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1. Introduction
Uplink control signaling can be categorized into

· Data-associated  control signaling (transport format indication, new data indicator)
· Data-non-associated control signaling (ACK/NAK, CQI, etc)
The basic design for transmission of data-non-associated control signaling was decided upon at RAN1#46bis and can be summarized as follows:

· In presence of uplink data transmission, control and data from a UE are time multiplexed prior the DFT. 

· In absence of uplink data transmission, control is transmitted on a reserved frequency region.

To finalize the design, a discussion took place on the reflector. The discussion is summarized below.

2. Discussion

2.1. Data-non-associated uplink control signaling

In absence of data transmission, it has been agreed to use a reserved frequency region for this signaling. However, how to share this resource between multiple users (both intra- and inter-cell) simultaneously transmitting ACK/NAK and CQI, remains to be agreed upon. The two main candidates for multiple access seems to be
· sharing in the frequency domain, i.e., each UE is assigned a unique set of "subcarriers"

· sharing in the code domain, i.e., each UE is assigned an (orthogonal) code 

Further issues were a decision is required include
· multiplexing of ACK/NAK, CQI (and any other signaling) from the same UE? [Obviously this question is only relevant if there are multiple pieces of control signaling information transmitted at the same time.]

· reference signal structure for transmission of data-non-associated control signaling? 
The views expressed are summarized in the table below.

Way forward
The following way forward is proposed by the e-mail discussion moderator:

1. TDM between ACK/NAK and CQI when they are transmitted simultaneously from a single UE

2. To handle coverage-limited situations, it should be possible to use the full 1 ms subframe for ACK/NAK before starting to repeat ACK/NAKs in multiple subframes.
3. Code-domain multiple-access between UEs simultaneously transmitting control signaling.
	Company
	Multiple access
	Mux within a UE
	Reference signals
	Misc

	Alcatel-Lucent
	Code domain
	TDM
	Similar to PUSCH but further analysis needed.
	

	DoCoMo
	Code domain (frequency domain considered as complement)
	TDM
	2 LB per slot to improve channel estimation
	

	Ericsson
	Code domain (but further studies needed)
	TDM
	
	

	ETRI
	Code domain
	TDM
	CQI uses same structure as for data.

FFS for ACK/NAK.
	

	InterDigital
	Frequency domain (code domain considered as a complement)
	
	
	

	KDDI
	Code domain
	
	
	

	Motorola
	FFS
	
	
	CDM of scheduling request from multiple UEs

	Nokia
	Code domain
(within RB)
	TDM
	
	

	Nortel
	Code domain (within RB)
	CDM
	
	

	Qualcomm
	Hybrid frequency domain/code domain (within RB) pending analysis 
	Should maintain single-carrier properties.
	Similar to PUSCH but further analysis needed.
	

	Samsung
	Code domain
(within RB)
	TDM (tentatively)
	FFS
	

	TI
	Code domain
	TDM
	CQI uses same structure as for data.

No reference signal for ACK/NAK.
	

	ZTE
	Code domain
	TDM
	
	


Data-associated uplink control signaling
One question was put forward for discussion: 
· Is there a need for any data-associated control signaling (transport format indication, new-data indicator)? 
The views expressed are summarized in the table below.

Way forward
The following way forward is proposed by the e-mail discussion moderator:

1. No data-associated uplink control signaling is used.

Some companies raised concerns on this proposal and proposed to further study the need for a new-data indicator (NDI), especially in conjunction with persistent scheduling.

	Company
	Need for data-associated UL control signaling

	Alcatel-Lucent
	Not needed.

	DoCoMo
	Not needed.

	Ericsson
	Not needed.

	ETRI
	Not needed.

	InterDigital
	FFS

	LG
	Use of NDI is FFS.

	Mitsubishi
	Use of NDI is FFS.

	Motorola
	Not needed

	Nokia
	Not needed

	Nortel
	Not needed

	Qualcomm
	Not needed.

	Samsung
	Use of NDI is FFS.

	TI
	FFS

	ZTE
	Not needed.


2.2. Downlink control signaling (for scheduling)

In Riga, it was agreed that control signaling is located in the first m OFDM symbols of a subframe, where m<=3. However, several details remain to be agreed upon:
· The frequency-domain structure of each control channel. Is the bandwidth of each control channel equal to the system bandwidth (e.g., 1.25 MHz or 20 MHz) or are multiple control channels, each occupying a fraction of the system bandwidth, used?

· How is the multiple control channel formats handled and what update rate is required? Signaled via "cat 0" in each subframe (dynamic), or on a slower basis e.g. on BCH (semi-static)?
· Handling of cat 1 and cat 2/3? Are all categories of information destined for a single UE put in one code word (cat 1/2/3) or is cat 1 and cat 2/3 coded separately?
The views expressed are summarized in the table below. 

Way forward
The following way forward is proposed by the e-mail discussion moderator:

1. The bandwidth of the downlink control channel is equal to the system bandwidth (i.e., the bandwidth over which the reference signals can be transmitted in a cell)
	Company
	Bandwidth
	Indication of format
	Coding of cat 1/2/3
	Misc

	Alcatel-Lucent
	Equal to system bandwidth
	Dynamic
	FFS
	Fixed payload size on each control channel

	DoCoMo
	Equal to system bandwidth
	Semi-static MCS, dynamic indication of #channels
	Separating cat 1/2/3 into two parts.  Possibly additional cat2/3 for MIMO
	

	Ericsson
	Equal to system bandwidth
	Semi-static (on BCH)
	All info in one code word
	

	ETRI
	Equal to system bandwidth
	Dynamic
	FFS
	

	Huawei
	Equal to system bandwidth
	Semi-static
	FFS
	

	InterDigital
	Equal to system bandwidth
	Semi-static (on BCH)
	All info in one code word
	

	KDDI
	
	Dynamic, possibly semi-static MCS
	
	

	LG
	Equal to system bandwidth (localized in addition FFS)
	Semi-static MCS, dynamic indication of #channels
	Cat 1 and cat 2/3 separate
	Only QPSK, several coding rates

	Motorola
	Equal to system bandwidth
	Semi-static
	All info in one code word
	Multiple formats created by aggregation of several control channels.

	NEC
	Equal to system bandwidth
	Dynamic (cat 0)
	Cat 1 and cat 2/3 separate
	

	Nokia
	Equal to system bandwidth
	Both semi-static and dynamic (cat 0) feasible
	All info in one code word
	

	Nortel
	Frequency diversity is important
	FFS
	All info in one code word
	

	Panasonic
	Configurable, 
( system bandwidth
	
	
	

	Qualcomm
	
	Semi-static (on BCH)
	All info in one code word
	

	Samsung
	Equal to system bandwidth
	Dynamic (cat 0)
	Cat 1 and cat 2/3 separate
	

	TI
	Equal to system bandwidth
	Dynamic
	FFS
	

	ZTE
	Equal to system bandwidth
	Semi-static
	
	


Note: Some companies interpreted the decision from Riga as ‘all info in one code word’ has already been agreed upon, while others had the view that the issue still is under discussion.

2.3. Downlink ACK/NAK (in response to UL transmission) 

How are the ACK/NAKs in the downlink transmitted?
· Multiplexing of ACK/NAKs to different UEs? Is it done in the code domain, in the frequency domain, or in some other way?
The views expressed are summarized in the table below.

Way forward
It was proposed to agree on FDM as the basis for ACK/NAK multiplexing in the downlink. However, not all companies were ready to accept this proposal. Better interference randomization and simpler power sharing between different ACK/NAK channels were brought forward as arguments for having a CDM component as well.

	Company
	Multiplexing scheme

	DoCoMo
	CDM

	Ericsson
	FDM

	ETRI
	Hybrid FDM/CDM

	InterDigital
	FDM

	KDDI
	Hybrid FDM/CDM

	LG
	CDM

	Motorola
	Orthogonal CDM

	NEC
	Hybrid FDM/CDM

	Nokia
	FDM

	Nortel
	FDM

	Qualcomm
	FDM

	Samsung
	Hybrid FDM/CDM

	TI
	Hybrid FDM/CDM

	ZTE
	FDM


