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1. Introduction
This document is a summary of the discussions on LTE control signaling taking place on the RAN1 e-mail reflector between RAN1#48 and RAN1#48bis. The discussions focused on downlink control signaling and the following topics were suggested for e-mail discussion in the kick-off e-mail:

· What is the value of k, i.e., is the amount of resources spent on control signaling indicated in every subframe (dynamic) or less often (semi-static)? 

· The flexibility in the downlink scheduling assignment is basically a trade-off between scheduling flexibility/gain and control signaling overhead. Is any combination of resource blocks in the frequency domain allowed, are only consecutive resource blocks allowed, or are there some alternative in between?
· At least two control channel formats are to be supported [note that "format" can be interpreted as both different code rates and as different payload sizes]. How many different code rates do we need (in order to support varying channel conditions)? Do we need different payload sizes, e.g., one for uplink grants and one for downlink assignments?
· Blind detections. How many different control channel candidates is a UE supposed to monitor? 

· Downlink ACK/NAK. An implicit relation is used to point out the downlink resources used for ACK/NAK. Is this relation given by the control channel used to carry the uplink grant or by the uplink resources used for data transmission?
· Downlink ACK/NAK - FDM or CDM or a combination in the downlink?
A separate thread on the control channel structure was also started, see section ‎3.
2. Downlink Control Signaling
The views expressed on the reflector are summarized in the table below. Based on the table, at least two areas seem possible to take a decision upon:

· Support for non-contiguous resource block allocation in the downlink is proposed by almost all companies.
· Most companies acknowledge there will be some form of limitation, i.e., fully flexible allocation may not be necessary.

· Hybrid FDM/CDM of downlink ACK/NAK seems acceptable to most companies.

On the remaining issues, there is no clear situation.

	Company
	Indication of control format
	RB allocation 
	Number of control channel formats?
	Max blind detections per subframe 
	DL ACK/NAK relation
	Mux of DL ACK/NAK

	Alcatel-Lucent
	Dynamic (k=1)
	Non-contiguous
	At least one for UL and one for DL
	
	
	

	Ericsson
	Semi-static
	Non-contiguous
	
	up to ~50
	Uplink RB
	FDM or FDM/CDM

	Huawei
	
	
	2 code rates per payload size,
2 payload sizes
	
	
	

	IPWireless
	
	
	
	
	Uplink RB
	

	LGE
	Dynamic (k=1)
	Non-contiguous
	
	
	Uplink RB
	FDM/CDM

	Mitsubishi
	Dynamic (k=1)
	Non-contiguous
	
	
	Control channel
	

	Motorola
	Semi-static (k=10)
	Non-contiguous
	5
	40 – 60
	FFS
	FDM/CDM or CDM

	NEC
	
	Non-contiguous
	
	
	Control channel
	

	Nokia
	Semi-static
	Non-contiguous
	At most 3 code rates
	up to 60
(up to 20 per OFDM symbol)
	No ACK/NAK needed, given implicitly with scheduling grant
	FDM or FDM/CDM

	Nortel
	Dynamic (k=1)
	Non-contiguous
	At least 3 different code rates,
different payload sizes for UL grant and DL assignment
	
	Uplink RB
	FDM/CDM

	Panasonic
	Semi-static (k=10)
	Non-contiguous
	2 from code rate perspective.
Some more formats for different payload sizes
	16
	FFS
	FFS

	Qualcomm
	Semi-static
	Contiguous virtual RB

(virtual-to-physical mapping indicated on BCH)
	3
Same payload size for UL grant and DL allocation
	
	Uplink RB
	FDM

	Samsung
	Dynamic (k=1)
	Non-contiguous
	
	
	
	FDM/CDM

	TI
	Dynamic (k=1)
	Non-contiguous
	(3
	10-20 (10MHz) - ~scaling for other BWs
	Control channel, 
handling of persistent allocations FFS
	FDM/CDM

	ZTE
	k(10
	Non-contiguous
	
	
	
	


3. Aggregation of Control Channel Elements
A separate e-mail thread on the aggregation of control channel elements to control channels was started in which some basic properties were outlined (shown in italics below). Comments received over the e-mail reflector are listed below the proposals.
The payload may differ on different control channels. For example, UL grants and DL assignments may be of different size.
· At least one company commented that having the same payload size would be preferable.
· It was commented that the message size may be different, depending on the system bandwidth (larger bandwidth ( larger number of RB combinations possible)

Only a single size of the "control channel element" is defined (for a given bandwidth in the cell). This simplifies the overall structure and the reception procedure in the UE.
· No major objections.

Aggregation of control channel elements to form control channels is done in a structured way by aggregating 1, 2, 4, or 8 control channel elements. One possibility to illustrate this is to use a "control channel element tree", somewhat similar to the code tree in WCDMA.
· Some companies saw this as too restrictive, e.g., 3, 5, 6, 7 should also be supported.
· Some companies agreed and pointed out the reduction in decoding complexity is using powers of two.

· One company proposed to support 1, 2, 3, 4, and the largest number (8 in the example), i.e., five different aggregation possibilities. 

Each control channel element is transmitted over all n OFDM symbols used for control signaling in this subframe (i.e., control channel elements are frequency multiplexed). This maximizes coverage and also allows for power balancing between control channels.
· One company preferred to constrain a control channel element to a single OFDM symbol for simplicity. It was commented that, if this is adopted, control channels should be formed by aggregating control channel elements from different OFDM symbols.
A control channel element corresponds to 24/n subcarriers in n OFDM symbols. The exact size can be discussed, but ~24 resource elements with QPSK modulation and rate ~2/3 coding corresponds to ~32 information bits, which appears to be a decent smallest payload size. 

[Editors note: The intention behind the statement is to use all n OFDM symbols in a control channel element; for some values of n the number of subcarriers may differ somewhat between the OFDM symbols. Furthermore, the number 24 should be seen as a ballpark number.]
· Several companies preferred to have a multiple of 12 (the RB size) as the number of resource elements in each OFDM symbol in a control channel element.
· Some companies viewed the number 24 as being too small if a control channel could consist of a single control channel element.

Aggregation of multiple control channel elements can be used to get larger payloads and/or lower coding rate. For example, 8 control channel elements and 32 bit payload would correspond to rate 1/12 coding, which is sufficiently low also for very large cells and/or problematic propagation conditions.
· No objections to the basic principle (although he numbers depends on the final decision)
Mapping of the "control channel elements" to "resource elements" is done in a cell-specific manner to randomize the interference between control channels in different cells. 
· No objections as long as ICIC still is possible.

· Some comments made on what is meant by ‘cell specific manner’ 
