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1. Introduction

This contribution proposes the number of control information bits transported for each separately coded downlink L1/L2 control channel and suggests the number of bits per each control field.
2. Estimated L1/L2 Information bits for downlink Separate Coded Control Channel

Information fields and corresponding bit count are given for the proposed downlink L1/L2 control channel formats given in Table 1 below. The ‘Cat0’ information is an optional transport format indicator (TFI) that is broadcast to the edge of the cell (or at least successfully to the scheduled UE with the worst geometry) and can indicate the MCS of separate coded channels or provide way of reducing the number of control channel locations a UE must decode in a given subframe.  If control channel format is not indicated by the TFI, then a UL/DL bit is needed in each CCH to indicate whether a L1/L2 control channel supports a scheduling grant for assigning uplink resources (UL) or is a scheduling request for assigning downlink resources (DL).
Table 1 – Number of information bits for Separate Coded L1/L2 Control Channels
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	Cat1b - DL
	(bits)
	
	Cat1b - UL
	(bits)
	
	

	RA map
	Nrb
	
	RA map
	2x
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	Duration
	2 
	
	Duration
	2 
	
	

	
	
	
	
	
	
	

	Cat2 - DL
	(bits)
	
	Cat2 - UL
	(bits)
	
	

	Multi-Ant
	[0-2]
	
	UL TPC
	[0-2]
	

	Modulation
	2
	
	Modulation
	2
	
	

	Payload
	6
	
	Payload
	6
	
	

	
	
	
	
	
	
	

	Cat3 - DL
	(bits)
	
	Cat3 - UL
	(bits)
	
	

	HARQp
	3
	
	HARQp
	0
	
	

	RV
	2
	
	RV
	2
	
	

	
	
	
	Timing Adv
	[0-1]
	
	

	
	
	
	

	CRC - DL
	16 bits
	
	CRC - UL
	16 bits
	UEID Color Coded CRC


Based on Table 1, equations (2.1-2.3) represent the number of control channel information bits and the corresponding #subcarriers required for scheduled UEs to reliably decode their respective control channel.
Equation 2.1

Nsc_avail = 446 for 5 MHz (LTE.BW=5)     (Nsc_avail = 446 assumed in [5])
            = (600 – (1/3)x300)xLTE.BW/5 – 36ACK/NACKxLTE.BW/5 – TFI.szx9/2
Equation 2.2

Nctl_bits_dlcch = (Nrb + Nduration) + CAT23.sz.dl + CRC.sz
Nctl_bits_ulcch = (2x
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 + Nduration) + CAT23.sz.ul + CRC.sz
Equation 2.3

Nsc_required_separate = 
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MPR(k) = ‘modulation x encoding rate’ of separate control channel for user k
Encoding rate = MIN (0.75, MAX (0.0625, 0.0545 x SINR+0.3706)), SINR in dB
3. Multi-Antenna field and DL MIMO

The multi-antenna field given in the separate control channel field description Tables 1 and 2 can be used to indicate the presence of more than one MIMO stream where the Cat1+2+3 information for other than the primary stream can be included with the data as a separate code word or as part of the primary stream.
4. Minimizing overhead from Downlink Resource Allocation Map (RA map).

For frequency domain scheduling the benefit from using CQI bin bandwidths <360 kHz (24 subcarriers) is not significant when considering realistic CQI feedback. One way to then substantially reduce control overhead is to reduce the RA map size from 
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) based on pairing two 12 subcarrier resource blocks (RBs) to create an effective 24 subcarrier RB. The 2-bit table below enables pairing but still allows resource allocations of 12 subcarrier RBs as well. 
Table 2 – Downlink RA map indicator – 5 MHz carrier example*
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 RA map is for last contiguous set of 
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	2
	RA map indicates 
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 RB pairs and the unpaired RB

	3
	RA map indicates 
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*The Nrb parameter used in Table 2 could be derived from carrier bandwidth or could be a signaled parameter via Layer 3.
5. Conclusions

Information fields and estimated bit count were given for the separate coded control channel. Equations were provided to evaluate the number of subcarriers required to support an estimated information bit count based on a UE’s DL SINR condition. It is possible to reduce resource allocation map overhead by restricting the resource allocation flexibility in a manner that does not impact user and system performance.
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ANNEX A
The downlink L1/L2 control information bits given in Table 6 and 7 are taken from the E-UTRA TR [4]. 

Table 3 - Downlink scheduling information required by a UE 

	
	Field
	Size
	Comment

	Cat. 1
(Resource indication)
	ID (UE or group specific)
	8-9
	Indicates the UE (or group of UEs) for which the data transmission is intended

	
	Resource assignment
	FFS
	Indicates which (virtual) resource units (and layers in case of multi-layer transmission) the UE(s) shall demodulate. 

	
	Duration of assignment
	2-3
	The duration for which the assignment is valid, could also be used to control the TTI or persistent scheduling.

	Cat. 2
(transport format)
	Multi-antenna related information
	FFS
	Content depends on the MIMO/beamforming schemes selected.

	
	Modulation scheme
	2
	QPSK, 16QAM, 64QAM. . In case of multi-layer transmission, multiple instances may be required.

	
	Payload size
	6
	Interpretation could depend on e.g. modulation scheme and the number of assigned resource units (c.f. HSDPA). In case of multi-layer transmission, multiple instances may be required.

	Cat. 3
(HARQ)
	If asynchronous hybrid ARQ is adopted
	Hybrid ARQ process number
	3 
	Indicates the hybrid ARQ process the current transmission is addressing.

	
	
	Redundancy version
	2
	To support incremental redundancy. 

	
	
	New data indicator
	1
	To handle soft buffer clearing.

	
	If synchronous hybrid ARQ is adopted
	Retransmission sequence number
	2
	Used to derive redundancy version (to support incremental redundancy) and ‘new data indicator’ (to handle soft buffer clearing).


Table 4 - Uplink scheduling grant for a UE

	Field
	Size
	Comment

	Resource assignment
	ID (UE or group specific)


	8-9
	Indicates the UE (or group of UEs) for which the grant is intended

	
	Resource assignment
	FFS
	Indicates which uplink resources, localized or distributed, the UE is allowed to use for uplink data transmission.

	
	Duration of assignment


	2-3
	The duration for which the assignment is valid. The use for other purposes, e.g., to control persistent scheduling, ‘per process’ operation, or TTI length, is FFS..

	TF
	Transmission parameters
	FFS
	The uplink transmission parameters (modulation scheme, payload size, MIMO-related information, etc) the UE shall use. If the UE is allowed to select (part of) the transport format, this field sets determines an upper limit of the transport format the UE may select. 
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