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1. Introduction

E-MAC scheduler would be responsible for resource allocation and scheduling, in the E-UTRA, both in uplink and downlink. Two aspects that needs to be considered are
· Control Signalling over head needed to signal the users when they are to be served

· Scheduler complexity to generate the scheduling information every sub frame (0.5ms)

In this contribution we discuss the pros and cons of two different resource allocation and scheduling mechanism, considering the above mentioned aspects and propose the suitability of the two methods for handling different types of services with diverse QoS requirements.

2. Channel Allocation/Scheduling Modes

Two channel allocation modes that can be used for the E-MAC Scheduler are

· Dynamic Allocation/Scheduling

· Fixed Allocation/Scheduling
2.1. Dynamic Scheduling/Allocation 
E-MAC scheduler will have to allocate resources in the uplink and in down link dynamically for each user using channel dependent scheduling in time and frequency domain. These results from resource allocation algorithm will have to be made available in the first slot of every sub frame (0.5 ms) for the UE to extract the information about the allocated resources to transmit/receive on these slots as shown in Fig 1. Although downlink pattern is depicted, the principle of dynamic scheduling is equally applicable for both uplink and downlink.
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Fig 1 Principle of Dynamic resource Allocation/Scheduling 
If we consider a system with K users and N subcarriers. Each user must transmit at least Rkmin bits per unit time. Let Hk(n)be the channel gain, pk(n)the transmission power, and rk(n)the transmission rate for user k on subcarrier n. The quantities are related by a function f(rk(n)) = pk(n)/ (Hk(n))2  . The rate-power function depends on the minimum bit-error rate that can be tolerated and the available coding and modulation schemes. 

     N

Rk  = ∑ rk(n) is the total transmission rate for user k. 

            n=1
Each user requires minimum transmission rate Rkmin. If we aim to find a sub carrier allocation which allows each user to satisfy its rate requirements while using minimum power then we need to solve the equation
             N        K
Min  ∑   ∑      pk(n)






(1)

             n=1   k=1
                 N
subject to ∑ rk(n) ≥ Rkmin 
                n=1   

Ideally solution to equation 1 would require linear programming techniques to solve the problem, but in actual practice approximate methods are used. E-MAC scheduler will transmit the results of scheduling/resource allocation information for uplink/downlink transmission every sub frame as a frame map.
2.2. Fixed Resource Allocations 
In fixed resource allocation scheme, the E-MAC scheduler will assign fixed resources to a connection during setup proportional to their rate requirements as depicted in Figure 2.  This assignment is kept for the whole duration and of communication.  Thus with this approach the resource assignment is done ignoring the channel information and by simply dividing the carrier, in time and in frequency among users based on their rate requirement.

A fixed allocation enables a given UE to be signalled predetermined block occurrences on which it is allowed to transmit/receive. E- MAC scheduler assigns to each mobile a fixed amount of resources in terms of frequency and time slots and signals these using bit maps to the UE during the setup phase and this pattern gets repeated in time. Although downlink pattern is depicted, the principle of fixed scheduling is equally applicable for both uplink and downlink.
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Fig 2 Principle of Fixed resource Allocation/Scheduling 

3. Discussion on Pros and Cons 

The problem posed by (1) is computationally intractable, and as described above, a direct approach to solving it does not yield a good algorithm. Even the computationally inexpensive methods claimed to be used in [1] attempt to find an approximate solution in real time would require a complex algorithms and the stability of such a algorithm for an E-MAC scheduler serving both real time and non-real time services with diverse QoS requirements may be questionable as the number of users within a cell increases.

Furthermore, for large amounts of data that is scheduled using dynamic scheduling, the control signalling overhead is acceptable. However, for services where a constant bit rate is to be maintained through transmissions of small packets at regular intervals, e.g., VoIP, the overhead may not be acceptable considering the large number of users that may be served because of the smaller voice packet sizes.

In contrast, with fixed scheduling, since the transmission instants are known to both the UE and the network from the scheduling pattern, there is no need for control signalling for resource allocation. However, the possibility for channel-dependent scheduling and rate adaptation is lost with fixed scheduling. Hence, fixed scheduling is more suited for real-time application (especially VoIP) which requires a constant bit rate to be maintained during the connection and can allow some packet losses; therefore, varying channel conditions will not greatly affect the service. But in terms of control signalling overhead, there may be an overall system gain for VoIP services due to the reduced overhead.

Improvements with fixed allocations can be achieved by sub carrier allocations that are interleaved to improve frequency diversity and with the use of MIMO techniques.  
To Summarise

1. Dynamic Allocation/scheduling for both real time and non real time services would require very high amount of computational effort in the scheduler.
2. With dynamic scheduling, as the number of users increases, control channel signalling required to assign and distribute resources for these users also increases significantly. For non real time services where large amounts of data that is scheduled using dynamic scheduling, the control signalling overhead is acceptable. However for services where a constant bit rate is to be maintained through transmissions of small packets at regular intervals, e.g., VoIP, the overhead may be significantly large.
3. With fixed allocations/scheduling, it is possible to minimise the control channel signalling for constant bit rate services such as VoIP requiring small packet transmissions at regular intervals. 
4. Improvements with fixed allocations can be achieved by sub carrier allocations that are interleaved to improve frequency diversity and through MIMO techniques. 
4. Proposed Alternatives

Considering the pros and cons it can be concluded that, fixed resource allocation/scheduling strategy is more suited for resource allocation for real-time services especially VoIP while the dynamic scheduling would be appropriate for non real time application. The scheduler should be capable allocating resources appropriately for delay sensitive and non-delay sensitive with traffic with minimal control signalling overhead. Hence the E-MAC scheduler would in general use both the fixed and dynamic resource allocation/scheduling depending upon the QoS requirements of the services. The advantages of using such a strategy are
i. With fixed allocation used for the real time VoIP services, signalling over head for conveying scheduling information to the UE can be considerably reduced or completely eliminated.

ii. It will greatly reduce the computational burden on the scheduler. The scheduler will then have to perform dynamic scheduling only for the non real-time users and allocate resources considering channel information and QoS requirement. Minimum bit rate constraint in (1) can be removed leading to a simpler solution.

iii. Resource just enough to support the guaranteed bit rate for real time VoIP users are allocated, while remaining resources are scheduled for the non real-time services to increase the over all through put within the cell.

5. Conclusion

It is proposed to include both fixed and dynamic resource allocation strategies as the two possible resource allocation/Scheduling options in TR 25.813 as described in the text proposal below. 
6. Text Proposal

E-MAC scheduler would be responsible for resource allocation and scheduling, in the E-UTRA, both in uplink and downlink. Two aspects that needs to be considered are

· Control Signalling over head needed to signal the users when they are to be served

· Scheduler complexity to generate the scheduling information every sub frame (0.5ms)

Considering these aspects, resource allocation/scheduling modes that should be considered for the E-MAC Scheduler are

· Dynamic Allocation/Scheduling (suited for  non-real-time services)
· Fixed Allocation/Scheduling (suited for VoIP services)
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