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1. Introduction
Between RAN1#48bis and RAN1#49, an e-mail discussion on downlink control signaling took place with more than 60 e-mails on the topic being sent to the reflector.

The list of discussion topics in the kick-off e-mail included

· How should the control channel elements (CCEs) be mapped to resource elements (REs)? At RAN1#48bis, one possibility was outlined in R1-071576, resulting in each CCE spanning the full bandwidth and using a cell-specific permutation. Some companies expressed concerns related to the possibilities for interference coordination/frequency planning of the CCEs between cells. At the same time, some form of randomization in the mapping between cells is beneficial for reuse one.

· How should the concerns above be addressed? 

· If cell-specific permutation is used, what properties should it have (and how should it be defined)? Depending on the structure selected above, the definition of the CCE size (are "all" or only "useful" REs included in the CCE size) will become clearer.

· The inclusion of a dynamic cat0 was agreed at RAN1#48bis. These bits indicate (at least) the amount of resources in a subframe used for control signaling but it is not yet clear how and with what granularity.

· Should the interpretation of cat0 be configurable (e.g., cat 0 indicates one of four different alternatives for the control signaling) or should the interpretation be hard coded in the specifications (e.g., 1, 2, or 3 OFDM symbols for control)?

· What should the granularity of the adjustable control signaling overhead be? An integer number of OFDM symbols or should a smaller granularity be supported?

· How is the RB allocation in the downlink signaled? It was agreed that non-contiguous allocation of physical RBs should be supported, but   the details are open. Using a full bitmap to support any combination of RBs is not feasible (>100 bits for 20 MHz allocation) and some form of constraints are needed.

· How should the downlink ACK/NAKs be associated to the uplink transmissions? This is basically the same issue as mentioned in the uplink control signaling thread.

.

2. Discussion

2.1. CCE-to-RE mapping
Support of randomization for reuse-one seems non-controversial. Most companies seem to agree to additionally have a mapping that allows for some form of coordination between cells.

A proposal on such a mapping scheme was provided on the reflector by Ericsson, triggering some discussion on the topic. Most of the discussions were related to whether the concept of ‘virtual RBs’ is needed in the description of the CCE-to-RE mapping or not. Making the mapping dependent on the cell ID was suggested although no decision was taken whether this is necessary or not. It was pointed out that the mapping should be aligned with the RB structure used for data transmission. Thus, it seems possible to agree on a structure after some further discussions to clarify the terminology.

Discussions whether multiple mapping structures should be defined, one for the case the network is relying on randomization and another if the network is relying on coordination, took place. One argument made in favor of multiple mapping structures was that dividing the total bandwidth into smaller ‘regions’ and map a CCE to only a subset of the ‘regions’ may negatively impact the randomization performance and therefore multiple mapping structures is motivated. It was commented that this would require the network to explicitly signal to the UE the mapping structure used, which would complicate the design; a single structure supporting both is therefore preferable.

It was also commented by some companies that making the CCE-to-RE mapping transparent to the number of reference signals present is preferable.

2.2. cat0

Two aspects of cat0 were discussed: whether it is possible to configure the interpretation of cat0 and the granularity in the signaling.

On the granularity, some companies preferred to restrict the control signaling to an integer number of OFDM symbols. The arguments in favor of this were fewer complications in terms of setting of the power levels (especially related to ‘boosting’ of reference symbols) and simpler coexistence with MBSFN subframes. However, there were also companies arguing in favor of not restricting the granularity to an integer number of OFDM symbols.

On the possibility for configuring the interpretation of cat0, there were (no surprise() proponents for both possibilities.  The issue on how to configure the interpretation was raised; if the “dynamic BCCH” is mapped to the DL-SCH, the configuration information must reside on the “primary BCH”.
Discussions on explicit vs implicit signaling of cat0 information took place. In case of explicit signaling, cat0 needs to be located in the first OFDM symbol only as the size of the ‘control region’ is not known to the UE until the cat0 information is decoded.  Implicit signaling, i.e., including the cat0 information into one of the control channels,  was mentioned as an alternative. No conclusion was taken.
	Company
	Granularity
	Configurable or not

	Samsung
	CCE-based
	Not configurable

	Mitsubishi
	
	Not configurable

	NEC
	Integer OFDM symbols
	

	Motorola
	Integer OFDM symbols
	Not configurable

	Nortel
	CCE-based
	Configurable

	LG Electronics
	1, 2 OFDM symbols, rest FFS
	Not configurable

	Panasonic
	CCE-based
	Not configurable

	Nokia, Nokia-Siemens
	Integer OFDM symbols
	FFS

	Texas Instruments
	CCE-based
	Configurable


2.3. Mapping of ACK/NAK to REs

To simplify the structure it was proposed by several companies to map the ACK/NAK (if used) to REs using the same structure as for the control channel. However, it was pointed out that this may not be in line with the agreement from Malta, were an hybrid FDM/CDM approach for the ACK/NAK were agreed.

2.4. Misc

Some discussion on always using 3 OFDM symbols for control signaling took place with the argument that this would result in a cleaner structure. It was commented that this approach is not in line with the Riga compromise and also would complicate power setting and coexistence with MBSFN subframes.

