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1. Introduction

This contribution proposes how many control information bits are transported in a jointly coded downlink (DL) L1/L2 control channel or for each separately coded DL L1/L2 control channel.
2. Estimated L1/L2 Information bits for DL Joint Coded Control Channel
The proposed DL L1/L2 control information bit fields and bit field lengths for the jointly coded case are given in Table 1. Cat0 information consists of a transport format indicator (TFI) that is broadcast to the cell edge and can indicate the MCS of the jointly coded Cat1, 2, 3 information and/or the number of DL and UL UEs being scheduled per TTI.  For improved efficiency several joint coded regions are possible; one for UL information, another for DL information and possibly another for a worst case CQI (cell edge) user. 
Table 1 – Number of information bits for Single DL Joint Coded L1/L2 Control Channel

	Cat0
	(bits)
	
	
	
	
	

	TFI
	4
	
	
	
	
	

	
	
	
	
	
	

	Cat1a - DL
	(bits)
	
	Cat1a - UL
	(bits)
	
	

	UEID
	(16 x Nue_dl)
	
	UEID
	(16 x Nue_ul)
	UEID = UID:LID

	UID
	(9 x Nue_dl)
	
	UID
	(9 x Nue_ul)
	UID in-band

	LID
	7 x Nue_dl
	
	LID
	7 x Nue_ul
	LID in L1/L2 CCH

	
	
	
	
	
	
	

	Cat1b - DL
	(bits)
	
	Cat1b - UL
	(bits)
	
	

	RA map
	Nrb x S-ID.sz
	
	RA map
	Min (Nue_ul, 2) x Nrb
	UL: RTI + NBI map

	Duration
	2 x Nue_dl
	
	Duration
	2 x Nue_ul
	
	

	SDMA map
	Npair
	
	MU-MIMO map
	Npair
	Npair size sent by L3

	
	
	
	
	
	

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

	Multi-Ant
	[0-2] x Nue_dl
	
	UL TPC
	[0-2] x Nue_ul
	

	Modulation
	2 x Nue_dl
	
	Modulation
	2 x Nue_ul
	
	

	Payload
	6 x Nue_dl
	
	Payload
	6 x Nue_ul
	
	

	
	
	
	
	
	
	

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

	HARQp
	3 x Nue_dl
	
	HARQp
	0 x Nue_ul
	
	

	RV
	2 x Nue_dl
	
	RV
	2 x Nue_ul
	
	

	
	
	
	Timing Adv.
	[0-1] x Nue_ul
	
	

	
	
	
	

	CRC
	16 bits
	
	
	
	
	


Note: it is assumed that DL distributed allocations are supported via layer 3 and are in fixed RB locations.
A description of the different ID types and maps for a Joint Coded control channel is given in Annex A along with ID and map examples for a given UEID/LID list. Based on Table 1 and Annex A, equations (2.1-2.3) below represent the estimated number of control channel information bits and subcarriers needed for reliable decoding. Note the Cat0 field may not be needed for certain blind detection techniques.
Equation 2.1

Nsc_avail = 446 (assumes TDM using first two OFDM symbols but also used in our FDM analysis)
            = (600 – (1/3)x300)xLTE.BW/5 – 36ACK/NACKxLTE.BW/5 – TFI.szx9/2
Equation 2.2

Nctl_bits = UE/LID.sz x Nue.tot + (Nrb x S-ID.sz + Min (2, Nue.ul) x Nrb+ Npair+ Nduration) +
                                       CAT23.sz.dl x Nue.dl + CAT23.sz.ul x Nue.ul + CRC.sz)
Equation 2.3

Nsc_required_joint = 
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,  MPR(i) is ‘modulation x encoding rate’ of ith region
Encoding rate = f (SINR of worst case UE(s) scheduled in subframe)
Encoding rate = MIN (0.75, MAX (0.0625, 0.0545 x SINR+0.3706)), SINR in dB
3. Estimated L1/L2 Information bits for DL Separate Coded Control Channel

The downlink L1/L2 control information bits for the separate coded control channel case are given in Table 2. The Cat0 information is an optional transport format indicator (TFI) that is broadcast to the edge of the cell 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.  Otherwise a UL/DL bit is needed in each CCH.
Table 2 – Number of information bits for a DL and UL Separate Coded L1/L2 Control Channels
	Cat0
	(bits)
	
	
	
	
	

	TFI
	4
	
	TFI Optional – UE complexity vs. blind detection

	
	
	
	
	
	
	

	Cat1a - DL
	(bits)
	
	Cat1a - UL
	(bits)
	
	

	UEID
	0
	
	UEID
	0
	

	
	
	
	
	
	
	

	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 2 the following equations (3.1-3.3) represent the number of control channel information bits and the corresponding subcarriers required for scheduled UEs to reliably decode their respective control channel.
Equation 3.1

Nsc_avail = 446 (assumes TDM using first two OFDM symbols but also used in our FDM analysis)
            = (600 – (1/3)x300)xLTE.BW/5 – 36ACK/NACKxLTE.BW/5 – TFI.szx9/2
Equation 3.2

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 3.3

Nsc_required_separate = 
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MPR(k) = ‘modulation x encoding rate’ of separate control channel for user k
(Note: if no TFI then numerator would be Max(Nctl_bits_dlcch, Nctl_bits_ulcch) to avoid UE complexity)
Encoding rate = MIN (0.75, MAX (0.0625, 0.0545 x SINR+0.3706)), SINR in dB
4. Multi-Antenna field and DL MIMO

The multi-antenna field given in the joint and 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.
5. Conclusions

The information fields and the estimated information bit count was shown for the DL L1/L2 Joint coded control channel and the Separate coded control channel cases. 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. 
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ANNEX A
Joint Coded Control Channel Assumptions

A description of different ID types and maps used by the Joint Coded control channel is given in Table 3 with corresponding examples of ID and Map use for a given UEID (or LID) list shown in Tables 4 and 5.

Table 3 – Channel ID and Map description for Joint Coded Control Channel

	ID types
	Description
	Control Channel Use

	UE ID

(UEID) or (LID)
	16 bit UE unique id assigned by higher layers. 
	Composed of upper (UID) and lower ID (LID).  UEID/LID order in UEID/LID list implicitly indicates information or other IDs

DL UID sent with DL data payload 

UL UID sent with UL data payload or used to color code UL payload CRC

	Short ID

 (S-ID)
	S-ID implicitly assigned based on UEID/LID list order and SDMA or MU-MIMO pair order map info.

S-ID size=
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 bits
	ID to indicate DL RB assignment via RB assignment map. Two S-IDs are reserved; one to indicate unassigned RBs and another to serve as paging indicator.

	Order ID

 (O-ID)
	O-ID implicitly assigned based on list order of UEID (or LID)

#O-IDs downlink =
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 + 2
	Indicates order of assignment in Cat2/3 list

No S-ID is assigned to second member of SDMA or MU-MIMO pair.

	SDMA or MU-MIMO map

 (P-MAP)
	Bit map indicating whether successive pairs of UEID (or LID) are assigned same RBs

Map size (Npair)= 3 x BWc/5 bits

BWc – carrier bandwidth in MHz
	Npair bit map:

‘1’ – indicates UEID/LID pair share same RBs and hence same S-ID.

‘0’ – indicates UEID/LID pair do not share same RBs in which case the S-IDs of the respective pair members are each used in the RB assignment map.

	Resource Block Assignment Map
	S-ID list with Nrb entries indicates DL RB assignment. 
	Non-consecutive RB allocations for each UE are supported based on list of Nrb S-IDs

	RTI map
	Bit map indicating UL RB assignment. Consecutive per user RB allocations only.
	String of Nrb bits which toggle between ‘1’ and ‘0’ to indicate each UE’s RB assignment based on list of O-IDs and P-MAP

	NBI map
	Map indicates unassigned UL RBs.
	Bit map of size Nrb with ‘1’ indicating assigned and ‘0’ indicating unassigned RBs


Table 4 – DL ID and MAP example for Joint Coded Control Channel and 5MHz carrier

	UE ID
	O-ID
	S-ID
	P-MAP
	Comment

	UEID1
	0
	000
	1
	P-MAP indicates 1,2 pair share same RBs

	UEID2
	1
	
	
	

	UEID3
	2
	010
	1
	P-MAP indicates 3,4 pair share same RBs

	UEID4
	3
	
	
	

	UEID5
	4
	100
	0
	P-MAP indicates different RBs assigned 5,6

	UEID6
	5
	101
	
	

	NULL
	6
	110
	
	Indicates non-assigned RB in RB map

	Paging
	7
	111
	
	Indicates RB is assigned for paging message

	UEID7
	8
	001
	
	S-ID assignment conditioned on P-MAP use

	UEID8
	9
	011
	
	S-ID assignment conditioned on P-MAP use


Table 5 – UL ID and MAP example for Joint Coded Control Channel and 5MHz carrier

	UE ID
	O-ID
	RTI
	P-MAP
	Comment

	UEID1
	0
	1st run
	1
	P-MAP indicates 1,2 pair share same RBs

	UEID2
	1
	
	
	

	UEID3
	2
	2nd run
	1
	P-MAP indicates 3,4 pair share same RBs

	UEID4
	3
	
	
	

	UEID5
	4
	3rd run
	0
	P-MAP indicates different RBs assigned 5,6

	UEID6
	5
	4th run
	
	

	UEID7
	6
	5th run
	
	

	.
	7
	.
	
	

	.
	8
	.
	
	


ANNEX B
CRC size for Separate and Joint Coding

HARQ buffer corruption could affect separate versus joint coding. A buffer can be corrupted if a control channel is decoded in error, and the CRC does not detect the error (say (1e-2) x 2- #crcbits). A buffer can also be corrupted if a potential control channel is decoded, and the CRC passes. Assuming no additional UEID bits other than checking CRC passing and not accounting for degradation in CRC performance due to masking with UE ID, buffer corruption = 2- #crcbits for each potential location. If no control allocation is present, the probability of corruption is approx (#potential_locations) times higher for separate coding. If there are 12 potential locations, that separate coding needs at least 4 more CRC bits on each of the CRCs than if the UE knew exactly where to find their control channel. The number of potential locations may also increase with larger bandwidths, with the largest bandwidth the limiting factor for CRC design.

ANNEX C
The downlink L1/L2 control information bits given in Table 6 and 7 are taken from the E-UTRA TR [4]. 

Table 6 - 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 7 - 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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