following the decisions at RAN2 #42 the MAC-e demultiplexing shall be performed in the Node B. This allows for support of multiple MAC-d flows over the transport network. However, to be able to support multiple MAC-d flows, reordering also needs to be performed at least per MAC-d flow. It would also be possible to define several reordering queues per MAC-d flow, which would be an alignment with HS-DSCH. Note that a single reordering queue can not be used if several MAC-d flows are used on the transport network since the reordering would not work if not data is transmitted in every TTI for all MAC-d flows which is typically not the case.

If the reordering is based on explicit TSNs and several MAC-d flows are supported it means that either 

· only data from one reordering queue can be transmitted in a TTI, or 

· multiple TSNs are needed in the MAC-e PDU.

It is estimated that the complexity caused by the additional TSNs is less severe than the drawbacks of restricting the transmission to only one reordering queue per TTI.  Consider a situation where data from two reordering queues are available for transmission. If only data from one reordering queue can be transmitted in a TTI, parts of the TTI will be unused (and 2 TTIs are needed to transmit the data) which corresponds to a much larger loss than the worst case of 2.5% overhead for an additional TSN. If the amount of data for the higher priority queue is so large that only data from one queue is transmitted in the TTI, the options are essentially equal.

As an example, consider the case where a single PDU needs to be transmitted on an SRB during ongoing data transmission. If only data from one reordering queue can be transmitted per TTI, the first TTI only carries a single PDU and the remaining of the TTI resource is unused. It is also not feasible to do the reordering in a single reordering queue since the high priority PDU from the SRB will be blocked behind the outstanding (potentially not received) data blocks with lower priority.

For HS-DSCH in downlink it is only possible to transmit data from one reordering queue per TTI. However, for HS-DSCH the situation is different since any unused resources can be used for other UEs through code multiplexing. If the overhead caused by multiple TSNs is considered an issue in a network deployment it is also possible to configure only one MAC-d flow which gives the minimum overhead.

It is proposed to adopt reordering in multiple reordering queues, with the possibility to transmit data from several reordering queues in a TTI.

3.
Priority handling

One issue that should be addressed is the priority handling of logical channels and potential starving of low priority data. Since the TFC selection uses absolute priorities there may be a risk that low priority data is blocked during some time, since the highest priority data will always be transmitted. This can be handled by configuring a limit on how much resources (in terms of data rate or PDUs per TTI) a given logical channel can use in case data from several logical channels is available. This means that a logical channel can use the whole data rate when no other data is available (and is thus more efficient than the Rel-99/4/5 priority handling) but gives UTRAN means to control the starving when simultaneous transmission of several logical channels is desirable. 

It should be noted that the starving problem is much more severe if it is not possible to multiplex data from several MAC-d flows and logical channels in the same TTI. In such situations a single high priority PDU will block all other data from being transmitted and potentially a high priority bearer with a low data rate will use an unacceptable amount of the resources. It is therefore important that the multiplexing scheme allows for simultaneous data from several logical channels from different MAC-d flows and with different priority.

4.  
Proposed E-DCH MAC multiplexing 

The  proposed MAC-e PDU format is shown below. It is assumed that the reordering is based on an explicit transmission sequence number (TSN) in the MAC-e PDU header. 

The MAC-e Multiplexing indicator field (MI) is used to provide the following information. 

· A MAC-d PDU size: Each MI field corresponds to a MAC-d PDU size. It is thus possible to mix MAC-d PDUs of different size in the same TTI. 

· A MAC-d flow. In case several MAC-d flows are desirable e.g. in the transport network, the MAC-d flow can be mapped to the MI field. It is however not needed to signal the MAC-d flow explicitly over the air.

· A reordering queue. In case several reordering queues are configured, the reordering queue id is mapped to the MI field.

This mapping can be provided by RRC signalling when a logical channel is setup. 

Note that if different MAC-d PDU sizes are multiplexed together in a TTI it may not be desirable to configure a transport block size for each combination of MAC-d PDU sizes. If this situation occurs it could be allowed to have padding in the end of the MAC-e PDU to pad up to the nearest transport block size.

In addition to the MI field, a separate field (N) is used, indicating how many PDUs are transmitted per reordering queue.

The MAC-e PDU further contains transmission sequence numbers (TSNs,) for each reordering queue followed by a one bit flag (F) indicating the end of the header. In case data from one reordering queue is transmitted in the TTI, only one TSN is present. 
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Figure 1 Proposed MAC-e PDU format

5.
Properties of the proposed scheme

The proposed MAC format provides an efficient multiplexing with low complexity and low overhead. 

It is possible to multiplex MAC-d PDUs from different logical channels with different PDU size in the same TTI which is desirable to achieve a high resource utilisation.  If one logical channel only has little data available it is desirable that the rest of the resources can be used for data from other logical channels (potentially with a different MAC-d PDU size). This is particularly beneficial for high data rates. It should be noted that it is also possible for one logical channel to be configured with several MAC-d PDU sizes (for UM RLC). This could be the case in e.g. voice over IP applications. This would be supported by allocating one MI value to each PDU size of that logical channel.

Since the receiver can derive the MAC-d PDU size from the MAC-e header, this implies that the TFCI does not need to indicate the size of the individual MAC-d PDUs or the number of MAC-d PDUs. That information can be derived from the MAC-e header and the TFCI only need to indicate the transport block size.

The overhead needed to provide multiplexing is small. When multiplexing is used, the overhead is 4 bit per MAC-d PDU (not counting the TSN) which equals the overhead for MAC-d multiplexing is Rel-99. Note that when a single logical channel is configured on E-DCH (which may be a common case if SRBs are not mapped to E-DCH) no MI field is needed.

6.
Conclusion

A solution for E-DCH MAC multiplexing has been described. It is proposed to adopt a solution for E-DCH that with following properties:

· An explicit TSN is used to provide reordering.

· Transmission from several reordering queues per TTI per UE should be possible.

· TSN is provided per reordering queue per TTI.
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