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1. Introduction
In RAN1#55bis, it was concluded that uplink non-contiguous resource assignment within a component carrier would be supported for LTE-A:
· Non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)

· FFS: Resource allocation based on Rel-8 DL schemes (allocation type 0 and/or 1)

· FFS: At most one new DCI format for non-MIMO 

To support non-contiguous uplink RB allocations two new DCI formats are proposed using Type 0 and Type 1 resource block (RB) allocations.   One proposed DCI is called format 0_1 which supports uplink SIMO transmissions with contiguous and non-contiguous RB allocations and another DCI format 0_2 which supports SU-MIMO PUSCH transmissions also with contiguous and non-contiguous RB allocations.  

2. DCI Formats 0_1 and 0_2 & Type 0/Type 1 Resource Allocations
DCI format 0 uses Type 2 contiguous RB allocations for PUSCH in Release-8. Two new uplink DCI formats are proposed and are referred to as DCI format 0_1 (similar to DCI format 1 for DL SIMO) and DCI format 0_2 (similar to DCI format 2 for SU MIMO) both using Type 0 and Type 1 RB allocations. DCI format 0_1 takes DCI format 0 fields and replaces type 2 RB allocation (RIV) field with type 0/1 RB allocation field.  DCI format 0_2 takes DCI format 0 fields and replaces type 2 RB allocation (RIV) field with type 0/1 RB allocation field and adds additional code word MCS/RV fields and a Rank field.
Blind decoding and dynamic switching: The size of DCI format 0_1 and 0_2 may need to be adjusted to guarantee they are distinct from DCI format 1 and 2 respectively.  In any case, 16 more blind decodes are needed beyond the current maximum of 44 to support all additional uplink transmission modes needed for release 10 and later releases..  
Release-8 Resource Allocation Type 0/1: Figure 1 shows the 5 MHz example of Type 0 and Type 1 RB allocations.  The granularity of Type 0 RB allocation is fine enough to support non-contiguous allocations for frequency selective scheduling (i.e. P=RBGsz is 2, 3, or 4 RBs depending on BW) and meet the desire to make use of unallocated (left over) RBs and allocate them to other users for improved packing efficiency. That is, use of Type 0/1 RB allocation in DCI format 0_1 (and 0_2) in conjunction with Type 2 RB allocations in DCI format 0 will promote high packing efficiency and avoid any PUSCH resource holes.  As shown in [6], 100% resource utilization can be achieved using contiguous allocation with 30 UEs in the cell.  This is expected even for smaller loads.  Type 2 RA with frequency hopping can be used for VoIP.
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Figure 1 – Type 0/1 RB Allocation 5 MHz LTE carrier example

CM and Number of Clusters; From a cubic metric perspective, Table 1 (also see [3]) provides an illustrative comparison of CM increase for 16-QAM as a function of the number of clusters.  From the table, it is seen that most of the CM increase is incurred in going to 2 clusters.  Therefore, there is no need to limit the number of scheduled clusters and full scheduling flexibility should be allowed for 16-QAM.  For QPSK the CM is larger but then it is up to the scheduler to determine a trade-off between CM and #clusters used.
Table 1 - Cubic metric increase with multi-cluster transmission (16-QAM)
	Number of Cluster
	Cubic Metric Increase (dB)

	2
	0.6

	5
	0.7


PUCCH Consideration: Note that with resource allocation type 0, some RBG may overlap fully or partly with the PUCCH region.  As a result, these RBG may not be assigned at the discretion of the scheduler.   For RBG that partially overlaps with the PUCCH, DCI format 0 can be used to fill in the gap.  An example is shown in Figure 2 where RBG 0 and 1 may not be assigned at the discretion of the scheduler and PRB 4 and 5 can be assigned using DCI format 0.  
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Figure 2 - PUCCH region and RBG overlap

Type 0 vs. Type 2 (DCI format 0) Overhead: As shown below in Tables 2 and 3 the size of PDCCH with DCI format 0_1 is similar to the size with DCI format 0 up to about 20 MHz.  At 10 MHz DCI 0_1 needs 2 more bits which is not significant in terms of spectral efficiency given each bit costs about 0.15 dB in terms of required Es/No.  Also at higher bandwidths like 10 MHz there is a significant benefit from interference randomization compared to lower bandwidths.  At 20 MHz the DCI format 0_1 size is increased by 9 bits over DCI format 0 which corresponds to ~ 1.35 dB more Es/No for a single CCE but smaller (e.g. ~ 0.15/2 dB per bit with 2 CCEs) if  more than 1 CCE is aggregated.  Besides the benefit of interference randomization the number of UEs per subframe that needs to be scheduled to achieve full spectral efficiency does not increase linearly with bandwidth.  For 5, 10, and 20 MHz the maximum UEs scheduled per subframe to achieve full spectral efficiency only needs to be ~ (6 UL, 6 DL), (10 UL, 10 DL), and (16 UL, 16 DL) respectively.  Hence, there are enough CCEs at 20 MHz to support larger grant sizes and the Es/No difference is less than 0.8 dB with CCE aggregation (even smaller with aggregation of 4 or 8 CCEs).
Table 2 – FDD PDCCH DCI Format 0 sizes
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Table 3 – FDD PDCCH DCI Format 0_1 sizes
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3. PDCCH: Rel-8 DCI format 0 Definition
PDCCH information field sizes for DCI format 0 are given in Table 4 below. Table 5 below indicates FDD DCI format 0 size per bandwidth mode.
Table 4 – PDCCH DCI Format 0
	PDCCH Field
	(bits)

	 Format flag
 (0 or 1A)
	1

	 RB assignment 
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	 TPC
	2

	 MCS
	5

	 CSI (for DM RS)
	3

	 CQI request
	1

	 TDD: UL index
	2

	 NDI
	1

	 Freq. Hopping
	1

	 CRC
	16


Table 5 – Rel-8 FDD PDCCH DCI Format 0 sizes
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4. PDCCH: DCI Format 0_1 Definition
PDCCH information field sizes are given in Table 6 below for PDCCH DCI Format 0_1. PDCCH DCI Format 0_1 sizes are shown below in Table 4 based on resource allocation Type 0/1. Note that size of DCI format 1 and the proposed DCI format 0_1 are similar (see Table 7 and 10)
Table 6 - PDCCH DCI Format 0_1

	PDCCH Field
	(bits)

	 RB assignment
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	 TPC
	2

	 MCS
	5

	 CSI (for DM RS)
	3

	 CQI request 
	1

	 TDD: UL index
	2

	 NDI
	1

	 Control Info request
	[1]

	 CRC
	16


Table 7 – FDD PDCCH DCI Format 0_1 sizes
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5. PDCCH: DCI Format 0_2 Definition
PDCCH information field sizes are given in Table 8 below for PDCCH DCI Format 0_2. PDCCH FDD DCI Format 0_2 sizes are shown below in Table 9 based on resource allocation Type 0/1.  Note that size of DCI format 2 and the proposed DCI format 0_2 are similar (see Table 9 and 10)
Table 8 - PDCCH DCI Format 0_2

	PDCCH Field
	(bits)

	 RB assignment
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	 TPC
	2

	 MCS 1,2
	5 + [5] 

	 CSI (for DM RS)
	3

	 CQI request 
	1

	 TDD: UL index
	2

	 NDI 1,2
	1 + [1] 

	 Control Info request 
	[1]

	 PMI / rank /swap
	[8]

	 CRC
	16


Table 9 – FDD PDCCH DCI Format 0_2 sizes
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6. Conclusion
For non-contiguous UL allocations the following is proposed:

· Use of Type 0 and Type 1 RB Allocation for non-contiguous UL FS scheduling.
· Frequency hopping is not needed for non-contiguous UL RB allocations (can reuse bit)

· DCI formats 0_1 (SIMO) and 0_2 (MIMO) to support non-contiguous (and contiguous) RB allocations for PUSCH transmissions using the release-8 Type-0 and Type-1 RB allocation scheme.  To save 1-bit the Type-1 shift bit can be taken from the resource allocation Type-0 field.
· Support an additional 16 blind decodings for new uplink transmission modes including DCI format 0_1 and DCI format 0_2 for rank-2 UL MIMO transmissions
· Since DCI format 0_1 has both non-contiguous and contiguous RB allocation then it is possible to dynamically switch between them.  (Same is true for DCI format 0_2).

From a coverage perspective DCI format 0_1, as currently defined with RA Type 0, is about the same as DCI format 0 (i.e. similar payload size) except at around 20 MHz but in that case more CCEs are available per UE, there is better frequency randomization, and the Es/No delta is small if more than 1 CCE is aggregated.
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Table 10 – Release 8 DCI formats for FDD
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Figure 3 – BLER vs. SNR for DCI Format 1A – 10MHz, 43 bits, ETU 3km/h, 8CCE, Real Chest






_1295150855.xls
Sheet1

		

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		'0111'		PVI				"."		"."

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		PVI user & PVI interferer						"."		"."

														*PMI PUCCH assignment indicates how 1-bit field is used														BW (MHz)		#RBs		RA Map Size		zero padding		CRC Size		Total UL Grant

																												1.4		6		6		0		16		34

																												3		15		8		0		16		36

																												5		25		13		0		16		41

																												10		50		17		0		16		45

																												15		75		19		0		16		47

																												20		100		25		0		16		53

																														Bitmap Addressing

																														000		RB Groups of Size N

																														001		Distributed (Top,Middle,Bottom) RBs

																														010		Top RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														011		Bottom RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														100		1st RB of each Group

																														101		2nd RB of each Group

																														110		3rd RB of each Group

																														111		4th RB of each Group






_1295151631.xls
Sheet1

		

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		'0111'		PVI				"."		"."

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		PVI user & PVI interferer						"."		"."

														*PMI PUCCH assignment indicates how 1-bit field is used														BW (MHz)		#RBs		RA Map Size		zero padding + disambig.		CRC Size		Total UL Grant

																												1.4		6		5		2		16		37

																												3		15		7		1		16		38

																												5		25		9		2		16		41

																												10		50		11		2		16		43

																												15		75		12		1		16		43

																												20		100		13		1		16		44

																														Bitmap Addressing

																														000		RB Groups of Size N

																														001		Distributed (Top,Middle,Bottom) RBs

																														010		Top RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														011		Bottom RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														100		1st RB of each Group

																														101		2nd RB of each Group

																														110		3rd RB of each Group

																														111		4th RB of each Group






_1295151518.xls
Sheet1

		

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		'0111'		PVI				"."		"."

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		PVI user & PVI interferer						"."		"."

														*PMI PUCCH assignment indicates how 1-bit field is used														BW (MHz)		#RBs		RA Map Size		zero padding + disambig.		CRC Size		Total UL Grant

																												1.4		6		5		2		16		37

																												3		15		7		1		16		38

																												5		25		9		2		16		41

																												10		50		11		2		16		43

																												15		75		12		1		16		43

																												20		100		13		1		16		44

																														Bitmap Addressing

																														000		RB Groups of Size N

																														001		Distributed (Top,Middle,Bottom) RBs

																														010		Top RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														011		Bottom RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														100		1st RB of each Group

																														101		2nd RB of each Group

																														110		3rd RB of each Group

																														111		4th RB of each Group






_1295097081.unknown

_1295150831.xls
Sheet1

		

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		'0111'		PVI				"."		"."

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		PVI user & PVI interferer						"."		"."

														*PMI PUCCH assignment indicates how 1-bit field is used														BW (MHz)		#RBs		RA Map Size		zero padding		CRC Size		Total UL Grant

																												1.4		6		6		0		16		34

																												3		15		8		0		16		36

																												5		25		13		0		16		41

																												10		50		17		0		16		45

																												15		75		19		0		16		47

																												20		100		25		0		16		53

																														Bitmap Addressing

																														000		RB Groups of Size N

																														001		Distributed (Top,Middle,Bottom) RBs

																														010		Top RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														011		Bottom RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														100		1st RB of each Group

																														101		2nd RB of each Group

																														110		3rd RB of each Group

																														111		4th RB of each Group






_1295150843.xls
Sheet1

		

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		'0111'		PVI				"."		"."

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		PVI user & PVI interferer						"."		"."

														*PMI PUCCH assignment indicates how 1-bit field is used														BW (MHz)		#RBs		RA Map Size		zero padding		CRC Size		Total UL Grant

																												1.4		6		6		0		16		49

																												3		15		8		0		16		51

																												5		25		13		0		16		56

																												10		50		17		0		16		60

																												15		75		19		0		16		62

																												20		100		25		0		16		68

																														Bitmap Addressing

																														000		RB Groups of Size N

																														001		Distributed (Top,Middle,Bottom) RBs

																														010		Top RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														011		Bottom RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														100		1st RB of each Group

																														101		2nd RB of each Group

																														110		3rd RB of each Group

																														111		4th RB of each Group






_1295097093.unknown

_1268048692.unknown

