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1. Introduction

This contribution discusses uplink (UL) L1/L2 control information and control channel structure as well as the mapping of the L1/L2 control information to a FDM or CDM structure when there is no uplink data transmission in the same slot.
2. UL L1/L2 Control Information
Uplink L1/L2 control information and corresponding information field sizes are proposed in Table 1.  
CQI: The CQI field given in Table 1 represents the CQI quantum payload (QP) size and is the number of CQI bits (N) supported per UE per slot.  If a total of M bits of CQI information is periodically needed for e.g., FDS scheduling operation and enough slot time frequency resources to support N bits are allotted then minimum reporting period for the M-bit CQI payload is  K = M/N slots. For M=15 and N=5 then the CQI payload minimum reporting period is K=3 slots.
ACK/NACK: The maximum number of HARQ processes per packet transmission supported determines the number of ACK/NACK feedback bits required.  If there is one codeword per MIMO stream and each codeword is assigned a HARQ process then the number of ACK/NACK bits per packet transmission is equal to the number of streams. Link performance for ACK/NACK feedback is given in Annex C.
RSN: The retransmission sequence number represents the redundancy version (RV) and, when reset for the first packet transmission, the new data indicator (NDI).  The size of the RSN is chosen to avoid packet number ambiguity and therefore helps provide synchronization between Node-Bs during soft handoff.  Since there is no uplink soft handoff supported for LTE then for synchronous HARQ signaling the RSN can be avoided as long as the first transmission of each UL packet is indicated by a scheduling grant.
Table 1 – UL L1/L2 Control Information and Signaling Requirements

	CQI
	5-bit field
	CQI quantum payload.  CQI payload is 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)

	SRI
	1 bit field
	Scheduling request indicator 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.


SRI: A scheduling request indicator is used by a UE to indicate the need for an uplink resource for transmitting its buffer occupancy state and serve as an implicit request for subsequent scheduling of data packets [6].
PI: A pathloss indicator is used to inform the serving eNB of the UEs transmit power level should it be scheduled.  It is determined based on the received common reference signal strength of the serving cell and the signaled (e.g. via BCH) common reference signal transmit power level.
MF: MIMO or Beamforming feedback quantum payload size.  The same reporting method as CQI is used.

3. UL L1/L2 Control Channel Structure
3.1 Control only 

If UE’s UL data transmission does not occur in the same slot containing its assigned UL L1/L2 CCH then a FDM or CDM CCH structure is used where the CCH resources are mapped to the resource blocks and subcarriers at either edge of the carrier band.  Examples of FDM and CDM CCH structures are shown in Figure 2 and Figure 3, respectively.
FDM:
· Good link budget (coverage)

· Control at carrier band edges acts as guard band reducing OOB emissions for data
· Inter-cell interference averaging via fast hopping (on every symbol interval)

· Intra-TTI (slot) band edge hopping is also performed for interference averaging

· CDM pilot across CCH RB avoids reference signal design problems
· Ability to increase the number of multiplexed users by assigning ½ slot control resources

· There may be adjacent resource element (RE) interference issues for adjacent data RB REs

CDM (e.g. using CAZAC sequence and its cyclic shift): 
· Good link budget (coverage)

· Control at carrier band edges acts as guard band reducing OOB emissions for data

· Inter-cell interference averaging via spreading
· Intra-TTI (slot) band edge hopping is also performed for interference averaging

· Ability to increase the number of multiplexed users by introducing non-orthogonal codes 
· CDM will have some interference between users when the number of shifts is larger than 6-8, due to the IFFT interpolation/pulse shaping effect and imperfect timing between users
In either case it may be best if the size of the carrier edges control bands was such that the remainder of the subcarriers, when divided into 12sc RBs, resulted in an even number of RBs with no RBs spanning DC.

3.2 Data + Control

If a UE’s UL data transmissions occur in the same slot as its assigned UL L1/L2 control channel then a TDM control channel structure may be used such that the control information is multiplexed with data before DFT pre-coding maintaining a Single Carrier waveform as shown by the red region in Figure 2. Details of the pre-DFT multiplexing scheme are presented in [7]. 

TDM (pre-DFT multiplexing):  
· CQI or ACK/NACK e.g. are multiplexed with data before the DFT pre-coder
· For timing, the (post-DFT) symbol(s) that contain control and data may be best placed in a LB other than the first. (FFS).
· Single carrier nature (low PAPR/CM) of DFT-SOFDM waveform is maintained
· Coding and transmit power are chosen to achieve similar reliability as FDM or can rely on HARQ
4. Multiplexing Different UL L1/L2 Control Information Types per N-bit field
It is possible to time multiplex (TDM) different UE control information types per its assigned N-bit L1/L2 control resource.  Figure 1 shows an example of CQI N-bit quantum payload reported on a UE’s control resource in each slot with PI displacing CQI information for one out of every N3 slots.  If a DL ACK/NACK (A/N) occurs at slots i+N2 then it is coded with the 4 MSBs of the CQI word.
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Figure 1 – Time multiplexing different control types in 5-bit L1/L2 resource allocation

A number of L1/L2 control resources are reserved per TTI for DL ACK/NACKs.  For best effort data the required number of DL ACK/NACK control resources can be equal to the maximum # DL transmissions scheduled per TTI where 6 is near optimal for a 5 MHz LTE carrier [5]. Given at most two codewords (each with CRC) per TTI with each requiring a HARQ ACK/NACK then one solution is to map the two ACK/NACKs to the same resource using QPSK. An eNB can expect an ACK/NACK QPSK mapping given it signals for a multiple codeword downlink transmission. A UE can implicitly determine its ACK/NACK resource assignment based on the particular downlink L1/L2 control channel used for signaling its scheduling assignment.

Table 2 – L1/L2 CCH Resources for Traffic Type in 5 MHz LTE carrier at maximum loading

	Traffic Type
	DL ACK/NACK resources
	CQI resources

	Best Effort
	6 (= max #DL Transmissions scheduled/TTI)
	50

	VoIP (CS like QoS)
	<= #RBs in TTI available to VoIP
	0 (In-band signaling)


5. Allocation of uplink L1/L2 control resources

Allocating N-bit L1/L2 control resources can be scheduled in a persistent manner using either a L1/L2 control channel or a common control channel (CCCH).  A common control channel would require fewer steps then using the L1/L2 control channel assuming UEs were assigned a specific TTI to monitor the CCCH.  The CRC of the CCCH would be masked by the UEID for identification. The CCCH would have a “duration” field to indicate the UL L1/L2 CCH assignment duration.
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Figure 2 – FDM and TDM L1/L2 Control Mapping to Uplink Slot example.
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Figure 3 – CDM and TDM L1/L2 Control Mapping to Uplink Slot example.
6. Conclusions

FDM or CDM mapping of uplink L1/L2 control signaling provides good coverage and minimizes control resources required per UE.  By mapping control resources to the carrier band edge an effective guard band is created reducing OOB emissions for data transmissions. To save on L1/L2 control resources a UE’s different control types can be time multiplexed.  Uplink L1/L2 control resources assigned by CCCH can be more efficient than with using DL L1/L2 CCH. 
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Figure 4 – Increase in maximum power level if L1/L2 control mapped to band edge RBs
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CDM: UL L1/L2 control channel resource assigned to user j
(note: no data transmission for user j in TTI)
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