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1 Introduction

Different prioritisation schemes/levels in E-DCH scheduling decisions in Node B after received rate requests were discussed in [1]. In that discussion four different possibilities for Node B scheduling were introduced: 1) No differentiation between rate request at all, 2) UE specific differentiation, 3) MAC-d flow specific differentiation, and 4) Priority based differentiation (even inside MAC-d flow). It was argued that prioritisation solution should be either 3) or 4) depending on final multiplexing options and Node B MAC-e de-multiplexing solution. In this contribution, we present high-level solution, which is relying on UE’s TF selection, and MAC-e de-multiplexing functionality in Node B and is suitable for 3) or 4).

2 Discussion

As currently specified in TS25.309, the data carried on different radio bearers with different priorities are multiplexed into the same E-DCH channel in the UE at the MAC-e layer, (MAC-d multiplexing of RB having different priorities to same MAC-d flow is the other possibility). When the mobile terminal has sufficient amount of data to be transmitted with current maximum allowed bit rate in it’s buffer, the UE shall request higher bit rate with rate request signalling from the Node B.

The Node B receives rate requests from different UEs having RB allocated with different priorities. In case, that the resources available over the air interface are scarce, the Node B should allocate the capacity to those UEs, which have data of highest priority RB data to transmit. 

2.1 Uplink Rate request and detecting relative priority

At the UE both MAC-d and MAC-e prioritises the transmission of higher priority data, and thus when insufficient transmission resources are available i.e. UE TX power or maximum E-DCH TF, the UE will maximise the bit rate of the highest priority RB. When there is TX power available and enough data in UE’s RLC buffers to exceed the threshold for current maximum TF the UE will send the rate request to Node B together with actual data transmission.

When the Node B receives the actual data transmission and the rate request as presented Figure 1, it de-multiplexes the MAC-e flow. Therefore, if Node B is made aware of different priorities in Radio link setup procedure, the priority (MAC-d flow level or priority queue, tbd) of the data received from the UE is known in the Node B. As the priority is known in Node B due to de-multiplexing function the relevant priority does not have to be included in MAC-e PDUs.  In case that available resources over the air interface are limited and rate requests are received from several UEs, the Node B grants a higher TF to the UE that transmit the highest priority data, i.e. the UE 1 in Figure 1. 

As the UE’s prioritisation function in MAC-d/e is known, the Node B knows that:

· A rate request cannot be for any higher priority RB that was not transmitted when the rate request was received. 

· If inside a MAC-e PDU there is data from different priorities, the rate request cannot be for the highest priority RB(s) transmitted in this MAC-e PDU. Indeed there cannot be any data left in RLC buffers for this or these highest priority RB(s). If it were the case, the lowest priority data would not be included in that MAC-e PDU. Thus when there is data from different priorities in a MAC-e PDU, the rate request is for lowest priority RB always, or for RB(s) which where not transmitted in the MAC-e PDU. 

However, if only one bit rate request are used by UEs having multiple RBs, the Node B cannot differentiate if the rate request is transmitted for the lowest priority RB transmitted in the same TTI as the rate request, or for a lower priority RB that is not transmitted. The Figure 1 present the case when scheduling decision is performed correctly/optimally and Figure 2 presents the case where the scheduling decision is incorrect/un-optimal, as the available capacity should have been allocated to UE2:  the 1 bit rate request does not allow the Node B to know that UE1 actually requests a higher TF for Prio=6 and not for Prio=1. 

In Figure 1 and Figure 2 the abbreviation “Prio” refers to the relative priority of MAC-e PDUs, with box refers to one MAC-e PDU transmitted in one TTI and light blue tube the total E-DCH capacity. Timing relation of rate request signalling and scheduling decision is not subject of this contribution, figures however present scheduling period of app. one TTI.
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Figure 1: Correct Node B scheduling decision
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Figure 2: Incorrect Node B scheduling decision

2.2. Setting rate request bits in UE

The rate request should be defined in such a way that the problem explained above and illustrated in Figure 2 can be avoided, at least in majority of cases. Keeping in mind that the UE must prioritise higher priority data always and that the Node B knows the priority of transmitted data when rate request is received, the setting of rate request can be defined in the following manner:

1) Keep the current TF (default value send when no change is needed)

2) Higher TF requested for the lowest priority RB/MAC-d flow included in the MAC-e PDU transmitted in same TTI as the rate request.

3) Higher TF requested for RB(s) /MAC-d flow(s), which was(were) not included in the MAC-e PDU transmitted in same TTI as the rate request.

Thus, for the rate request indicators, two bits are needed to indicate these three different bit combinations in the physical channel. Currently in this contribution the fourth bit combination can be considered as FFS.

This solution works optimally, when data is transmitted together with rate request, as priority of transmitted data can be detected in Node B. When data is not transmitted at all (current max TF is zero) the UE can only set the bit combination: “2) Higher TF requested for the lowest priority RB/MAC-d flow included in MAC-e PDU transmitted in same TTI as the rate request.” Thus, all RBs allocated for the UE are in this situation prioritised as to same relative level according the highest RB of the UE. However, if TF selection of E-DCH is specified in such a way that UE may always send with some minimum bit rate without any rate request (autonomous transmission or minimum set), the rate request without data transmission will not occur at all. 

The other case when the proposed solution does not work in a totally optimum way is when UE has at least three RBs with different priorities allocated and more than one RBs with different priorities are inactive in data transmission when rate request is transmitted, and “3) Higher TF requested for RB(s) /MAC-d flow(s), which was(were) not included in the MAC-e PDU transmitted in same TTI as the rate request” is received from the UE. This is due to fact that the Node B cannot distinguish which inactive RB has the data and will transmit after scheduling decision.  However, it could be considered that this occurs quite seldom and Node B can detect the priority of transmitted data in the next TTI after scheduling decision and has all means to reduce the allocated bit rate back to the original if necessary.  Naturally the fourth bit combination could be also used.

3 Conclusions

It is proposed that 

· Relative priority of different MAC-d flows/priority flows is given to Node B in NBAP signalling (Radio Link Setup, Radio Link Reconfiguration procedures etc.) 

· The rate request mechanism utilises the prioritisation of higher priority data in MAC-d/MAC-e transmission in the UE.

· Node B may detect and utilise that priority of transmitted data when rate request is received. Naturally, when network has no resource limitations the grant request can be assigned immediately without priority detection and prioritisation in Node B. 

· Setting of rate request bits in physical layer is defined as above. Thus two bit solution is considered to be enough. 
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