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1. Introduction

In [1] it is concluded that approximately 3 % of both the time/frequency and transmit-power resources of a cell is needed for a single L1/L2 control channel
. This assumes

· An L1/L2 control-channel payload of 37 information bits per 0.5 ms sub-frame. Note that this may be a relatively modest estimate taking into account the expected E-UTRA use of frequency-domain scheduling and perhaps also frequency-domain link adaptation.

· QPSK modulation and R=1/3 convolutional coding. According to [1], this is needed to reach the required coverage (BLER < 1% @ geometries < 0 dB)

Similar to HSDPA, multiple L1/L2 control channels are needed if data is to be scheduled to multiple UEs within a single sub-frame
. Based on the conclusions in [1], one may thus conclude that the L1/L2 control signaling may require a substantial part of the overall downlink cell resources both in terms of time/frequency resources and cell transmit power. 

Two things should be noted though:

· The conclusions of [1] seem to be based on an assumption that the time/frequency symbols used for the L1/L2 control signaling are transmitted with the same power as all other, simultaneously transmitted, time/frequency symbols. From this, [1] concludes that rate 1/3 coding is required in order to be able to operate at the cell border (rate 1/2 coding does not provide sufficiently low BLER at geometries corresponding to the cell border). However, if power boosting is used for the L1/L2 control signaling, more bandwidth-efficient channel coding, e.g. rate 1/2 coding, could be applied at the expense of less power efficiency, while still reaching the cell border. 

· The conclusions of [1] also seem to be based on an assumption that the L1/L2 control signaling should always reach the cell border. However, in many cases the target UE is obviously not at the cell border, in which case a lower transmit power for the L1/L2 control signaling would be sufficient. Thus power control, at least compensating for path loss due to distance and shadowing, should be used for the L1/L2 control signaling. Note that this is one argument for separate L1/L2 control signaling for each scheduled UE. Another argument is possibility to use adaptive beam forming for the L1/L2 control signaling.

With this in mind, it is not obvious what channel coding-rate to use and, consequently, what fractions of cell resources (bandwidth and transmit power) are needed for the L1/L2 control signaling.

· With rate 1/3 coding, approximately 3% of the time/frequency resources but, on average, substantially less than 3% of the power resources are needed for each L1/L2 control channel

· With rate 1/2 coding, the required time/frequency resources are reduced by 33%, while the required power resources are increased by approximately 20% (0.8 dB according to [1]). 

It should also be considered if multiple transport formats for the L1/L2 control signaling should be defined, more specifically

· Lower-rate more power-efficient channel coding, to be used for UEs at the cell border. 

· Higher-rate more bandwidth-efficient channel coding to be used for UEs closer to the cell site. 

This can be seen as slow link adaptation for the L1/L2 control signaling. The benefit of this should be weighted against the additional complexity of explicitly informing UEs about the L1/L2 control-signaling transport format.

It is important to point out that regardless of the use of slow power control and/or slow link adaptation, the L1/L2 control signaling will require a non-negligible amount of downlink resources, especially in case of low-rate packet-data services such as VoIP. Thus it is important to, in parallel to designing an efficient transmission structure for the L1/L2 control signaling, also consider means to reduce the amount of control signaling needed, especially for services such as VoIP. One such method, Persistent Scheduling, is described in [2].

2. Proposals

· Convolutional coding should be the working assumption for the L1/L2 control signaling (low complexity and fast decoding, no gain with e.g. Turbo codes due to relatively short blocks)
· It should be possible to apply slow power control for the L1/L2 control signaling. 

· Slow link adaptation, more specifically adaptive code rate, should be considered for the L1/L2 control signaling.. 

Note that the two later proposals speak in favor of having separate control signaling for each scheduled UE, similar to HSDPA HS-SCCH.

A text proposal is given in [3].
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� The L1/L2 control channel is here assumed to carry information related to downlink shared-channel transmission, i.e. similar to the role of HS-SCCH for HS-DSCH transmission. Additional downlink L1/L2 control signaling will be needed e.g. for uplink-scheduling grants and Hybrid-ARQ acknowledgements.


� Alternatively, a single L1/L2 control channels could carry scheduling information to multiple UEs. However, in that case, the number of information bits per control channel would be significantly higher so the end result (more resources needed) would be the same. According to this paper, there are also other reasons for having separate L1/L2 control channels for each scheduled UE.





