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Introduction

LTE system is fully scheduling based aiming for maximum multi-user diversity, that brings the higher system throughputs than dedicated packet transmission based system. On the other hand, scheduling control channels such as HS-SCCH and E-AGCH/RGCH are always considered as a bottleneck in terms of number of simultaneous schedulable users or the required power to reach up to cell edge. In this contribution, we proposes a multi-format L1/L2 control chennel mechanism as a way to overcome these control channel bottlenecks for LTE system. 
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Discussion
When revisiting the principles of HS-SCCH, the noticeable principle was to have only 1 format for all UE in the cell. In other words, the HS-SCCH format are identical for all HS-SCCH channels. This 1 format approach of course can simplifies the UE and NW complexities, we could consider the following issues 

· Does all UE needs fully flexible L1/L2 control channels? 

Since maximum reception and transmission rate of UE is usally dictated by the path-loss of UE, the scheduler would have some limited choice of rate selection of individual UE. For example, even if 32 level of transport block size is supported starting from 100 bits to 10,000 bits per TTI, the scheduler cannot select more than 300 bits if the path-loss of UE does not allow more than 300 bits (i.e. 384 kbps). From this aspect, individual UE would require different the L1/L2 control channel flexibility to each other. 

· What is cost of having 1 L1/L2 control channel format?

Although, all UE may not need fully flexible L1/L2 control channels, supporting fully flexible L1/L2 control channel would be simple from UE and NW point of view. However from the radio resource utilization point of view, NW has to maintain the full flexible L1/L2 control channels to be also highly reliable otherwise both system and user throughput would be affected. The power or frequency resource cost for fully flexible L1/L2 control channel is also clear since the shared L1/L2 control channel has to reach up to the cell edge.
· Why both E-AGCH and E-RGCH were supported in HSUPA?

Both E-AGCH and E-RGCH were supported in HSUPA in order to control the uplink power offset of E-DPDPCH. The option of using E-AGCH allows the node B to quickly change the uplink power offset of user when a large quantity of new data has been arrived. At the same time, the option of E-RGCH allows the node B to fine tune the uplink power offset of user when buffer size or IoT level changes over time. Therefore this two format of uplink control already provided a good trade-off between scheduling flexibility and scheduling cost.
Figure 1 illustrates the concept of multi-format L1/L2 control channel considering the geometry distribution within cell. Based on channel quality such as path loss of UE, eNB can assign a different format of L1/L2 control channel for the corresponding UE. If UE is in severe channel condition and only limited bitrates can be supported, eNB assigns a L1/L2 control channel format which is more robust in severe channel condition but not able to support full LTE bitrates. One example of this format would be a reduced scheduling info bits such as bit length of transport block sizes. For those UE with a good channel quality such as path loss of UE, eNB can assign a L1/L2 control channel format which is less robust but allowing a full flexibility of scheduling control. With this approach of multi-format L1/L2 control channel, it is possible to reduce the L1/L2 control channel overhead by adapting the flexibility of L1/L2 control format to the channel condition. 
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Figure 1: Multi-format L1/L2 Control Channel
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Conclusions

In this contribution, we considered the need of more optimized L1/L2 control channel than HSDPA approach in which only one L1/L2 control channel format is allowed. It is proposed to discuss and agree on the following proposed L1/L2 control channel principles:
· There are more than one L1/L2 control channel formats allowing various level of scheduling control flexibility (granularity) and robustness.
· Each format could have the different number of bits required for indicating the transport block size (this is a mere example).
Note that RAN1 has already agree on support of two control signalling format for downlink [1]. 
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