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Discussion
1 Introduction 
In uplink, the UE will have to indicate to the eNB its Buffer Status and a couple of other parameters on a regular basis, depending on the type of service, in order for the eNB to be able to take decisions regarding the scheduling of each UE. All this set of information (Buffer Status + others) is classically called “Scheduling Information” (SI). 
In this document, we review what the SI in HSUPA system consist of, and given the specificities of the LTE system, we discuss what parameter would still be relevant and what new parameter should be introduced in the SI.  
2 Generalities
It as previously been agreed that the grant given by the eNB to the UE is a per-UE grant and not a per-bearer grant. This is the same approach as in HSUPA. But the general understanding is also that the HSUPA system probably fails to correctly handle the different QoS levels that may be multiplexed with the UE, namely the starvation avoidance of some bearers is not guaranteed. In order to cope with that, new priority handling rules have been defined for a UE in LTE (based on the concept of Prioritized Bit Rate). Based on this new dichotomy introduced in the UE, it is felt that if we still want to enable the eNB to perform an efficient QoS signalling (bearing in mind that a per-UE grant is a restriction in this respect), then we probably have to carefully consider than an enriched SI will have to be sent by the UE. 
Generally speaking, both SI’s content and reporting scheme (periodic, event triggered,…) must be designed in order to fulfil the following competing criteria: 

1) Fine QoS-aware scheduling

The SI should make the eNB as much as possible aware of the diversity of the data to be sent with their respective priorities. This requirement is made even more demanding in LTE since we have defined concepts such as PBR, MRB, etc. 

2) Fast QoS-aware scheduling 

The SI should enable the eNB to perform a sufficiently reactive and fast QoS-aware scheduling. This requirement is made even more demanding in LTE since the sub-frame duration has been reduced to 1ms. 

3) Low overhead

Criteria 1) and 2) above should be fulfilled while keeping the UL overhead due to the SI reporting at an acceptable level. 

In this document we focus more on the content than on the reporting scheme (periodic, event triggered,…) but it has to be mentioned that to some extent both are actually linked. 
2.1 Content of the SI

We examine one by one the parameters the current SI (in HSUPA) consists of, and we consider whether those parameters should be kept, modified (e.g. different way to report the buffer status), and based on this discussion we also consider the need to introduce new parameters. 
· Buffer Status

In HSUPA, the Buffer Status is reported in the SI. 
For LTE, previous contributions (e.g. [2], [3]) already mentioned the benefits of making the eNB aware of the buffer status of the UE versus the option where the eNB scheduler operates without buffer knowledge (only based on past observations of the level of utilization of the allocated radio resources). 
Conclusion 1: Buffer Status reporting should obviously be included in the SI. 

In HSUPA, the Buffer Status consists of the sum of the buffers of all logical channels, associated to the proportion of what the highest priority LCH takes in this total buffer. This is a way to reduce the overhead of the reporting. Here there is a kind of “virtual” grouping between the bearers for the purpose of reporting, so that the bearer with the highest priority is in one group whereas all the other ones are in the other group. 

For LTE, a grouping scheme could also be considered in order to reduce the overhead compared to the situation where each bearer would report its B.O. We could think about different grouping schemes than the one we have in LTE. For example, the eNB could configure the UE so that all GBR bearers and all Non-GBR bearers report their B.O separately. In addition to and independently of grouping, we could also think of other possible ways of reducing the overhead. A method based on predefined thresholds has been proposed in [3]. Another example is a method based on infrequent absolute reporting assisted by frequent relative reporting as proposed in an accompanying contribution [1]. 
Conclusion 2: Methods for “compressing” the Buffer Status information must be considered, like grouping the bearers, in addition to other methods like in [1] and/or [3].

· UPH (Uplink Power Headroom)
In HSUPA, the UPH reporting is very important because the grants from the NB are delivered in terms of power ratios, so the knowledge of the current UPH status within the UE is an important criteria to consider when the grant is calculated. This is strongly related to the fact that in HSUPA, the limiting factor and the shared resource is the UL intra-cell interference level. 
In LTE the situation is quite different because the UL access is based on orthogonal resources so the UL inter-cell interference level is no longer a main criteria for the eNB scheduler. So it is expected that the UPH is probably not a such critical parameter as it is in HSUPA. But the eNB still has to control the transmission power of an UE in order to limit the inter-cell interference, which is an issue in LTE. In this respect, it is not very clear at this stage if this control should be part of the SI (as a UPH-like field) or should be completely handled by the power control mechanism. 
Conclusion 3: The need for UPH in LTE should be discussed further in relation with the power control mechanism.

· Happy Bit

In HSUPA, while the ‘normal’ SI is not necessarily sent at each TTI, the happy bit is a kind of very compressed SI item which is sent every TTI in the E-DPCCH in order to let the eNB know if the UE is satisfied or not with the provided grant. The UE will say it is unhappy if, assuming the grant will be unchanged for N TTIs, the UE will not be able to send all its current buffered data (whereas he is not in power limited condition). 
In LTE, it is believed that the concept is probably needed if we decide to trigger the SI reporting not too often for overhead limitation purposes. A systematic and more frequent (e.g. every subframe) information bit (or bits) could be sent by the UE to the eNB to enable some scheduling decision even in the absence of the complete SI. But the concept should be adapted to the new notion of PBR that didn’t exist in HSUPA. Specifically, the most common understanding of the PBR for each bearer is that it does not necessarily correspond to an instantaneous bit rate in a given TTI (like the E-DCH non-scheduled payload), but rather to an averaged bit rate. It means that if at a given subframe the UE does not have a sufficient grant to satisfy the PBR of some bearers, it does not harm if the UE receives a higher grant later, so as on a given sliding window the PBR is satisfied. Inversely, if in a given subframe the UE has enough data and receives a grant allowing to send at a higher data rate than the PBR, then in the following subframes it may receives a smaller grant or no grant so that the PBR is still satisfied in average. Hence, the so called “happy bit” in LTE  (which may consist of a single bit or more, depending on the report granularity we want with respect to the bearers) should take into account this averaging concept related to the PBR. It should be linked with the estimated number of subframes needed to provide the PRB with the current grant.
Conclusion 4: Define a frequent (more frequent than the SI) reporting which would help the eNB scheduler to make decisions ensuring that the PBR(s) are satisfied in average. 

· Serving and Neighbour Cell Pathloss (SNPL)

In HSUPA this field is used in TDD and it has to be studied further. 
3 Conclusion
In this document we have reviewed the current content of the Scheduling Information for the legacy system, and based on this, we suggest a way forward for the contents of the Scheduling Information in LTE. 
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