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1. Introduction

MAC-d flows / logical channels using non-scheduled transmission may be defined by the SRNC and provided in the UE and in the Node B [1], for example to support delay-sensitive guaranteed bit rate services or SRBs. The UE can transmit data belonging to such flows without first receiving any scheduling grant. 

It is important to consider how scheduled data should be multiplexed in the case of two flows (one non-scheduled and one scheduled) being transmitted at the same time.

2. Transmission of Non-scheduled flows

2.1 Requirements

We propose that an important requirement should be that:

When data is transmitted in response to a scheduling grant, the non-scheduled flows (which may include SRBs) must be able to be transmitted with at least as good a QoS as when no scheduled data is being transmitted.  

In other words, the delay for transmission of the non-scheduled flows must not be increased by the occurrence of a scheduling grant.

The MAC-d multiplexing must ensure that this requirement is met. We need to consider whether scheduling based on priorities alone can guarantee the support of the required QoS for the non-scheduled flows. Scheduling purely on priorities could cause the strange result that any lower-priority non-scheduled MAC-d flows could end up with a lower QoS than they would have had if the UE had no scheduling grant. 

A second important requirement is that:

Non-scheduled flows should not be able to monopolise the transmission power allowed by scheduled grants. 
In other words, non-scheduled flows should not be allowed to starve scheduled flows when there is a scheduled grant. 

We now consider how the above two requirements could be satisfied.

2.2 Priority-based scheduling with priority of non-scheduled flows always higher than priority of scheduled flows

One possible way to meet the first of the above requirements is to make all non-scheduled MAC-d flows higher priority than all the others (scheduled flows). Then the non-scheduled flows would always be multiplexed into the MAC-e PDU first, and the scheduled flows would occupy any remaining space. 

In some situations, it may be satisfactory to rely solely on priorities in this way. If this solution is adopted for all situations, it would need to be specified that non-scheduled flows must never have a lower priority than other flows (otherwise the proposed first requirement in section 2.1 would not always be satisfied).

2.3 Limiting the amount of data from non-scheduled MAC-d flows

To meet the second of the above requirements, it is necessary to ensure that data from scheduled MAC-d flows can be transmitted when the UE has a scheduling grant.  One way to achieve this is to limit the amount of data that can be transmitted from non-scheduled flows during the scheduling grant. 

The limit could for example be set at the same level as is allowed when the UE has no scheduling grant.  As discussed in [3], the limit could be a total for all non-scheduled flows, and/or an individual limit for each non-scheduled flow (this detail will not be discussed further in this document). 

However, this raises the question of how non-scheduled flows could use the capacity provided by a scheduling grant in cases when the non-scheduled flows had more data to transmit than was allowed by the non-scheduled maximum rate, while the scheduled flows did not have enough data to use all the capacity provided by the scheduling grant. 

Suppose a scheduling grant is received allowing up to a total of P bits to be transmitted in a MAC-e PDU.

Also suppose that there are n non-scheduled flows, which are granted to transmit up to Q1, Q2, … , Qn bits respectively in a MAC-e PDU.

First, bits are multiplexed from the non-scheduled flows, up to Q1, Q2, … , Qn if each flow has this much data available in the buffer.

Then remaining bits from both non-scheduled and scheduled flows are multiplexed in order of priority, up to a maximum of z, where z = Min(P, R) where R defines the total number of bits which can be transmitted under any maximum power limit or UE capability restriction.
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Figure 1  Data multiplexed into a MAC-e PDU

Figure 1 illustrates the principle of the ceiling for non-scheduled transmissions.

2.4 Handling of non-scheduled and scheduled flows with equal priorities

It is also necessary to have a defined method for multiplexing non-scheduled and scheduled flows which happen to have been assigned the same priority. 

We propose that the non-scheduled flow should always take priority in this case, regardless of the amount of data queued in the buffer for each flow.

3. Conclusions

We have seen that two important requirements are:

1. When there is a scheduling grant, the non-scheduled flows must be able to be transmitted with at least as good a QoS as when no scheduled data is being transmitted, and

2. Non-scheduled flows should not be able to monopolise the transmission power allowed by scheduled grants. 

The method described above for handling non-scheduled transmissions in conjunction with scheduled transmissions satisfies both the identified requirements, by:

i) ensuring that at least the same amount of non-scheduled data can be transmitted as when there is no scheduling grant, and

ii) allowing the scheduled grant to be used by non-scheduled or scheduled flows in order of priority. 

This mechanism is also suitable for prioritising flows in situations when the UE reaches its maximum transmit power or its maximum rate capability. 

We also propose that in cases when a non-scheduled flow and a scheduled flow are assigned equal priorities, the non-scheduled flow should always take priority. 

A text proposal to address this issue in TS25.309 is shown below. 
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� Note that it has not yet been defined whether a scheduling grant can be smaller or must always be at least as large as what can be transmitted in the non-scheduled transmissions. Another contribution [2] discusses this situation and the possible options in this case.
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QoS control


10.1
General Principle


The QoS of ongoing flows mapped on E-DCH for a UE is maintained by the serving Node B and by the UE. The Node B controls the resources allocated to a UE versus other UEs by means of scheduling as specified in clause 9. The UE controls the QoS of all its logical channels mapped on E-DCH by means of E-TFC selection as specified in subclause 10.2, and by HARQ operation, specified in clause 8.


In addition to these mechanisms, guaranteed bit rate services for MAC-d flows / logical channels (FFS) are also supported through non-scheduled transmission. A flow using non-scheduled transmission is defined by the SRNC and provided in the UE and in the Node B. The UE can transmit data belonging to such a flow without first receiving any scheduling grant, up to a permitted maximum. 

When a UE has a valid scheduling grant, non-scheduled flows are multiplexed first into a given MAC‑e PDU, up to the amount of non-scheduled data permitted when the UE has no scheduling grant. Then remaining space in the MAC‑e PDU is used to multiplex both scheduled and  non-scheduled flows in accordance with their respective priorities.

In cases when a non-scheduled flow and a scheduled flow are assigned equal priorities, the non-scheduled flow always takes priority 


In all cases, the UE does not multiplex more data into a MAC-e PDU than is permitted by the UE’s maximum power or maximum rate capability. 



