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1. Introduction

As described in section 7.1.1 of the latest revision of the HSUPA CR to 25.309 [1], multiplexing of MAC-d flows within the same MAC-e PDU is possible. The SRNC controls the allowed combinations which are signalled to the UE in RRC. 

This contribution addresses the need for a mechanism to control the multiplexing of MAC-d PDUs in a flexible and efficient manner. 

2. MAC-d multiplexing

The process of multiplexing MAC-d PDUs into MAC-e PDUs is responsible for ensuring that MAC-d flow priorities are taken into account in an appropriate way. In the simplest case, this multiplexing would simply follow the priorities directly. However, simply following the priorities will not always lead to the optimal filling of the MAC-e PDUs, and it has also been noted that the multiplexing should allow the sending of both high and low priority PDUs to prevent logical channel starvation. However this multiplexing operation has not yet been defined (FFS in TS25.309). 

One possible mechanism for MAC-d multiplexing is to signal from the SRNC all the combinations of MAC‑d flows which are allowed in the MAC-e PDU, and the exact mapping of all possible combinations of MAC-d PDUs onto "optimum" MAC-e PDUs. However, this mapping would be complex, and inflexible.

A more flexible approach is to define a limited set of combinations of MAC-d PDUs and rules for selecting combinations.

Figure 1 shows MAC-d priority-based multiplexing where only high-priority data is multiplexed onto the MAC-e PDU. In this simple scheme if we have continuous high-priority MAC-d PDUs arriving, then the transmissions of simultaneously-arriving lower-priority MAC-d flows will be delayed. In this diagram the combination selection is performed by filling the MAC-e PDU with the highest priority MAC-d PDUs available.
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Figure 1 MAC-d multiplexing

Figure 2 shows how MAC-e PDU combinations could be specified so as to allow specific combinations of MAC-d PDUs to be transmitted. In this scheme combinations of MAC-e PDUs are defined which allow for the multiplexing of lower priority PDUs alongside the higher priority PDUs. The use of these mixed priority PDUs could be signalled to the UE from the RNC. The figure shows one combination where three priority-1 PDUs are combined with one priority-2 PDU.
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Figure 2 MAC-d multiplexing with allowed combinations

Figure 3 shows an extension to previous mechanism in which a smaller number of MAC-e combinations are defined but the instead of explicitly defining the MAC-d priorities to be used in each MAC-e PDU, we define a container (the grey box) in the MAC-e combination which can be flexibly used to contain any priority MAC-d PDU. A second combination selection mechanism is used for the reserved container. This scheme has the advantage of limiting the number of MAC-e combinations to be defined, and being flexible enough to allow priority-selection algorithms to be used to ensure the best mix of traffic having different bit-rate and delay requirements. The normal priority-based multiplexing mechanism is still used for most of the MAC-e PDU (in the pink boxes). 
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Figure 3 MAC-d multiplexing with reserved space for combination 2 selection

The use of the MAC-e combinations with reserved space could be allowed all the time or only when required to by the need to transmit certain combinations of MAC-d PDUs.

When certain combinations of MAC-d flows are required to be transmitted it should be possible to allow a temporary (limited in duration) transmission of the MAC-e combination with the reserved space. The exact proportion of the MAC-e PDU that is reserved could be signalled by RRC signalling. 

The exact mechanism for the priority selection could be signalled by RRC signalling on RAB set‑up, as a set of parameters, defining which MAC-d PDUs can go into the reserved space, and what percentage of time and/or amount of data they may occupy in the MAC-e PDU.

3. Conclusions

Strictly priority-based multiplexing of MAC-d PDUs into the MAC-e PDUs would be too inflexible to satisfy all QoS requirements. 

A simple solution which allows enough flexibility for appropriate handling of priorities, minimum bit-rates and starvation scenarios is to allow different multiplexing rules to be used for different portions of each MAC-e PDU. 

A text proposal to address this “FFS” issue in TS25.309 is given below. 

4. References

[1] Latest revision of 25.309 (REV4) sent to the RAN WG2 email reflector

Text proposal for section 7.1.1 of 3GPP TS 25.309 V6.0.0 REV4

7.1.1
MAC multiplexing

The E-DCH MAC multiplexing has the following characteristics:

· MAC-d multiplexing is supported;

· Multiple MAC-d flows can be configured for one UE;

· 
· 
· The multiplexing of different MAC-d flows within the same MAC-e PDU is supported. But not all the combinations may be allowed for one UE. The allowed combinations are under the control of the SRNC. They are signalled by the SRNC to the UE.
· MAC-e PDUs are constructed from MAC-d PDUs using two multiplexing mechanisms. The first multiplexing mechanism selects MAC-d flows on a priority basis; the second mechanism can provide a minimum bit rate for certain flows irrespective of priority. Allowed combinations of MAC-d flows are defined by controlling the size of the portions of each MAC-e PDU allocated to each of the two multiplexing mechanisms. Further details are FFS.
· There can be up to 8 re-ordering entities and up to 8 MAC-d flows for a UE.
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