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1. Introduction

This paper summarizes the five supported downlink (DL) L1/L2 Control Channel mapping configurations for the current control channel working assumptions.  The CCE layout in terms of k=4 RE (QPSK symbol) groups (mini-CEs) are shown for each FDD LTE carrier bandwidth mode {1.4, 3, 5, 10, 15, 20} MHz.  For 5MHz and larger bandwidth FDD carriers at least 12 mini-CCEs should be reserved in the first symbol to help with PCFICH coverage [9] unless the Paging message scheduling assignment is invariant to both control region size (n) and the number of downlink transmit antennas configured (#TX Antennas). If invariant then a UE looking for a Page does not need to read PCFICH.  The PHICH allocation was based on the equation
#PHICHs per carrier with NRB resource blocks = 3 x ceiling(NRB/8)
Alternatively, for a less aggressive PHICH allocation the equation 3 x MAX(1, floor(NRB/8)) can be used.
2. Control Channel Mapping for different Configurations
The number of control channel mappings in terms of #CCH k=4 REs and their locations for a given value of n (control region size in terms of #OFDM symbols) were reduced from 8 to 5 given the working assumption [8] below on #Tx Antennas and RS formats.
· 1 or 2 Tx antennas

· Assume there are two RS present (for Antenna 1 and 2 RS locations), map control to the rest of REs, leave second RS empty (power can be used) in case of 1 Tx

· 4 Tx antennas

· Assume there are 4 RS present, map control to remaining REs
The control channel configurations are given in Table 1 below and are uniquely identified by #Tx Ant & n.
Table 1 – Control Channel Configuration (#Tx Ant and ‘n’) in terms of RS occupancy

	CCH
	#Tx Ant
	n – ctl region size
	DL RS Locations by Tx Ant

	Configuration
	
	(#ofdm symbols)
	1
	2
	3
	4

	1
	1
	1
	RS
	Punctured
	Data
	Data

	2
	1
	2
	RS
	Punctured
	Control
	Control

	3
	1
	3
	RS
	Punctured
	Control
	Control

	4
	2
	1
	RS
	RS
	Data
	Data

	5
	2
	2
	RS
	RS
	Control
	Control

	6
	2
	3
	RS
	RS
	Control
	Control

	7
	4
	2
	RS
	RS
	RS
	RS

	8
	4
	3
	RS
	RS
	RS
	RS


From Table 1 it is seen that:

· #Tx Ant =1 and #Tx Ant =2 CCH configurations have same mapping in terms of k=4 RE groups (mini-CEs). That is, they have the same #RE groups and RE group locations, for a given n.  
· Configuration sets are CCH configurations with the same mapping and are (1,4), (2,5), (3,6).  

· Configurations 7 and 8 have their own distinct mappings 
· Hence, there are only 5 distinct mappings for the 8 CCH configurations
· PHICH mapping is different for n=3 (i.e. mapped to all 3 control region ofdm symbols) compared to n=1 or 2 [RAN1#49bis WA] (i.e. mapped only to 1st control region ofdm symbol) but configurations 3 and 6 still have the same RE group mapping and are still a configuration set.
3. Downlink L1/L2 Control Channel Invariant Configurations
Figure 4 and 5 show the five possible control channel configurations based on using k=4 QPSK control groups (i.e. mini-CEs) for 5 and 10 MHz LTE FDD carrier.  Control channel elements (CCEs) are constructed from j mini-CEs.  For a CCE of size 36 REs then  j=9 and for a CCE size of 48 REs then j=12.
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Figure 1 – Five CCH configurations for 5 MHz carrier – CCE to RE mapping for CCEsz=36 REs
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Figure 2 - Five CCH configurations for 10 MHz carrier – CCE to RE mapping for CCEsz=48 REs
Table 2 shows the maximum number of downlink (DL) and uplink (UL) UEs that can be scheduled per subframe where each number before “DL” or “UL” represents the number of single CCEs supported.  Typically for 5 MHz the maximum #UEs scheduled per subframe would be set to 6 for DL and 6 for UL such that any additional CCEs beyond 6 would be used to improve control channel detection reliability instead of supporting more UEs per subframe.  For 10 MHz it has been shown [6] that a maximum of 10 UEs scheduled in the DL and 10 UEs in the UL is needed to achieve the maximum spectral efficiency.
Table 2 – Number of DL and UL CCEs or equivalently #UEs schedulable per subframe

	Size of CCH
	5MHz
	10MHz

	Region (#ofdm)
	Ant 1,2
	Ant 1,2,3,4
	Ant1,2
	Ant1,2,3,4

	n=1
	4DL/UL
	
	6DL/UL
	

	n=2
	8DL/4UL
	5DL/4UL
	11DL/8UL
	8DL/6UL

	n=3
	12DL/8UL
	10DL/8UL
	18DL/13UL
	16DL/11UL


4. Conclusions

The five supported downlink (DL) L1/L2 Control Channel CCE-to-RE mapping configurations for the current control channel working assumptions were given for each FDD LTE carrier bandwidth mode {1.4, 3, 5, 10, 15, 20} MHz.  For 5MHz and larger bandwidth FDD carriers at least 12 mini-CCEs should be reserved in the first symbol to help with PCFICH coverage [9] unless the Paging message scheduling assignment is invariant to both control region size (n) and number of DL transmit antennas configured (#TX Antennas).  If invariant then a UE looking for a Page does not need to read PCFICH.  The PHICH allocation was based on the equation

#PHICHs per carrier with NRB resource blocks = 3 x MAX(1, floor((NRB+1)/8))
Finally it is proposed that the scheduling assignment size for format C (MIMO) not exceed the values given in Table 3 in order achieve good L1/L2 control channel  reliability.
Table 3 – Maximum and Targeted Scheduling Assignment/Grant Size for E-UTRA

[image: image3.emf]CCE Size Max Grant Size R Target Grant Size R Format C Grant Size* R BW

(REs) (bits) (bits) (bits) (MHz)

32 48 0.75 43 0.67 44 0.69 1.44

36 54 0.75 48 0.67 52 0.72 5

48 72 0.75 64 0.67 56 0.58 10

60 90 0.75 80 0.67 65 0.54 20


* From examples given in R1-073999
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ANNEX A
1.4, 3, and 20 MHz Control Channel Configurations for n=1,2,3
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Figure 3 – 3 MHz LTE Carrier L1/L2 Control Channel mapping. CCE size is 32 REs.
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Figure 4 – 1.4 MHz LTE Carrier L1/L2 Control Channel mapping.  CCE size is 32 REs.
Note that for 1.4 MHz and 3 MHz LTE carriers a CCE size of 32 REs is used due to the increased power per subcarrier given the same 20 Watt PA is used for 1.4 and 3 as is used for 5 MHz.  
Table 4 – Number of DL and UL CCEs or #UEs schedulable per subframe for 1.4, 3, 20 MHz

	Size of CCH
	1.4MHz
	3MHz
	20MHz

	Region (#ofdm)
	Ant 1,2
	Ant 1,2,3,4
	Ant1,2
	Ant1,2,3,4
	Ant1,2
	Ant1,2,3,4

	n=1
	Insufficient REs for 32 RE CCE
	2DL/UL
	
	10DL/UL
	

	n=2
	4DL/UL
	2DL/UL
	6DL/UL
	8DL/UL
	16DL/14UL
	13DL/10UL

	n=3
	5DL/UL
	2DL/UL
	9DL/4UL
	8DL/4UL
	32DL/18UL
	26DL/17UL
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Figure 5 - 20 MHz LTE Carrier L1/L2 Control Channel mapping.  CCE size is 60 REs.
6. ANNEX A – Mapping Parameters Equations

The following equations determine Mini-CCEs (REGs) per control region ofdm symbol for each CCE given the control channel configuration (size of control region and #TX Antennas) and system bandwidth in RBs.

The number of REs per OFDM symbol i is determined by:
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The number of REGs per OFDM symbol i and the total number of CCEs are determined by:
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The number of unallocable REGs per OFDM symbol i which will then be punctured is determined by:
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Of the total number of useful REGs per OFDM symbol i composing CCEs there are 
[image: image19.wmf]CCE

sz

REGi

N

_

1

_

 REGs of size 
[image: image20.wmf]1

_

sz

REGi

N

 and 
[image: image21.wmf]CCE

sz

REGi

N

_

2

_

 REGs of size 
[image: image22.wmf]2

_

sz

REGi

N

 as determined by:


[image: image23.wmf]n

i

N

N

REG

N

N

CCE

i

punct

sz

REi

q

CCE

REGi

,...,

1

,

/

)

/

(

,

_

_

=

-

=



[image: image24.wmf]ë

û

n

i

N

N

q

CCE

REGi

sz

REGi

,...,

1

,

_

_

1

_

=

=



[image: image25.wmf]é

ù

n

i

N

N

q

CCE

REGi

sz

REGi

,...,

1

,

_

_

2

_

=

=



[image: image26.wmf]n

i

N

N

N

N

N

REG

N

N

sz

REGi

sz

REGi

CCE

sz

REGi

i

punct

sz

REi

CCE

sz

REGi

,...,

1

,

)

/(

)

/

(

1

_

2

_

1

_

,

_

2

_

=

-

×

-

-

=



[image: image27.wmf]n

i

N

N

N

CCE

sz

REGi

CCE

CCE

sz

REGi

,...,

1

,

_

2

_

_

1

_

=

-

=


Where - 

· n – number of ofdm symbols in control region, 

· REGsz=k=4,   
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· w1=1 if #TX Ant >2 else w1=0   and    If n>2 then w3=w2=1 else w3=3, w2=0
· Kant=6 if 1 TX Antenna else Kant=3 if 2 TX Antenna supported for a given symbol
· However Kant=3 for 1 TX antenna given RS1 location puncturing working assumption 

Based on the equations above and assumptions on PHICH allocations the number of CCEs vs. bandwidth for different n and #TX Antennas can be determined as shown below in Figure 1. 
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Figure 6 – Number of CCEs vs Bandwith for different n and #TX Antennas





























































































































































































































































_1250794024.unknown

_1250801637.unknown

_1255104394.unknown

_1255104408.unknown

_1250801966.unknown

_1255104384.unknown

_1250801650.unknown

_1250797003.unknown

_1250801586.unknown

_1250801605.unknown

_1250795059.unknown

_1250795953.unknown

_1250794047.unknown

_1250360475.unknown

_1250793198.unknown

_1250793892.unknown

_1250361558.unknown

_1250359683.unknown

_1250360413.unknown

_1250358526.unknown

_1250359276.unknown

_1250358519.unknown

