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1 Introduction
Though it is agreed that each L1/L2 control channel (transport channel) is individually encoded and sent in the first 
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) OFDM symbols, it is not clear yet 
· How many types of control channel (CC) LTE is required to support now and in the future

· How to have simple/future proof system design to handle effectively transmission of various types of CC

This paper discusses current status and basic requirements on transmission of CC. A solution is proposed as unified approach to handle transmission of various types of CC.
2 Discussion

Following types of control information is under discussion 

1. DL scheduling

2. UL scheduling

3. RACH response

4. Paging scheduling

5. ACK for UL packet

6. Overload indicator

7. Cat0  

Common understanding seems to be that each CC of type 1, 2, 3, and 4 above is individually encoded and transmit over a physical downlink control channel PDCCH defined in [1]. Transmission of each CC of type 5, 6, and 7 is under discussion. Because type 1, 2, 3, and 4 CC are expected to occupy most of the physical resource, the discussion below mainly focuses on (but is not limited to) these types.  

From [2], [3], [4] and current status, main requirements for each CC type transmission can be listed as follow
· REQ1: Transmit in the first 
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 can be changed based on number of scheduled UEs and/or coverage

· REQ2: FDM transmission with other CC
· REQ3: Distribute over entire system bandwidth

· REQ4: Can be transmitted with different code rate depending on long term SNR at UE

· REQ5: Power control depending short term SNR at UE 

· REQ6: Randomize inter cell interference

· REQ7: Higher layer signalling is used to inform UE about configuration (transport format and physical mapping) of the set of CC to be monitored (blind detection should be minimized) 
To meet above requirements, following design is proposed

2.1 Design summary
· Define 
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 OFDM symbols are used for CC transmission 
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 is number of size indices of VCRB.

· Each 
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 is a two dimension block of size 
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 measured in number of LRE where 
· 
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 is number of LRE to be mapped in each of the 
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 OFDM => to benefit from (REQ5). 

· 
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 should be independent from varying 
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 (REQ1) i.e. it is desirable that 
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· Each VCRB can be used to carry one CC (REQ2). 

· By transmitting a CC on a VCRB of different size index 
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, different coding rate can be realised (REQ4). It is desirable that 
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 can carry smallest/largest information block at the highest/lowest code rate respectively.  

· 
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 where 
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 is number of PRB in the system bandwidth. Note that each PRB has 12 sub-carriers. It is desirable that 
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 is integer so that all active sub-carriers are fully utilized. 

· If more than one Tx antennas, same 
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 is used for transmission of the same CC over each Tx antennas.
· For each Tx antenna, LRE of each 
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 can be mapped to PRE as follow
· 
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 LRE are mapped to 
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PRE on each of the 
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 OFDM symbols. 

· The mapping is done so that 
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 OFDM symbols are as uniformly distributed over the entire bandwidth as possible to maximize frequency diversity (REQ3). In particular, uniform spacing between PRE is 
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· When 
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The mapping is done so that 
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 PRE on one OFDM symbol are offset in frequency compared to 
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PRE on any other OFDM symbol to maximize frequency diversity (REQ3)

· LRE mapped on PRE reserved for transmission of RS (or some other special CC such as Cat 0) are not available for transmission of the CC. These LRE are called “punctured LRE”. It may be desirable that all 
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 have similar amount of punctured LRE. 

· To reduce UE processing complexity and improve reliability of CC reception, 
· Each UE may be configured to receive one or more CC types. For each CC type, it is desirable that UE is configured to monitor VCRB of only one size index 
[image: image42.wmf]p

 (REQ7). 
· If UE detects a CC type on 
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 to get the same CC type i.e. UE does not have to perform multiple decoding to detect the same CC type at sub-frame 
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 (REQ7).
· To randomize inter cell interference (REQ6) and improve frequency diversity (REQ3), transmission of the same CC type to the same UE should be on different VCRB in different sub-frame i.e. 
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. Obviously, collision between hopping of different UE using different VCRB must be avoided.  
· It is desirable that as many types of CC is transmitted using 
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 as possible. For some very small CC (type 5 for e.g.), multiple CC can be multiplexed on the same 
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. Note that Cat 0 may be an exception as it may be transmitted in the 1st OFDM symbol only
2.2 Example 
2.2.1 VCRB tree 
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Figure 1: VCRB tree, 
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The numbering of VCRB in the tree structure is done so that to facilitate mapping of VCRB on PRE as shown later.

· The tree has 
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 levels with the top being level 
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· At any level 
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 VCRBs. 
· At any level 
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 at the lower level 
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2.2.2 General mapping 
The general mapping is applicable for mapping of LRE on each of the 
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 OFDM symbols.
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 are used in the remaining examples.
Below is example for 1 and 2Tx antenna cases. For 4Tx antenna case, mapping can be developed in the same way.
2.2.2.1 For 1Tx antenna case (or 2 Tx antenna case with CDD) 
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Figure 2: General mapping, 1Tx antenna (or 2 Tx antenna with CDD)
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LRE of a VCRB 
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 of size index 
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 to be mapped in a OFDM symbol 
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 PRE in a OFDM symbol

The mapping between LRE and PRE is
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Where 
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 is a frequency offset applied to OFDM symbol 
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The numbering of VCRB and the mapping has following mean characteristics

· The first element 
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 is mapped on 
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· Uniform spacing between PRE is 
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· Using different 
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 for different value of  
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 create more frequency diversity (see Figure 5).
2.2.2.2 For 2 Tx antennas case with SFBC 
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Figure 3: General mapping, 2 Tx antenna with SFBC
In case of SFBC, LRE of a VCRB 
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 of size index 
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 mapped in a OFDM symbol 
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 are organized in pair as 
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 must be an even number.

The mapping between LRE and PRE is
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Where 
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 is a frequency offset applied to OFDM symbol 
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The numbering of VCRB and the mapping has following mean characteristics

· The first element 
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· Uniform spacing between PRE pair is 
[image: image96.wmf]p

L

K

,

2

. 
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 (even number) for different value of  
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 create more frequency diversity.
2.2.3 Special mapping 
When general mapping is applied for mapping of LRE on a OFDM symbol containing RS, due to 

· RS spacing per Tx antenna is 6  

· 
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 is likely to be multiple of 6 

it may happen that for some VCRB, all LRE to be mapped on the 1st OFDM symbol will be punctured while for other VCRB none of LRE is punctured.

2.2.3.1 For 1Tx antenna case (or 2 Tx antenna case with CDD) 
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Figure 4: Special mapping, 2 Tx antenna with CDD
This is illustrated in the upper part “Without RS grouping” where all 
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If it is desirable that all VCRB 
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 of same size index 
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 has similar number of punctured LRE, mapping “With RS grouping” can be used. The basic step for this mapping is follow

· Form a vector 
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 of size 
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· Perform general mapping between as 
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Forming of first elements correspond to PRE available for CC transmission of 
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 from 
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 can be written in formula for 1Tx and 2Tx case as follow

	Number of Tx antenna
	PRE reserved for RS
	PRE for CC transmission
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[image: image116.wmf](

)

R

n

y

+

6


Where 
[image: image117.wmf]1

2

,...,

1

,

0

-

=

N

n

 and 
[image: image118.wmf]5

0

£

£

R

 is some offset (due to RS shift/hopping)
	
[image: image119.wmf](

)

)

12

mod(

)

1

6

(

)

5

(

N

m

R

n

y

m

n

z

+

+

+

=

+


Where 
[image: image120.wmf]4

,...,

1

,

0

;

1

2

,...,

1

,

0

=

-

=

m

N

n

 



	2
	
[image: image121.wmf](

)

R

n

y

+

3


Where 
[image: image122.wmf]1

4

,...,

1

,

0

-

=

N

n

 and 
[image: image123.wmf]2

0

£

£

R

 is some offset (due to RS shift/hopping)
	
[image: image124.wmf](

)

)

12

mod(

)

1

3

(

)

2

(

N

m

R

n

y

m

n

z

+

+

+

=

+


Where 
[image: image125.wmf]1

,

0

;

1

4

,...,

1

,

0

=

-

=

m

N

n

 


2.2.3.2 For 2 Tx antennas case with SFBC 
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Figure 5: Special mapping, 2 Tx antenna with SFBC

2.2.4 Transmission to multiple UE with frequency hopping
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Figure 6: Transmission to multiple UE with frequency hopping  
In this figure

· There is one CC type for each UE (if sent) in each sub-frame. 

· The size of VCRB for each UE is fixed meaning no change in code rate.

· CC for UE3/UE2/UE4 is sent over 3/2/2 consecutive sub-frames. The transmission follows simple rule that 

· If a CC is sent to a UE in a sub-frame 
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 using VCRB 
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 of size index 
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· Then in the sub-frame 
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,  the same CC type is sent to the same UE using VCRB 
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3 Conclusion
It is proposed to adopt some or all of the followings as working assumption

· Define VCRB as basic unit for transmission of all type of DL CC

· A VCRB is mapped on each of the 
[image: image134.wmf]L

 OFDM symbols. 

· The mapping in each OFDM symbol is distributed over entire system bandwidth 

· The mapping between OFDM symbols are offset in frequency 

· In general, each control channel (regardless of type) is individually encoded and transmitted on a VCRB with different size to realise multiple code rate and power control. 
· The size of a VCRB should be independent form 
[image: image135.wmf]L


· The number of different sizes should be limited 
· Large size should be integer multiple of smaller sizes
· For some very small CC (type 5 for e.g.), multiple CC can be multiplexed on the same VCRB. Note that Cat 0 may be an exception as it may be transmitted in the 1st OFDM symbol only
· Same VCRB is used on multiple Tx antennas for transmission of the same CC
· To reduce UE processing complexity and improve reliability of CC reception, 
· Each UE may be configured to receive one or more CC types. For each CC type, it is desirable that UE is configured to monitor only one code rate i.e. only one size VCRB. 
· If UE detects a CC type on a VCRB at sub-frame 
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, UE knows which VCRB to receive in sub-frame 
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 to get the same CC type i.e. UE does not have to perform multiple decoding to detect the same CC type at sub-frame 
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.
· Frequency hopping between sub-frames should be used for transmission of a CC type to the same UE. Collision between hopping of different UE using different VCRB must be avoided.
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5 Annex

	RE
	Resource element 

	LRE
	Logical RE

	PRE
	Physical RE

	RS
	Reference signal

	RB
	Resource block

	DL
	Downlink

	FH
	Frequency hopping

	VCRB
	Virtual Control Resource Block

	FDM
	Frequency Division Multiplexing

	CC
	Control Channel
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Figure 5: General mapping of VCRB on OFDM symbols with different offsets
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