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1 Introduction

In order to allow for an efficient uplink scheduling, UE needs to provide eNB scheduler information on its current status, which include for example information on the amount of data in the transmit buffers as well as the type of data, also referred to as Scheduling Information. This contribution discusses the necessary information signalled within the scheduling request in order to enable eNB to perform QoS-aware scheduling and to select a suitable Transport Format for UL transmissions.  

2 General

The design goals of the Scheduling Information (SI) reporting scheme are as follows:

· QoS-aware scheduling: eNB scheduler should be able to take the QoS requirements of each UE and the associated radio bearers into account when sharing resources between UEs.  This requirement is for LTE even more demanding since the rate control concept with PBR/MBR enforcement was introduced.

· Suitable Transport format selection: eNB should have sufficiently precise information of the buffer status in order to be able to select a suitable transport format which considers also the QoS requirements of the radio bearers and the channel conditions of the UE. Furthermore padding should be avoided as much as possible. 

· Low overhead: The overhead of the scheduling information reporting should be kept at an acceptable level.

Although only “per UE” grants are used in LTE to grant the right to transmit on the UL-SCH like in HSUPA, there are differences in the scheduling schemes, which need to be taken into account when deciding the detailed information being reported during the rate request procedure. 
In LTE uplink, only eNB decides the transport format, consisting of the modulation scheme, the exact number of bits to be transmitted and thereby implicitly also the coding rate, for the transmission of an MAC PDU in the uplink. UE has no control on the selection of the used transport format unlike in HSUPA, where UE is allowed to choose a transport format within a Node B controlled set of transport formats. Furthermore contrary to the absolute priority rule in UMTS a more advanced logical channel prioritization concept was adopted for LTE with the goal to avoid starvation of low priority flows as much as possible. Hereby a prioritized bit rate (PBR) and maximum bit rate (MBR) configured per radio bearer is considered when sharing the scheduled UL resources between the radio bearers.  
In the following the detailed information being reported within the scheduling information is discussed.
2.1 Discussion

One of the goals of the scheduling information reporting is to enable eNB to perform QoS-aware packet scheduling for uplink transmissions. When sharing resources among UEs and between radio bearers of one UE, eNB scheduler needs to consider QoS parameters like configured PBR/MBR, logical channel priority and the QCI/lable characteristics signalled over S1 interface. Since these QoS parameters are radio bearer specific [2], also the scheduling information should provide an identification of the radio bearer respectively logical channel for which buffer status information is signalled, i.e. including the asscociated logical channel ID for a buffer status report like in HSUPA. In our view defining a reporting per radio bearer group as proposed in [1] doesn’t provide sufficient information to the eNB, unless all the QoS parameters are the same for radio bearers belonging to one radio bearer group, which seems to be very restrictive. 
Reporting the buffer status for each non-empty logical channel together with the logical channel ID might cause a significant overhead. Therefore in HSUPA only the buffer status of the highest priority logical channel and the total amount of data across all logical channel channels is reported within the SI. This provides sufficient information to the serving cell scheduler in order to allow for an efficient scheduling of uplink traffic. The SI requires in total only 18bits, which is an acceptable overhead. Considering the differences between HSUPA and LTE Uplink, it will be investigated in the following whether the same buffer occupancy information can be reused for LTE while still providing sufficient information to the scheduler in eNB.
As already mentioned before in LTE a new logical channel prioritization procedure was adopted which should avoid starvation. Resources are shared between radio bearers in a two-step procedure. In the first step the UE serves its radio bearers in decreasing priority order up to their configured PBR. The concept of PBR is to support for each bearer, including low priority non-GBR bearers, a minimum bit rate in order to avoid a potential starvation. Remaining resources are then shared between the radio bearers in decreasing priority order under consideration of the MBR restricition. A simple framework for defining the UL logical channel prioritization procedure and an appropriate averaging window for PBR and MBR is to utilize a token bucket mechanism, which is well known in the IP world. 
The figure below illustrates UE token bucket implementation for two GBR beareres, each having a PBR and MBR configured.  Consequently two token buckets needs to be implemented for each bearer, one for PBR and one for MBR enforcement. 
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Figure 1: Token bucket implementation at the UE
In the first step of the logical channel prioritization procedure, the UE is allowed to transmit data of a bearer up to the amount represented by the number of tokens in the PBR bucket. In the second step UE consumes correspondingly tokens from the MBR bucket. When now reporting the buffer status of the highest prirority radio bearer within the scheduling information the computation should also account for the PBR and MBR restrictions, i.e. consider the corresponding bucket status. Assuming that radio bearer 1 in above figure is the highest priority bearer, eNB needs to also account for the PBR bucket status of radio bearer 2 in case it wants to schedule data of radio bearer 1up to the configured MBR. Therefore the buffer status report for radio bearer 1 should also consider the PBR bucket status of radio bearer 2. Essentially the reported buffer status of the highest priority bearer is computed as the total amount of data available across all logical channels limited by their PBR bucket status and the MBR bucket status for the highest priority bearer. By considering also the PBR restricitions of the other radio bearers, i.e. PBR bucket status, and MBR restriciton of the highest priority bearer in the computation of the highest priority buffer status, the eNB is already provided a good picture of the mobile’s current buffer situation status. Similiarly the total buffer status, i.e. total amount of data across all logical channel channels, should also be computed taking into account the restrictions giving by PBR and MBR. In our view information on the buffer status of the highest priority radio bearer and the total buffer status enable eNB scheduler to perfrom an efficient and QoS-aware packet scheduling. It should be noted that in case PBR is set to zero for all radio bearers and MBR is not configured, i.e. strict priority scheduling is done, the computation of the buffer status fields is the same as in HSUPA.  
Given the above considerations we propose that the buffer information in the Scheduling Information consists of highest priority logical channel ID, Highest priority Logical channel Buffer Status and Total Buffer Status. The computation of the buffer information fields should consider the restricitions imposed by PBR and MBR. Even though the size of the buffer status fields is FFS, the granularity of those fields should be sufficiently high in order to provide eNB precise enough information for the appropriate selection of a transport format, i.e. padding should be avoided as much as possible. Furthermore it should be considered that the higher peak data rates for LTE Uplink might require bigger field sizes compared to HSUPA. 
The scheduling information will be reported by means of MAC control signalling, i.e. specific type of MAC control PDU. The proposed format for the Buffer information has the nice property that it is of fixed length, which avoids the need for a length Field indicating the length of the MAC Control PDU conveying the Scheduling Information. 

Proposal 1: The buffer information in the Scheduling Information consists of three fields: highest priority logical channel ID, Highest priority Logical channel Buffer Status and Total Buffer Status. 

Proposal 2:The computation of the buffer status fields should consider the restricitions imposed by PBR and MBR configurations.
In LTE there are two options for the allocation of resources, i.e. resource allocations by dynamic grants and persistent resource allocations. Persistently allocated resources are similar to the concept of non-scheduled grants in HSUPA. When computing the buffer status information in HSUPA radio bearers, which are configured with a non-scheduled grant, are not considered. Even though in LTE the scheduler uses the buffer information for dynamic allocation of uplink resources, there might be also situations where the buffer status of a radio bearer, which is allocated resources persistently, is useful, i.e. for the detection of the transition from silent period to talk-spurt for VoIP services. Therefore it should be discussed whether the computation of buffer information should also consider radio bearers, which are allocated resources persistently. One possible solution would be that the network configures whether a radio bearer should be considered for the computation of the buffer reports like in HSUPA.       

Proposal 3: RAN2 should discuss whether the computation of buffer information considers also radio bearers, which are allocated resources persistently.

In order to select a suitable transport format for a certain resource allocation the eNB should be able to estimate the UL channel gain. This could be achieved by either reporting the transmit power or some power headroom information, similar to the power headroom reporting in HSUPA. According to recent agreements in RAN1 on UL power control, the UE transmit power for a given transport format is calculated according to a formula considering the UE measured DL pathloss and some parameters signalled by eNB [4]. Therefore eNB could also derive the UE power headroom from reported pathloss. Since exact defintion of power headroom information is RAN1 issue, RAN2 should wait before deciding where this information is signalled, e.g. together with buffer information within SI or in separate MAC control PDU.     

3 Conclusion 

This contribution discusses Scheduling Information reporting for LTE. It’s proposed that RAN2 agrees on above made proposals. A text proposal for TS36.300 is provided in the annex.
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5 Annex

11.3
Measurements to Support Scheduler Operation

Measurement reports are required to enable the scheduler to operate in both uplink and downlink. These include transport volume and measurements of a UEs radio environment. The time and frequency granularity of the UE radio environment measurement reports is FFS.

Uplink buffer status reports are needed to provide support for QoS-aware packet scheduling. Uplink buffer status reports refer to the data that is buffered in the logical channel queues in the UE MAC. The uplink packet scheduler in the eNB is located at MAC level. Uplink buffer status reports are transmitted using MAC signalling (e.g. as a specific type of MAC control PDU) as part of the Scheduling Information. The UE includes the following fields in the Scheduling Information
· Logical channel ID of the highest priority logical channel with data in the queue. The logical channel ID field identifies unambigiouly the highest priority logical channel with available data and QoS information related to this indicated logical channel; 
· Buffer information

· Buffer status of the highest priority logical channel as identified by the Logical channel ID field.
· Total buffer status, which denotes the total amount of data available in the queues across all logical channels
The UE shall consider the restricitions imposed by PBR and MBR when computing the buffer information. The size of the fields is FFS. 
The buffer reporting scheme used in uplink should be flexible in order to support different types of data services. The buffer reporting criteria are setup and reconfigured on a per user basis or per radio bearer basis (FFS) using RRC or MAC signalling (FFS). The use of System Information should also be considered for the initial setup of default buffer reporting criteria (on a per cell basis). Constraints on how often uplink buffer reports are signalled from the UEs can be specified by the network to limit the overhead from sending the reports in the uplink.

It is FFS whether additional measurement information is required to support the classification of UEs between localised and distributed resource allocation.

It is FFS whether additional measurement information is required to support cell center / cell-edge resource subdivision.
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