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1. Introduction
Access to most of the channel resources in the uplink (from UE to eNB) in LTE is controlled by the eNB. However, in order to provide access to different mobiles according to their requirements and have better statistical multiplexing in the uplink, the eNB needs to know how much resources should be allocated to each mobile. Bandwidth requirements are dynamic, and hence the varying requirements need to be communicated to the base station in an efficient manner. Most uplink bandwidth request schemes use a single method for dynamic bandwidth request in which the amount of data to be transferred is reported to the base station. For different types of traffic, different methods of requesting changes in uplink allocations are useful. Even for a single traffic flow, multiple methods of dynamic uplink resource change requests may be efficient. This document proposes such methods for different types of traffic. The proposed methods may be used in RACH or piggybacked in the UL allocations.
2. Different types of traffic and motivation for change requests
Uplink bandwidth requests are generally made in terms of the exact amount of data that is backlogged at a station (bulk request approach) [1] [2]. For periodic deterministic traffic, since the pattern of the traffic arrival is pre-known, the bandwidth request process can simply use an initial setup procedure, and then the eNB can allocate bandwidth using the pre-known pattern (pre-setup approach). There is another pattern of traffic that is very common - in which the traffic pattern is not deterministic, but the changes in the arrival rates/patterns follow a limited number of choices. That is, the step changes that may happen in the arrival pattern are finite (or may be considered finite in practical terms) in number and pre-known, but the times at which they occur and the exact step that may occur are not deterministic. Most variable rate QoS flows such as compressed video and voice fall in this category. An obvious yet simple example is a silence suppressed voice over IP phone call where the step change is the actual rate of the codec, and the change of “on-off” occurs at random times.  For such traffic, a different method of reporting changes in bandwidth requirement is quite efficient. Such a method is a hybrid of the pre-setup approach and the real time indication approach. This method actually specifies the ‘change’ in traffic pattern that should be executed on the current allocation for the UE. The ‘change’ may be efficiently specified in short codes, the mapping of which to the ‘changes’ would be communicated by the UE to eNB or be well known. We recommend that all three methods be used for uplink bandwidth requests/indication as appropriate and efficient.
3. Multiple methods of uplink bandwidth requirement reporting

The methods and their use cases are outlined below.

1. Bulk data request pattern: For traffic flows in which there is a specific amount of bulk data that needs to transmitted and no real delay constraints are there for QoS, the bandwidth requested may be in terms of the actual amount of data that needs to be transmitted or the actual buffer size (for the particular flow or the aggregate) at the station. For example, the bandwidth request may specify 1234 bytes of buffer size. This type of signalling is performed as the flow progresses and not at setup. On such a request, the eNB allocates resources without any delay constraints, as they become available. 

2. Deterministic traffic arrival pattern: For flows with completely deterministic traffic arrival pattern over a sustained time period, the uplink bandwidth request may be in terms of an initial setup that tells the eNB the exact pre-known pattern in which to allocate uplink transmission resources for the UE. For example, the bandwidth request may specify in the initial setup that the flow needs to transmit 120 bytes of data every 10 milliseconds for a constant bit rate of 96kbps. This type of signalling is performed only during the setup or teardown of a flow and not during the flow. The eNB may perform admission control on such flow requests. Once accepted, the eNB allocates resources in the pattern requested at the setup without any further requests until the flow is torn down. 

3. Variable bit rate pattern: For traffic flows where the arrival pattern is variable such that over certain periods of time, the arrival pattern stays constant, but it changes over longer periods of time, the uplink bandwidth requests may be specified in terms of the step changes in the traffic arrival pattern indicated to the eNB. For example the uplink bandwidth request/indication may specify the increase or decrease in data rate of allocations. A UE may request to reduce the current rate of allocations to zero or increase the allocation rate to a pre-set data rate. These step changes may be specified in terms of short codes, the meaning of which may be communicated to the eNB when the setup occurs for a flow or is well known. The change requested may be indicated in terms of changing the data rate either in terms of 
a. Changing the periodicity of allocations keeping the amount of individual allocation constant; or
b. Changing the amount in each allocation keeping the periodicity constant
Additionally for any specific traffic flow, a combination of these request/indications methods may be used. As an example, consider a variable bit rate video conferencing flow.  The request/indication method for this flow may follow these following steps:

1. A constant bit rate base bandwidth is requested in the pre-setup phase. This sets up the headend/base-station to periodically allocate transmission resources for the flow without any further requests for this base allocation.

2. A number of step changes in the data rate of allocation are also identified with certain codes in the pre-setup phase. These step changes in data rate may be made by changing the frequency or the amount of each allocation. And that may be identified appropriately in the setup phase too.

3. As the flow progresses, the changes in bandwidth requested may be indicated in one of the following two ways. 

a. The actual amount of extra data that needs to be transmitted may be indicated.

b. The requested change in the data rate (in terms of either frequency or amount of each allocation) may be indicated.
When the change in rate is expected to last for a certain period, method ‘b’ might be efficient, while if the increased data is very temporary, method ‘a’ might be efficient. Note that the above change requests are made in terms of identifying whether it is method ‘a’ or ‘b’, and then specifying the actual change.
4. Bandwidth efficiency and latency benefits

Changes in sustained allocations for variable bit rate QoS flows may be specified in specific control/management messages. This signaling and handshake will use more bandwidth than the above process that uses pre-defined interpretations of change requests in a small number of bits. Frequent change requests can be useful for the eNB to efficiently statistically multiplex multiple variable bit rate flows. However, change requests use up bandwidth. The proposed approach helps in reducing the overhead of change requests, and thus aids in having efficient and dynamic uplink allocation change requests. 

Latency benefits are achieved in the proposed approach because of pre-set meanings of the change/resource requests. Since the eNB is aware of the various possible changes, it can be prepared to quickly change allocations in its scheduling.   
5. Summary and conclusion
Our proposal allows for multiple different methods to dynamically request changes in the allocated uplink transmission resources. For best effort bulk type of traffic, the bandwidth request is specified in terms of the amount of data that needs to be transmitted or buffer occupancy status. For sustained QoS traffic with pre-known arrival pattern, the arrival pattern is communicated once to the eNB so it can allocate resources according to it. For QoS traffic where the possible changes in traffic arrival rate may be pre-known, the uplink resource change request is specified in terms of a code that identifies the amount of change that is requested in the “data rate” of allocations in the uplink. A combination of these methods is proposed for requesting resource allocation changes in the uplink. 
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