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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#47bis and RAN1#48.

In the kick-off e-mail, three topics were explicitly mentioned:

· Indication of the format of the control signaling. Is the indication of format semi-static (e.g., on BCH) or dynamic (cat 0)?

· Coding of cat 1, 2, and 3 to a single UE - all in one codeword or separate coding of cat and cat 2/3? 

· Details on the mapping of control signaling - should FDM or CDM be used? 

As a side-track to the discussions, there were also discussions on transmission of system information and different BCH structures, related to the discussions in RAN1. These views/comments are also summarized below. 

2. BCH structure

The notation of “primary BCH” and “secondary BCH” and, in general, the amount of bits on the BCH transport channel, triggered some discussion:

· To be able to transmit different types of system information with different characteristics, it was concluded that different transport channel  types are needed, sometimes referred to as primary BCH (with a static transport format) and secondary BCH (possibly with a dynamic transport format).

· The information to transmit on the primary and secondary BCH was discussed.

· The information content was concluded to be a pure RAN2 issue.

· With what characteristics the information should be transmitted needs to be discussed jointly between RAN1 and RAN2.
3. Design of L1/L2 control signaling

3.1. Indication of control channel format

Some discussion took place on how often signaling indicating the amount of resources used for control signaling in the cell should be transmitted. Two main alternatives were discussed: dynamic in every subframe (“cat 0”) or on a slower basic (most companies mentioned once per frame using the BCH). The contents of this signaling differed between companies; as a minimum it contained the number of control channels, but it may also contain the format of the control channels and other information related to scheduling.

Proponents of a dynamic updating of the control resources claimed improvements in system throughput (3% and upwards were mentioned) and a reduction in the false detection probability (i.e., one UE erroneously detecting control information intended for another UE). These benefits were questioned by others and concerns on the reliability/coverage of the dynamic cat0 information were raised.

No conclusion was reached.

3.2. Joint or separate coding of cat 1 and cat 2/3?
Different views were expressed. Separate coding largely seems to be motivated by MIMO operation, where the amount of control signaling may increase. 

A proposal to agree on joint coding and, when the MIMO discussion has matured, consider whether the MIMO schemes selected require additional control signaling in the scheduled resource blocks was made. The proposed way forward was questioned by one company.

3.3. Mapping of control signaling

The discussion was mainly related to the mapping of L1/L2 control signaling for scheduling purposes. The mapping of ACK/NAKs transmitted in the downlink was treated separately and not discussed to a great extent.
There seems to be a common understanding that it can be beneficial to randomize the inter-cell interference such that one control channel is not only interfered by one control channel in neighboring cells. Some companies preferred CDM to realize this interference averaging, while most companies preferred FDM with some form of cell-specific randomness in the mapping to resource elements.
	Company
	Indication of control format
	Cat 1 and 2/3 – 
joint or separate coding
	Mapping of control signaling

	Alcatel-Lucent
	Dynamic (cat 0)
	
	

	DoCoMo
	Dynamic (cat 0)
	Separate (depends on MIMO scheme)
	Hybrid FDM/CDM

	Ericsson
	Semi-static (BCH)
	Joint
	FDM

	Huawei
	Semi-static (BCH)
	Joint
If additional control info is required for MIMO, this info is located in the assigned RBs.
	FDM
FFS for ACK/NAK

	KDDI
	Dynamic (cat 0)
	
	Hybrid FDM/CDM

	LGE
	Dynamic (cat 0)
	Separate (depends on MIMO scheme)
	FDM
FDM/CDM for ACK/NAK

	Mitsubishi
	Dynamic (cat 0)
	Separate in two parts:

- fixed in control channel,

- dynamic 
	

	Motorola
	Semi-static (BCH)
	Joint
	FDM
CDM for ACK/NAK

	NEC
	Dynamic (cat 0)
	Separate in two parts:

- fixed in control channel,

- dynamic in assigned RB
	

	Nokia
	
	Joint
	FDM
(maybe CDM for ACK/NAK)

	Nortel
	FFS
	Joint
	FDM
(possibly FDM/CDM)

	Panasonic
	Semi-static (BCH)
	
	Hybrid FDM/CDM or FDM

	Qualcomm
	Semi-static (BCH)
	Joint
	FDM

	Samsung
	Dynamic (cat 0)
	Joint
	FDM
FDM/CDM for ACK/NAK

	TI
	Dynamic (cat 0)
	
	FDM
FDM/CDM for ACK/NAK

	ZTE
	Semi-static (BCH)
	Joint
	FDM
CDM for ACK/NAK



