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1. Introduction

This contribution discusses the uplink L1/L2 control channel structure for the 15 and 20 MHz LTE spectrum allocation case given 10 and 20 MHz capable UEs. 
2. UL L1/L2 Control Information
Uplink L1/L2 control information and corresponding control information field sizes are proposed in Table 1 and are described in [5]. 
Table 1 – UL L1/L2 Control Information and Signaling Requirements

	CQI
	5-bit field
	CQI quantum payload.  FDS CQI payload multiples of QP

	ACK/NACK
	1-2 bit field
	BPSK if 1 codeword, QPSK if 2 codewords (e.g.)

	RSN (if required)
	2-bit field
	Retransmission sequence number (RV + NDI)

	SR
	1 bit field
	Scheduling request for buffer occupancy resource

	PI
	5-bit field
	Pathloss indicator used for UL PC, Handover functions

	MF
	5-bit field
	MIMO or Beamforming feedback quantum payload.


3. UL L1/L2 Control Channel Structure
Two uplink L1/L2 control channel multiplexing structures can be supported: FDM and TDM.  
FDM: If a UE’s UL data transmission does not occur in the same subframe containing its assigned UL L1/L2 CCH then a FDM CCH structure is used where the CCH resources are mapped to the resource blocks and subcarriers at either edge of the carrier band as shown in Figure 2 and 3. With FDM:
· Better link budget (coverage)

· Control at carrier band edge acts as guard band reducing OOB emissions for data
· Two subcarrier minimum FDM allocation is possible
· Sharing UL CCH resources between UEs or control types is possible

· Transmit data on one subframe of 1 ms TTI and control on other to avoid TDM (see Figure 3)
TDM: If a UE’s UL data transmissions occur in the same subframe as its assigned UL L1/L2 control channel then a TDM CCH structure may be used such that the control information is multiplexed with data before DFT pre-coder to maintain the Single Carrier waveform as shown in Figure 2. With TDM:
· CQI or ACK/NACK e.g. are multiplexed with data before DFT precoder
· Preserves single carrier nature of DFT-SOFDM waveform

· Coding and transmit power chosen to achieve similar reliability as FDM or rely on HARQ
4. 15 and 20 MHz Carriers and FDM Structure
Assigning uplink L1/L2 control channels to resource blocks and subcarriers at the carrier band edge effective creates a guard band for data transmissions since the control transmissions have very small occupied bandwidth such that their OOB emissions are not significant (see Figure 1).
To support 10 MHz UEs a 20 MHz spectrum allocation would be split into two 10 MHz carriers.  This would mean that there are four 10 MHz band edge control regions. The two outer reserved control regions (1 and 4 in Figure 4) would help reduce OOB emissions to adjacent carriers (e.g. UMTS or LTE) while the other two (2 and 3 in Figure 4) would reduce 10 MHz inter-carrier interference (the latter likely not that significant). To avoid implementing control bands 2 and 3 for frequency diversity benefit and only relying on control bands 1 and 4 would require:
· Minimum UE bandwidth of 20 MHz perhaps with limited capability to operate at 20 MHz

The control band issue for 15 MHz spectrum allocation is similar given it is split into a 10 and 5 MHz carriers.

5. Conclusions

FDM mapping of L1/L2 control signaling provides good coverage and minimizes control resources required per UE.  By mapping FDM control resources to the carrier band edge an effective guard band is created reducing OOB emissions for data transmissions. For a 15 and 20 MHz spectrum allocation there is a possibility of four control bands being defined to obtain frequency diversity. This can be avoided such that only two control bands are defined at outer edges of 15 or 20 MHz spectrum allocation if the minimum UE bandwidth is 20 MHz (with preferably some reduction in UE performance capability when operating above 10 MHz in early deployments) otherwise all four control bands would be in place.
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Figure 1 – Increase in maximum power level if L1/L2 control mapped to band edge RBs
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Figure 2 – FDM and TDM L1/L2 Control Mapping to Uplink Subframe example
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Figure 3 – User j data transmission in 1st subframe & FDM L1/L2 CCH in 2nd subframe of TTI
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Figure 4 – 20 MHz spectrum allocation with two 10 MHz carriers and four control bands
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User j:Data transmission on RB in first subframe of TTI



User j: UL L1/L2 control channel resource in second subframe of TTI
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FDM: UL L1/L2 control channel resource assigned to user j
Frequency diverse allocation
(note: no data transmission for user j in TTI)
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