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Discussion
1 Introduction

This contribution discusses the UL scheduling scheme for LTE. In particular, a comparison between two approaches how to control the transmission parameters of an UE, i.e. payload size, modulation/coding scheme, is done. In the first scheme, which is also referred to as per Radio Bearer scheduling, Node B decides all the transmission parameters the UE is obliged to use. In the per UE scheduling approach UE selects the transmission format thereby considering QoS requirements and buffer status within the limits set by Node B scheduler.   

2 Background

2.1 Scheduling scheme in HSUPA

For HSUPA the uplink is non-orthogonal. Each user data transmission is interfering with other user data transmissions in the same cell (intra-cell interference) and in neighboring cells (inter-cell interference). The shared resource is the received interference at Node B. 
Node B schedules the maximum power, i.e. E-DPDCH/DPCCH power ratio, a user is allowed to use for uplink data transmissions on E-DCH. UE selects the transmission format, i.e. transport block size and modulation/coding scheme, within the power limits sets by Node B by means of TFC selection. The transmission format is chosen considering the buffer and power status of the UE as well as the QoS requirements of the services. By selecting the HARQ profile, which includes power offset attribute and maximum number of transmissions, UE determines the BLER of the initial transmissions.  

3 Discussion

3.1 Scheduling scheme for LTE UL

Single-carrier transmission combined with FDMA with dynamic bandwidth allocation has been chosen as the evolved UTRA uplink transmission scheme. The scheduler in the Node B assigns time/frequency resources to the UEs in the cell in such a way, that intra-cell orthogonality is achieved between different users in a cell. An orthogonal access in the uplink promises increased spectral efficiency by eliminating intra-cell interference. Therefore, in contrast to HSUPA only inter-cell interference exists in the uplink for LTE. Besides allocating the time/frequency resources among the users in a cell, Node B scheduler needs also to control the transmission power of an UE in order to limit the inter-cell interference, i.e the target of the received SINR for the UE at the cell boundary can be smaller than that for the UE in the cell vicinity [1].  Similar to HSUPA also the transmission format of a UE, i.e. payload size and modulation coding scheme, needs to be controlled.  In the following two different approaches how to control the transmission format of a UE are discussed in more detail. 

· Per Radio Bearer (logical channel) scheduling

· Per UE scheduling

3.1.1 Per RB scheduling approach

In this scheduling approach, Node B controls the bit rate of each radio bearer respectively logical channel separately. This allows for a tight QoS control in the eNB, i.e QoS differentiation among UEs in a cell and within one UE. No QoS handling is done in the UE. Since eNB controls the amount of bits for each radio bearer explicitly, all transmission parameters of the UE like payload size and modulation coding scheme are decided by eNB. UE shall obey the scheduling decision and is therefore not required to perform TFC selection as in Rel6 HSUPA. Basically all QoS control and also complexity lies on the UTRAN side in the per radio bearer scheduling approach.  

The required amount of control information in the uplink for scheduling information would be increased compared to the per UE scheduling approach, since UE needs to report the buffer status for each logical channel. Generally, eNB needs to have very precise information on the UE status in terms of buffer and available power in order to make an appropriate scheduling decision. Otherwise, there would be a risk that UE cannot fill the scheduled resources for a logical channel due to imprecise buffer information in eNB. In this case, UE would need to do padding, which would decrease the transmission efficiency. 
On the other hand since no UE-based TFC selection is done, there is no need for outband uplink control signaling in order to inform eNB about necessary information for demodulation/decoding of the payload, i.e. TFCI.
However the amount of outband control signaling in the downlink would be increased in this scheduling approach, since eNB has to signal a separate scheduling grant for each logical channel.  

3.1.2  Per UE scheduling approach

In the per UE scheduling approach, eNB controls the maximum transport format, i.e. payload size, a UE is allowed to use for uplink data transmission on uplink shared channel. Compared to the per RB scheduling approach, the QoS control would be distributed between eNB and UE. ENB would for example schedule a maximum allowed transport format based on radio channel conditions and reported scheduling information. UE selects the transmission parameters within the limits set by eNB by means of TFC selection. The selection of payload size and modulation coding scheme would consider QoS requirements of the data, i.e. latency and BER, and buffer/power situation of UE. This approach has more similarity to the one adopted for HSUPA. Here UE performs TFC selection according to specified rules, i.e. maximization of highest priority data. For LTE it could be also envisaged, that UE has more freedom in selecting the transport format.  
Outband control signaling in the uplink is required in case of UE-based TFC selection in order to inform eNB the necessary information for demodulation and decoding.
Compared to the per RB scheduling approach the amount of control signaling for scheduling information in the uplink, i.e. buffer/power status could be reduced, since eNB might not need such precise knowledge of the UE status. The outband control signaling in the downlink would be also decreased since only one scheduling grant per UE is necessary. From scheduling efficiency there would be also an advantage of the per UE scheduling approach since multiple logical channels would fill the scheduled resources more efficiently, i.e the possibility that UE needs to perform padding.
4 Conclusion 

This contribution discusses the UL scheduling scheme for LTE thereby focusing on a comparison between the per-RB and per-UE scheduling approach. Based on above made comparison we currently prefer the per UE scheduling approach for LTE Uplink. It’s proposed to discuss the issue within the RAN2 working group.
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