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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 structure when there is no uplink data transmission in the same subframe and to a TDM structure otherwise. In this way the single carrier nature of the UL is preserved. 
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 subframe.  If a total of M bits of CQI information is periodically needed for e.g., FDS scheduling operation and enough subframe time frequency resources to support N bits are allotted then minimum reporting period for the M-bit CQI payload is  K = M/N subframes. For M=15 and N=5 then the CQI payload minimum reporting period is K=3 subframes.
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.
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.  FDS CQI payload multiples of QP

	ACK/NACK
	1-4 bit field
	#ACK/NACK bits = #codewords[streams]/Modulation

	RSN
	0 bit (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.


SR: A scheduling request 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.
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
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

· It may be best if the size of the bands on the edges 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.

TDM: If a UE’s UL data transmissions occur in the same subframe 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 precoder 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
· For timing, the (post-DFT) symbol(s) that contain control and data may be best placed in a LB other than the first. (FFS).
·  Preserves single carrier nature of DFT-SOFDM waveform

· Coding and transmit power chosen to achieve similar reliability as FDM or rely on HARQ
· Transmit data on one subframe of 1 ms TTI and control on other to avoid TDM (see Figure 3)
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 subframe with PI displacing CQI information for one out of every N3 subframes.  A UE’s SR opportunity occur every N2 subframes where the single bit SR punctures the 5-bit CQI.
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Figure 1 – Time multiplexing different control types in 5-bit L1/L2 resource allocation

A number of N-bit L1/L2 control resources are reserved per TTI for ACK/NACK.  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 and could be set in semi-static manner. If each MIMO stream has a codeword such that each requires a HARQ ACK/NACK then one solution is to map all ACK/NACKs to same ACK/NACK resource (QPSK would help). Such mapping would be assumed by eNB and UE for MIMO transmissions. Allocation of an ACK/NACK resource to a UE can then be implicitly determined based on DL scheduling grant order.

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)


Allocating N-bit L1/L2 control resources can be scheduled in a persistent manner using either the 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 color coded with 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 Subframe example
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Figure 3 – User j data transmission in 1st subframe & FDM L1/L2 CCH in 2nd subframe of TTI
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. To save on L1/L2 control resources a UE’s different control types can be time multiplexed.  It is possible to avoid using the TDM control structure by assigning control to one subframe of 1ms TTI and data to the other to preserve the single carrier waveform.  Alternatively, the scheduler can attempt to avoid uplink data transmissions from coinciding with control transmissions.  Finally, appropriate coding & power control can close the TDM control channel link budget.
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Figure 4 – Increase in maximum power level if L1/L2 control mapped to band edge RBs
ANNEX A

CQI scaleable reporting example
CQI payload coverage

The coverage for supporting at least 5-bit CQI fields on the uplink given different resource sizes is given by the link budgets shown in Tables 4 and 5 below for different loading levels given in terms of (Io+No)/No.

The control resources are assumed to have an FDM allocation providing better coverage than TDM. 

Table 3 – Coverage of 5-bit field with 7dB (Io+No)/No for different resource sizes using FDM
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1 3 2 0 630 128.1+37.6log10() 10 20 24.0 136.6 -115.6 3.2 3.2 11.0 48

2 6 2 0 755 128.1+37.6log10() 10 20 24.0 139.5 -118.5 0.24 0.2 11.0 24

3 6 4 0 850 128.1+37.6log10() 10 20 24.0 141.4 -123.5 -4.7 -4.8 9.0 12

4 6 4 1 1025 128.1+37.6log10() 10 20 24.0 144.5 -123.5 -4.7 -4.8 9.0 12

5 6 4 3 1475 128.1+37.6log10() 10 20 24.0 150.4 -123.4 -4.7 -4.8 9.0 12

Target SINR Per Subcarrier


Table 4 – Coverage of 5-bit field with 2dB (Io+No)/No for different resource sizes using FDM
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1 3 2 0 875 128.1+37.6log10() 10 20 24.0 141.9 -120.9 3.3 3.2 11.0 48
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3 6 4 0 1185 128.1+37.6log10() 10 20 24.0 146.9 -128.9 -4.7 -4.8 9.0 12

4 6 4 1 1425 128.1+37.6log10() 10 20 24.0 149.9 -128.9 -4.7 -4.8 9.0 12

5 6 4 3 2060 128.1+37.6log10() 10 20 24.0 155.9 -128.9 -4.7 -4.8 9.0 12

Target SINR Per Subcarrier


CQI scaleable reporting

It is desirable to minimize the number of UL MCS as determined by the control resource size.  Table 6 defines the three MCSs used in Tables 4 and 5 to allow total coverage for CQI reporting. Figure 1 below shows an example of MCS2 mapped 5-bit CQI field using the edge resource blocks of a 5 MHz carrier.

Table 5 – MCS definitions for 5-bit CQI field

	MCS1
	3 symbols x 2 subcarriers; 1 reference symbols
	L(3,2,1)*

	MCS2
	6 symbols x 2 subcarriers, 2 reference symbols
	2 x L(3,2,1) frequency diverse allocation

	MCS3
	6 symbols x 4 subcarriers, 4 reference symbols
	4 x L(3,2,1) frequency diverse allocation


* L (.) is defined as L (#symbols, #subcarriers/symbol, # reference symbols)

One way to provide scaleable CQI feedback is to map the frequency selective information to fixed field sizes of 4 or 5-bits and transmit them in an alternating manner as shown in Table 7 below.  For example, the feedback information for the top M CQI, hierarchical CQI, or bitmap CQI method could all be mapped to three 5-bit fields.  Layer 3 signaling can be used to change scaling for a given user or group of users. A fixed 5-bit CQI field fits well with 2-bit RSN and 1-bit ACK/NACK (i.e. 8 bits) for piggy backing.
Table 6 – Three 5-bit CQI word reporting cycle with load and coverage scaling examples

	20bits/2ms
	1
	2
	3
	1’
	2
	3
	1
	2
	3
	1’
	2
	3
	1
	2
	3
	Light to moderate loading

	15bits/2ms
	1
	2
	3
	
	1
	2
	3
	
	1
	2
	3
	
	1
	2
	3
	Moderate loading

	10bits/2ms
	1
	
	2
	
	3
	
	1
	
	2
	
	3
	
	1
	
	2
	Heavy loading (HL)

	10bits/2ms
	1
	
	r
	
	2
	
	r
	
	3
	
	r
	
	1
	
	r
	Poor coverage UE & HL

	10bits/2ms
	wb
	
	r
	
	r
	
	r
	
	wb
	
	r
	
	r
	
	r
	Very poor coverage UE


wb – wideband CQI,   r – repeat transmission,   No entry – no transmission

Example of multiplexing CQI field scheme given in Table 5 could support:

· Top M CQI method for M=2.  
· 1: 5-bit CQI1 (best CQI) 
· 2: 4-bit of address of CQI1 + 1-bit differential CQI1
· 3: 5-bit address of CQI2, (second best CQI)
· 1’:4-bit address of CQI2 + 1-bit differential CQI2
· CQI bitmap reporting scheme with 12-bit bitmap corresponding to 12 CQI bins for a 5 MHz carrier such that 4 5-bit fields can be defined as:
	1:  4-bit CQI + 1st bit of bitmap ( 
	x
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2: 1st set of 5-bits of bitmap ( 
	0
	0
	x
	0
	x
	0
	x
	0
	x
	0
	x
	0

	3: 2nd set of 5 bits of bitmap (
	0
	x
	0
	x
	0
	x
	0
	x
	0
	x
	0
	0

	1’: 4-bit CQI + 12th bit of bitmap ( 
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	x


· where x represents transmitted bit of bitmap

· Hierarchical CQI reporting method for 5 MHz carrier example: 

· 1: Level 1: 5-bit CQI of first level (1bin)

· 2: Level 3: 2-bits address + 3-bit differential CQI (4 bins)

· 3: Level 4: 4-bit address + 1-bit differential CQI (12 bins)

· 1’: Not used in this example
ANNEX B
FDM UL L1/L2 Control Resource & UL packet transmission overlap
For coverage (link budget) reasons FDM uplink L1/L2 control is preferable.  When CQI or ACK/NACK (e.g.) are to be transmitted on an uplink TTI along with an uplink packet there is a problem since DFT-SOFDM as defined does not allow two or more localized transmissions to overlap in the time domain. There are several ways to resolve this problem:

1. Asynchronous HARQ on downlink allows schedule to avoid scheduling downlink frames whose ACK/NACK coincides with uplink frame re-transmission
2. Given a 1ms TTI it is possible to send data on one 0.5ms subframe and control on the other.
3. Skip CQI transmission but could degrade downlink performance depending on skip frequency
4. UL first packet transmissions can be scheduled to avoid overlap with DL ACK/NACK transmissions on UL.

5. Asynchronous HARQ could be used for the uplink instead of synchronous HARQ such that UL retransmissions could be scheduled to avoid overlap with DL ACK/NACKs transmissions on UL.
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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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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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