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1. Introduction

This contribution proposes control field types and sizes for a separately coded downlink L1/L2 control channel (similar to [4]).  A reduced resource allocation (RA) map is proposed especially for large bandwidths.  Selectable efficient control channel formats are proposed for multi-stream operation.
2. Estimated L1/L2 Information bits for downlink Separate Coded Control Channel

DL L1/L2 control channel information fields and sizes are proposed in Table 1 below. The ‘Cat0’ information, currently assumed to be at most 2-bits and represent the number of ofdm symbols in the control region (n), must reach the scheduled UE with the worst geometry and is transmitted in the first ofdm symbol of every subframe.
Table 1 – Example of Definition and Sizing of Separate Coded L1/L2 Control Channel fields
	Cat0
	(bits)
	
	
	
	
	

	nCE
	[2]
	
	( Coded separately and broadcast intended for schedulable UEs

	
	
	
	
	
	
	

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

	UEID
	0
	
	UEID
	0
	See CRC

	
	
	
	
	
	
	

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

	RA map**
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	As in [7]

	Duration
	[0-2] 
	
	Duration
	[0-2] 
	Duration field Needed?

	
	
	
	
	
	
	

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

	Multi-Ant
	[0-3]
	
	UL TPC
	[2-3]
	Power control correction

	MCS
	[4-8]
	
	MCS
	[4-5]
	4-bits per code word is ok [8]

	
	
	
	
	
	
	

	Cat3 – DL
	(bits)
	
	Cat3 – UL
	(bits)
	
	

	HARQp
	3
	
	MU-MIMO***
	[0-2]
	

	RVI + NDI
	2
	
	
	
	

	Distributed*
	[0-1]
	
	Intra-TTI FH
	[1]
	Also use L3 signaling

	
	
	
	

	CRC – DL
	16 bits
	
	CRC – UL
	16 bits
	UEID/GID Color Coded CRC


* Distributed bit can be indicated by RA map along with distributed resource block assignment (RBs and index indicating which REs are assigned in each distributed RB).  Some of this information can be alternatively signalled via Layer 3.  
** Approach 1: ko =2 for 2.5, 5, 10 MHz LTE carriers and ko=3 for 15, 20MHz LTE carriers; NMT=2 or 3
*** Indicates to MU-MIMO UE which ACK/NACK bank to use and which uplink reference symbol format to use for MU-MIMO user.  MU-MIMO information could otherwise be signalled via Layer 3.  Note given a bit on L1/L2 control channel then MU-MIMO ACK/NACK bank can be inserted dynamically as needed by replacing CCEs or mini-CEs as described in [6].
3.  Multi-Antenna field and DL MIMO

The multi-antenna field given in Table 1 can indicate the presence of more than one MIMO stream where the Cat1+2+3 information for other than the primary stream (HARQ channel) can be included with the data as a separate code word. Alternatively, the multi-antenna field could indicate the multi-stream operation state (2 streams e.g.) and CCH format (see details in Annex A).
4. Minimizing overhead from Downlink Resource Allocation Map (RA map)

The FD scheduling benefit for CQI bin bandwidths <360 kHz (24 subcarriers) is not significant when considering realistic CQI feedback. Reduced control overhead is then obtained by reducing the RA map size from 
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) based on pairing contiguous 12 subcarrier RBs and using a table like Table 2 below. Both allocations with RB pairing and single 12 subcarrier RB granularity are supported.
Table 2 – Downlink RA map type indicator – 5 MHz carrier example*

	00
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	RA map indicates 
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 RB pairs and any unpaired RB

	11
	Distributed: RA bitmap for top, middle, and last 
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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.
More details on this technique are given in Annex B. A different technique is also described in Annex C. Note that a tree approach supporting contiguous allocations can also be one of the downlink RA map types
5. Conclusions

Information fields and estimated bit count were given for DL L1/L2 separate coded control channels. RA map reduction techniques restricted resource allocation flexibility in a manner that does not significantly impact user and system performance.  Multi-Antenna field can be used either to include explicit control information for multiple MIMO codewords, or to indicate existence of embedded control information for auxiliary codewords in the data region.  It is proposed that - 

- The dynamic DL L1/L2 control field definition and sizing given below in ANNEX A be accepted
- A RA map reduction approach with performance and overhead as good as Approach 1 or 2 be accepted
- L1 (3-bits) or L3 signaling be used to indicate changes to multi-stream operation and related CCH format

- Quantize MCS information so single stream and multi-stream CCH payloads are the same and <=48 bits.
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ANNEX A – Proposed Non-Persistent DL L1/L2 Control Channel Grants


[image: image11]
Overhead from precoding is [x]% and not included in the CCH for the uncoded case using dedicated pilots in which case there is no difference between Multi-stream format I and II.  If it is desirable to include the precoding vector in the downlink control channel payload then layer 3 signaling can be used to indicate to a UE (at call setup e.g.) if this info will be in its downlink scheduling grant in order to minimize the number of different formats it must blindly detect.
Table A1 below gives the proposed control channel grant fields and sizes for single stream format.
Table A1 – Proposed L1/L2 Control Channel field definitions for the single stream format
	Cat1b - DL
	(bits)
	
	Cat1b - UL
	(bits)

	RA map
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	Cat2 - DL
	(bits)
	
	Cat2 – UL
	(bits)

	# Tx Ant (reserved)
	1
	
	
	

	MIMO Mode
	2
	
	UL TPC
	3

	MCS
	4
	
	MCS
	4

	Reserved
	4
	
	Reserved
	2

	
	
	
	
	

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

	HARQp
	3
	
	
	

	RVI + NDI
	2
	
	
	

	Distributed
	0 (in RA map)
	
	Intra-TTI FH
	1

	
	

	CRC - DL
	16 bits
	
	CRC - UL
	16 bits


The downlink RA map size 
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 is upper bounded by {6, 12, 16, 29, 30, 38} for LTE bandwidth modes {1.25, 2.5, 5, 10, 15, 20} MHz. Note that the multi-antenna field in Table 1 includes two parts: (1) The MIMO Mode informs the multi-stream/multi-code word operation mode as well as the length of MCS field (One possible definition is given in Table A2). (2) The #Tx Ant field is 1 bit which is reserved for single stream format, and indicates 2 or 4 transmit antennas for multi-stream format. Either MIMO Mode or #Tx Ant field (or both) can be placed in L3 signaling since the MIMO mode only needs to be indicated semi-statically. 
Table A2 – MIMO Mode field definition in Table A1

	MIMO Mode (2 bits)
	

	00
	Single Transmit Antenna

	01
	MIMO / Multi-code word (multi-stream CCH format I)

	10
	Precoding / Multi-code word (multi-stream CCH format II)

	11
	CL Tx Diversity 


Table A3 below gives the proposed CCH grant fields and sizes for multi stream/multi-code word format.
Table A3 – Proposed L1/L2 CCH field definitions for the multi stream/multi-code word DL format
	Cat1b – DL
	(bits)
	
	Cat1b - UL
	(bits)

	RA map
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	Cat2 – DL
	(bits)
	
	Cat2 – UL
	(bits)

	# Tx Ant
	1
	
	UL TPC
	3

	MIMO Mode
	2
	
	MCS
	4

	Joint MCS Table
	8
	
	Reserved
	2

	
	
	
	
	

	Cat3 – DL
	(bits)
	
	Cat3 – UL
	(bits)

	HARQp (both cw)
	3
	
	
	

	RVI + NDI (both cw)
	2
	
	
	

	Distributed
	0 (in RA map)
	
	Intra-TTI FH
	1

	
	

	CRC – DL
	16 bits
	
	CRC - UL
	16 bits


Example - 5MHz: Assuming that the #Tx Ant field is in L3 signaling. The CCH format change is indicated by a 2-bit MIMO Mode field in the L1/L2 control channel itself but L3 signaling could instead be used. Given 
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(5 MHz) = 15 bits then Nctl_bits_dlsg= 46 bits and Nctl_bits_ulsg= 36 bits 
ANNEX B – Reduced RA Map Approach I
A method for reducing the RA map used in downlink L1/L2 control signaling is described in Tables 3 and 4 and given by equation B1 below.  A significant overhead reduction is obtained without significant loss in flexibility and no significant performance loss is expected from FDS given realistic feedback.
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Where  
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 – #bits in bitmap used to address 12 sc RBs or combined RBs (24 or 36 subcarriers)
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Table 3 – Addressing for Reduced Resource Allocation Map Approach I
	
	LTE Carrier BW mode

	
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Nrb
	6
	12
	25
	50
	75
	100

	Nbm
	6
	6
	13
	25
	25
	34

	NMT
	1
	[2-3]
	[2-3]
	[2-3]
	3
	3

	ko
	Na
	2
	2
	2
	3
	3

	MT Table
	
	
	
	
	
	

	000
	Not Dist.
	Top      Nbm 12 subcarrier RBs out of Nrb RBs are addressable

	001
	Distributed
	Bottom  Nbm 12 subcarrier RBs out of Nrb RBs are addressable

	010
	Na
	Tree approach for contiguous addressing of any 12 subcarrier RB set[9]

	011
	Na
	Nbm combined (
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	100
	Na
	(
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	101
	Na
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	110
	Na
	Distributed: Top, middle, & last 
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 (12sc) RBs are addressable (Or use tree approach so all 12sc RBs are addressable including assigned REs in RB.)

	111
	Na
	Unused
	Unused
	Unused
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Table 4 – Total L1/L2 Control Signaling and RA MAP Sizing & Average Coding Rate- Approach I
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  6   6  13  25  25  34

N

MT

+ 1 + 2 + 2 + 3 + 3 + 3

(bits)

DL Total RA MAP Size  7  8  15  28  28  37 (bits)

MAX #UEs per TTI - DL or UL 1 3 6 10 15 18

DL Scheduling Grant sz/UE 38 39 46 59 59 68 (bits)

UL Scheduling Grant sz/UE 34 36 38 40 42 42 (bits)

Total DL Scheduling Grants    38    117    276    590    885  1224 (bits)

Total UL Scheduling Grants + 34 + 108 + 228 + 400 + 630 + 756 (bits)

Total L1/L2 Control    72    225    504    990  1515  1980 (bits)

#L1/L2 Control Subcarriers (n=2) 112 234 468 936 1404 1872

Average Coding Rate (QPSK) 0.321 0.481 0.538 0.529 0.540 0.529

LTE Carrier BW


Full flexibility is maintained for allocation of RB pairs (effectively 24 subcarrier RBs) or in the case of 15 and 20 MHz then RB triplets (effectively 36 subcarrier RBs) as well as RB pairs.
As indicated in Table 3 it is also possible to allocate single (12 subcarrier) RBs in several different ways including every 2nd (1.25 – 10 MHz carriers) or every 3rd RB (15 and 20 MHz carriers).  Also single RBs can be allocated to portions of the carrier bandwidth (top, middle, or bottom RBs) or all three BW portions (top, middle, and bottom) at the same time (not shown in Table).  Finally it is possible to have one of the RA allocation types in the table be a tree approach which allows contiguous allocations of 1 or more 12 subcarrier RBs anywhere in the band.
ANNEX C – Reduced RA Map Approach II

Another RA map reduction approach is described in Tables 5 and 6. In this approach the carrier RBs are broken into k segments of size m RBs each.  For 5 MHz LTE carrier there are k=5 segments each consisting of m=5 RBs and each with a Segment RA Map (SRA map) of size Nsra=4 indicating contiguous segment RB assignment based on the compressing technique given by (C1) resulting in column 1 of Table 6.
16 SRA map combinations: 5x 1RB, 4x 2RB, 3x 3RB, 2x 4RB, 1x 5RB, 1x 0RBs allocated
(C1)
For a 5 MHz carrier there are Nseg=3 allocable segments out of the k=5 available segments. The Allocable Segment map (AS map) is another bit field indicating which Nseg out of k segments are allocated. (Unused codewords for AS can be used to indicate other segment allocations to reduce performance loss.) Since the SRA can be set to all 0’s then much greater flexibility is obtained from the AS map giving it more unique assignment possibilities. Note that 
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Table 5 - Total L1/L2 Control Signaling and RA MAP Sizing & Average Coding Rate – Approach II
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=#Allocable Segments (AS)
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=log
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+ 1 + 1 + 4 + 5 + 6 + 6

(bits)

DL Total RA MAP Size 7 13 16 29 30 38 (bits)

MAX #UEs per TTI - DL or UL 1 3 6 10 15 18

DL Scheduling Grant sz/UE 38 44 47 60 61 69 (bits)

UL Scheduling Grant sz/UE 34 36 38 40 42 42 (bits)

Total DL Scheduling Grants    38    132    282    600    915  1242 (bits)

Total UL Scheduling Grants + 34 + 108 + 228 + 400 + 630 + 756 (bits)

Total L1/L2 Control    72    240    510    1000  1545  1998 (bits)

#L1/L2 Control Subcarriers (n=2) 112 234 468 936 1404 1872

Average Coding Rate (QPSK) 0.321 0.513 0.545 0.534 0.550 0.534

LTE Carrier BW


Table 6 – Addressing for Reduced Resource Allocation Map Approach II
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5 MHz AS Map Codeword

(4-bits)

(4-bits)

00000

00111

1111110000

1110000111

11111

01110

0111111000

1101111000

01111

11100

0011111100

1100111100

11110

10011

0001111110

1100011110

00111

11001

0000111111

1100001111

01110

10101

1111101000

1011111000

11100

10110

1111100100

1001111100

00011

01101

1111100010

1000111110

00110

11010

1111100001

1000011111

01100

01011

1111011000

1101100011

11000

All Segments Selected**

1111001100

1100110011

00001

First 12 RB pairs addrs*

1111000110

1100011011

00010

Last 12-RB pairs addrs*

1111000011

1101010101

00100

odd (1-23) RBs addrs*

1110111000

All Segments Selected**

01000

even (2-24) RBs addrs*

1110011100

First 24-RB pairs addrs*

10000

unused

1110001110

Last 24-RB pairs addrs*

10 MHz AS Map Codeword

(5-bits)

 
*Can also use total SRA bits from all segments to address RB pairs (similar to Approach I)

** Peak Rate can be achieved
*** Top, Middle, and Bottom RB pairs addressed via Nbm bitmap (i.e. using total SRA bits)
Figures 1 shows, for the 5 MHz case, that the number of consecutive allocations in a segment does not exceed two and that consecutive allocations taken across the 5 MHz carrier (all 25 RBs) are contained in 3 pieces about 75% of the time.  Figure 2 indicates that up to 3 segments are allocated about 80% of the time.
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Figure 1 – Distribution of Consecutive Allocations – 5 MHz LTE Carrier
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Figure 2 – Distribution of Segments – 5 MHz LTE Carrier
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