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1. Introduction

Uplink Control signaling and mapping assumptions used with Motorola E-UTRA system simulations are discussed as well as the advantages of mapping control to edge resource blocks of LTE carrier.
2. UL Control Signaling Requirements
Uplink control signaling consists of:

· CQI/GSI  (GSI – is group step indicator)
· ACK/NACK

· RSN

· MIMO/Beamforming feedback
It is proposed that CQI/GSI/ACK and MIMO/Beamforming feedback be sent on the UL control region mapped to resource blocks at the LTE band edge (see Figure 3 and 4) when it cannot be piggy backed with uplink transmissions.

RSN (2-bits) + CQI (5-12bits) + ACK/NACK (1-bit) can be piggy backed by puncturing a coded data block which is to be sent on allocated resource blocks and therefore can take advantage of better channel estimation.  This is also true for piggy backing RSN (2-bits) + GSI (3-bits) + ACK/NACK (1-bit).
It is better to map control to edge RBs at both ends of LTE carrier band since: 

· Control Resource Allocation (CRA) with more DFT-SOFDM symbols is better link budget wise than allocation with more fewer DFT-SOFDM control symbols (see R1-060882):
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Figure 1 – Link budget benefit from 

· Frequency diversity benefit is maximized by splitting a CRA between the edge resource blocks using e.g. first four and last four DFT-SOFDM symbols of a subframe (see Figure 3)
· No PA power de-rating or backoff required for band edge control allocations due to their minimum occupied bandwidth and hence minimum adjacent carrier leakage 

· Minimizes PA power de-rating of data transmissions since CRA acts as an additional guard band (see Figure 2 and Table 1)
3. UL Control and Data Subcarrier availability
-- 5MHz LTE carrier --

 Original Subframe Structure with Edge RBs for Control: 

· 300 control subcarriers (=25x6x2),   

· 50 control pilot subcarriers (=12.5x2x2) ,  

· 1500 data subcarriers (= 25x6x10)  with 250 data pilot subcarriers
Achievable peak rate based on 16QAM and R=5/6 is 10Mbps assuming both edge resource blocks are used for control and 11 Mbps if only one of the edge resource blocks is used for control.  Note that for less than 5MHz LTE carriers only one edge resource block is used to minimize control overhead.
4. Conclusion

There are significant advantages to mapping control such as CQI/GSI/ACK to the edge resource blocks of a LTE band due to 

· power de-rating benefits for both data and control
· improved link budget

· ability for frequency diverse per UE control allocations in one subframe

It is recommended that, when CQI/GSI/ACK and MIMO/Beamforming feedback cannot be piggy backed with uplink transmissions, it is sent in the edge RB in the uplink subframe in a frequency diverse manner. 
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Figure 2 – Increase in Max PA Power Level if Control Mapped to Band Edge RBs

Table 1 – Max PA Power Level vs. #RBs allocated
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Figure 3 – UL Control Regions mapped to band edge resource blocks (1 and 12) for 5MHz case. Frequency diversity is achieved by splitting the control resource between resource blocks 1 and 12 for each UE.
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Figure 4 – Dedicated Control in Cyan (Edge of band RBs) and Piggy Backed Control in light green
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