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1 Introduction
This document provides basic analysis and requirements to be used as basis for further detailed discussion on DL Control channel. 

2 Discussion
2.1 Current Status
· A CC type can be used for transmission of one of following information: DL scheduling, UL scheduling, RACH response, Paging scheduling etc. 

· Each CC type is individually encoded. The encoded bits are modulated and transmitted on a group of CCEs in a structured way to allow efficient sharing of TF resource for transmitting CC to different UE. Changing the number of CCEs in a group effectively change the code rate of the CC. 
· Each CCE is a set of PRE which should be distributed over the whole bandwidth to maximize frequency diversity. CCE is transmitted in the first L<=3 OFDM symbols of the sub-frame 
· Node B broadcast the total number of CCEs (M) used for CC transmission every (K) sub-frames. This signalling implicitly informs the “scheduled” UE exactly where to receive CCE and possibly data
. The open issue is granularity of M and frequency K  
· Each UE is configured to receive a set of CCEs on which one or more CC types can be transmitted. The configuration should be semi-statically for e.g. code rate is selected based on long term received SNR. 
· Other independent info such as ACK is also transmitted in the first L<=3 OFDM symbols of the sub-frame

The subsequent sections attempt to address highlighted open issues above. 

2.2 How to define set of PRE in a CCE?
It is desirable to have a simple way to define the set of PRE in a CCE taking into account the facts that 
· There are PRE reserved for cell specific RS in the first 2 OFDM symbols of the sub-frame
· Number of RS symbols may change depending on number of Tx antenna configured
· Position of RS may change due to frequency hopping

Proposal:

· Define 
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 is number of size indices of VCRB.

· Each 
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· 
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 OFDM to maximise benefit from power control. The mapping must be done so that to maximize frequency diversity gain i.e. distributed over the entire system band width.  

· 
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 should be independent from varying 
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 so that varying 
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 is purely related to number of schedule UE and/or coverage i.e. it is desirable that 
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· A CCE 
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 is defined as the set of PRE in a 
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) that can be used for CC transmission. Note that among 
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 PRE, only PRE not used for unicast RS and other purpose can be an element of CCE i.e. size of a CCE can never be larger 
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2.3 What should be structured way to aggregate CCE? 

Proposal: 
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 of different size index 
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 is organised in a tree like structure as shown in example below. 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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Figure 1: VCRB tree, 
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2.4 What should be granularity of M?
Proposal: M=L (i.e. M has granularity of 1 OFDM symbol) seems to be more preferred 
It is because 

–    A granularity of 0.5(0.25) OFDM symbol allows max saving of 3.5(5.3)% system resource for data transmission. 

–    The actual saving can be much lower because data in the first L OFDM symbols is subject to

•    Less power allocation due to power borrowing for fast power control of CCE

•    Strong interference from neighbour cell CCE on data in synch network

•    Degradation of QAM demodulation => negative impact on overall decoding performance of data channel

–    Multiplexing arrangement between data and control can be complicated (MIMO, Tx diversity etc. can be different for data and control) => also UE complexity

–    More signalling overhead 3(4) bits in stead of 2.

2.5 Configured set of CCE to be monitored
Proposal: 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. 
· Reasonable size of the set of CCEs which may carry the CC type
· If UE detects a CC type on a VCRB at current sub-frame, UE knows which VCRB to receive in next sub-frame to get the same CC type i.e. UE does not have to perform multiple decoding to detect the same CC type at every sub-frame.

2.6 How other info such as ACK is also transmitted 
Since CCE is elementary unit for CC transmission, it is natural candidate for transmission of any other additional control information such as ACK (for now) and some other info (in the future). Otherwise, a configurable set of PRE should be set aside for ACK which may unnecessarily set further restriction on definition of the set of PRE for CCE i.e. complicates system design and UE processing.

Proposal: CCE is also used for ACK transmission
3 Conclusion
It is propose to adopt above proposals as working assumption for further DL CC transmission discussion.  
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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

	CCE
	Control Channel Element























































































































� In this case, PRE for data is multiplexed in the same OFDM symbol as PRE for CCE. 
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