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1. Introduction

This contribution discusses FDM and TDM mapping of the L1/L2 control information where FDM is used with current uplink subframe structure and TDM is used with a modified version of the LTE uplink subframe structure. The advantages and disadvantages are shown for each frame structure.
2. UL L1/L2 Control Signaling Mapping
Uplink L1/L2 control information to be mapped into the uplink frame structure is given in Table 1 below.

Table 1 – UL L1/L2 Control Signaling Requirements

	CQI
	5-bit field
	Includes frequency selective feedback (see Annex A)

	ACK/NACK
	1-bit field
	

	RSN
	2-bit field
	Retransmission sequence number (piggy backed)

	MIMO/Beamforming
	x-bit field
	TBD


* in place of or in addition to CQI a group change indicator may be used for VoIP with grouping.
Two uplink frame structures have been considered in [3] and [4] for L1/L2 control mapping and are indicated in Figure 1 below.  Table 2 gives the advantages and disadvantages for FDM mapping of L1/L2 control information for the current uplink subframe structure versus a TDM mapping for the modified uplink subframe structure. Table 3 indicates subcarrier allocation for each subframe structure.
Table 2 – Advantages/Disadvantages of FDM and TDM mapping (5 MHz Carrier example)
	Feature
	FDM
	TDM

	Coverage
	More (2 subcarriers/symbol)
	Less (12 subcarriers/symbol)

	Capacity
	Higher (24 - 12 subcarrier fields)
	Lower (12 - 12 subcarrier fields)

	Frequency Diversity
	Yes (FDM diverse allocation)
	Yes (TDM diverse allocation)

	Coexistence
	Lower power de-rating (see Figure 2)
	More power de-rating

	Sounding
	Only 10 RBs need to be sounded
	All 12 RBs to be sounded

	CP size (guard interval)
	Larger – more protection
	Smaller - less protection

	Delay
	Higher – ½ subframe minimum
	Lower – 1 symbol minimum

	Time Repetition
	Less required for cell edge users
	More for cell edge users. 
Reduces Delay benefit

	Simultaneous Data/Control Transmissions
	Piggy back and/or Schedule to avoid

(See Annex B)
	TDM avoids data and control overlap for subframe

	Reference sequences
	Less – rely on frequency diversity, time repetition, power control, & IA
	More – less reliance on frequency diversity, time repetition, etc.


FDM mapping with current subframe structure has increased coverage, capacity (2x), larger CP size, and better coexistence (control RB at each edge of carrier band acts as additional guard band) than the TDM mapping approach with alternative subframe structure.  TDM mapping can have lower delay but this is mitigated due to generally poorer coverage and more need for time repetition. TDM avoids data and control transmission overlap in a given subframe while FDM in overlap cases relies on piggy backing or avoidance through scheduling (see Annex B).  TDM also supports more reference sequences but the benefit relies on cell reuse and coordination to be effective especially if 12 subcarrier resource blocks are chosen. Also frequency hopping, time repetition, power control, and interference avoidance (IA) help cell edge users in lieu of reference sequences. Smaller CP size means more sensitivity to timing error and large delay spread.
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Figure 1 – FDM and TDM L1/L2 Control Mapping to Uplink Subframe (25 subcarrier RB)
Table 3 – Data, Control, and Reference subcarrier subframe allocation (25 subcarrier RB)
	Subcarrier Type
	FDM control structure
	TDM control structure

	Data
	1500 (10 x 25 x 6)
	1500 (12x25x5)

	Data Reference symbols/RB
	12/13
	12/13

	Control
	300
	150

	Control reference
	150 (6 x 25 x 2)
	150 (12 x 25 / 2)


3. Conclusions

FDM mapping of L1/L2 control signaling with current subframe structure has increased coverage, capacity (2x), larger CP size, and better coexistence (control RB at each edge of carrier band acts as additional guard band) than the TDM mapping approach with alternative subframe structure.  

TDM mapping can have lower delay but this is mitigated due to generally poorer coverage and increased need for time repetition. TDM avoids data and control transmission overlap in a given subframe while FDM in overlap cases relies on piggy backing or overlap avoidance through scheduling. TDM is less efficient than FDM, with a side benefit that as more reference symbols are transmitted (equal in amount to the data) longer (more) reference sequences are available.  FDM can use frequency hopping, time repetition, power control, and interference avoidance to help edge of cell users, if necessary. 
It is proposed that L1/L2 control signaling be FDM mapped on to the current LTE UL subframe structure.
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Figure 2 – 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 4 – Coverage of 5-bit field with 7dB (Io+No)/No for different resource sizes using FDM
[image: image3.emf]MCS #sym #subcar # Log Penetration Total Tx Loss (dB) #5-bit fields

per sym Retx's Distance Pathloss Model Normal .+BodyLoss TxPower PL+LN+Gant+Pen. Rx Power SINR subcar Total per subframe

(meters) (dB) (dB) (dBm) (dB) (dBm) (dB) (dB) (dB) for 300subcar

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 5 – Coverage of 5-bit field with 2dB (Io+No)/No for different resource sizes using FDM
[image: image4.emf]MCS #sym #subcar # Log Penetration Total Tx Loss (dB) #5-bit fields

per sym Retx's Distance Pathloss Model Normal .+BodyLoss TxPower PL+LN+Gant+Pen. Rx Power SINR subcar Total per subframe

(meters) (dB) (dB) (dBm) (dB) (dBm) (dB) (dB) (dB) for 300subcar

1 3 2 0 875 128.1+37.6log10() 10 20 24.0 141.9 -120.9 3.3 3.2 11.0 48

2 6 2 0 1055 128.1+37.6log10() 10 20 24.0 145.0 -124.0 0.22 0.2 11.0 24

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 6 – 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 7 – 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 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. Piggy back (e.g. puncture) CQI & ACK/NACK onto the uplink data transmissions (already need to send RSN with data packet anyway)

a. Scheduler and UE know when piggy backing is needed

b. RSN (2-bits) + CQI (5-bits) + ACK/NACK (1-bit)
c. Reserved control resource goes unused unless reassigned via signaling or some rules

i. If FTP upload then L3 signaling could be used to de-assign UL control field and rely on piggy backing.
2. Asynchronous HARQ on downlink allows schedule to avoid scheduling downlink frames whose ACK/NACK coincides with uplink frame re-transmission
3. Given a 1ms TTI it is possible to send data on one 0.5ms subframe and control on the other.
4. Skip CQI transmission but could degrade downlink performance depending on skip frequency




























































































































































































































































