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1. Introduction

This contribution proposes one uplink control channel format for non-adaptive HARQ and adaptive HARQ per bandwidth mode and defines the necessary control field types and sizes.
2. PDCCH UL Format
Uplink L1/L2 control channel (UL PDCCH) information field sizes are given in Table 1 below  Along with the RA map and the UEID masked CRC the following fields are included:

· TPC - Transmission power control fields to update the PUCCH and PUSCH (3-bits).  
· MCS - Modulation and coding scheme assignment (4-bits)

· SDMA Index indicates UL DRS format (cyclic shift) and DL ACK/NACK channel (2 or 3-bits)

· PSI CQI LVL indicates to a UE that its serving eNB has determined from CQI reports that it is in a low to moderate geometry region of the cell and that it should only search for PDCCHs with 2, 3, 4, or 8 CCEs otherwise it should use 1 or 2 CCEs.  Alternatively, CQI LVL could be Layer 3 signaled. 
· SRS Use Indicator indicates what part of SRS is being used in a given subframe (0-2 bits)
· NDI - New data indicator bit distinguishes between a retransmission or a new packet transmission.  
· Intra-TTI FH bit indicates a new starting RB location in the second slot relative to the starting location determined by the RA Map.  The PUCCH RBs are excluded in this determination.
Table 1 – UL PDCCH Format for Adaptive and Non-Adaptive HARQ
	Cat1 – UL
	(bits)

	RA Map
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	Cat2 – UL
	(bits)

	UL TPC-1
	1

	UL TPC-2
	2

	MCS
	4

	SDMA Index
	[2-3]

	SRS Use Indicator
	[0-2]

	
	

	Cat3 – UL
	(bits)

	NDI
	1

	CQI LVL
	[1]

	Intra-TTI FH
	[0-1]

	CRC - UL
	16 bits


3. MU-MIMO/SDMA and RS Cyclic Shift and PHICH Assignment
To correctly assign a PHICH to a MU-MIMO UE to monitor for the synchronous non-adaptive HARQ case it is necessary to index into the PHICH bank (of size NRB = #RBs in carrier band) based on a UE’s resource block assignment (e.g. the first RB in the assignment points to the PHICH to monitor for DL ACK/NACKs).  Assuming that a MU-MIMO resource assignment is always at least 2 RBs when 2 UEs are multiplexed and it is 3 or more RBs when 3 UEs are multiplexed and so on for up to 8 UEs then a SDMA Index 3-bit field can uniquely point to the PHICH for each UE with only a single PHICH bank since each RB in the assignment corresponds to a different PHICH for the single bank (see [1] for more details).  
Otherwise separate PHICH banks are needed and in some cases with the number of banks equal to the number of UEs multiplexed. 
Even if the RB implicit pointer approach is used to determine which PHICH to monitor, requiring separate PHICH sets (banks) to monitor for MU-MIMO means all UEs in the cell must know the resources occupied by the sets. This requirement likely precludes dynamic allocation of the extra banks and thus creates significant RE control overhead since the number of banks must account for the maximum allowed MU-MIMO multiplexing. 
4. SRS Use Indicator
For efficient SRS it may be necessary to signal via the UL scheduling grant which RBs (if any) of the SRS are being used for a given subframe.  If the SRS Use Indicator is 2-bits then it might indicate all RBs or no RBs or which of two possible sets of uplink resource elements in a symbol are utilized for the SRS. 

Table 2 below indicates the total uplink scheduling grant size for the different bandwidth modes.

Table 2 – UL PDCCH format size*
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(MHz)

#RBs

RA Map 

Size

Intra-TTI FH 

Shift Index

Total UL 

Grant

1.4 6 5 0 33

3 15 7 1 36

5 25 9 1 38

10 50 11 1 40

15 75 12 1 41

20 100 13 1 42


* Assumes 1-bit for SRS Use Indicator and 2-bits for SDMA Index
5. Conclusions

Information fields and estimated bit count were given for UL L1/L2 separately coded control channels.  It is proposed that - 
· A single uplink PDCCH format supporting non-adaptive and adaptive synchronous HARQ
· The bit field definitions and sizes given here be accepted for the PDCCH format(s) (Table 1)
· Minimum MU-MIMO resource allocation (#RBs)  ≥  #UEs multiplexed
· Enables a single PHICH bank for MU-MIMO 

· Use assigned RB as implicit pointer to DL ACK/NACK location

· CQI LVL indicate whether UE searches for PDCCH candidates based on (2,3,4,8) or (1,2) CCEs

· DL ACK or NACK may be determined via SG (+NDI) detection (adaptive) and BPSK signaling on PHICH (non-adaptive) on a per transmission (dynamic) basis
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ANNEX A

Signaling for dynamic switching between Adapative & Non-Adaptive HARQ states
Dynamic switching between UL synchronous adaptive and non-adaptive HARQ states reduces DL PDCCH overhead by reducing UL scheduling grants when there is no need to be in the adaptive HARQ state
· One reason for an adaptive HARQ state is to allow changes to resource allocation or MCS on retransmissions for uplink FS (SRS based) scheduling.

· Another reason to be in the adaptive HARQ state is to avoid PHICH assignment ambiguity that can result when a RB based implicit PHICH pointing approach is used with MU-MIMO UEs in the non-adaptive HARQ state

Technique 1: Adaptive= (+1,  UL SG Tx),  Non-Adaptive=(+/-1, No UL SG Tx)

Given BPSK modulation for PHICH then +1 is Adaptive HARQ if UL SG is transmitted else Non-Adaptive HARQ is assumed if no UL SG is detected.

· Collisions only occur with probability 10-5.  

· Incorrect soft buffer flush for NACK (non-A) detected as ACK (non-A): 10-3 x 2^(-CRC)

· UEs must use RB implicit pointer approach for finding PHICH given adaptive and non-adaptive HARQ UEs in the cell. 
Table 1 – DL ACK/NACK Mapping
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ACK (A) +1 NDI=1 ACK - New packet transmission

ACK (non-A) +1 Not Tx ACK - no new transmission

NACK (A) +1 NDI=0 NACK - adaptive retransmission

NACK (non-A) -1 Not Tx NACK - non-adaptive retransmission

DL Signaling



comments


Table 2 – Error Conditions for Table 1
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1: UL SG false det. '-1' Tx Det. Tx based on UL SG information

2: ACK (non-A) +1 Tx, Miss Det.DTX, ACK (non-A) assumed, flush deferred until SG rx

3: ACK (non-A) false det. '+1' Not Tx DTX, No A/N determination until next SG rx

4: NACK (non-A) false det. '-1' Tx, Miss Det.Collision with probability: 10-5 = 10-3x10-2

5: UL SG false det. '+1' Tx Det. Tx based on UL SG information

Tx based on comments

DL Signaling


Table 3 – Decision Table post Error Condition Case 3 in Table 2.  

NACK (non-A) mistaken as ACK (non-A)


[image: image5.emf]PHICH UL SG

NACK (non-A) -1 No Tx Retransmit packet in Tx buffer

UL SG +1 Tx Det. New packet transmission (NDI=1) or retransmission (NDI=0)

ACK (non-A) +1 Tx, Miss Det.DTX, No action until UL SG detection or (-1, No Tx)

NACK (non-A) false det. '-1' Tx, Miss Det.Collision (retransmission) with probability: 10-5 = 10-3x10-2

UL SG false det. '+1' Tx Det. New packet transmission (whether NDI is 0 or 1)

Tx based on comments

DL Signaling
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				DL Signaling				comments

				PHICH		UL SG

		ACK (A)		+1		NDI=1		ACK - New packet transmission

		ACK (non-A)		+1		Not Tx		ACK - no new transmission

		NACK (A)		+1		NDI=0		NACK - adaptive retransmission

		NACK (non-A)		-1		Not Tx		NACK - non-adaptive retransmission
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		Tx based on		DL Signaling				comments

				PHICH		UL SG

		NACK (non-A)		-1		No Tx		Retransmit packet in Tx buffer

		UL SG		+1		Tx Det.		New packet transmission (NDI=1) or retransmission (NDI=0)

		ACK (non-A)		+1		Tx, Miss Det.		DTX, No action until UL SG detection or (-1, No Tx)

		NACK (non-A)		false det. '-1'		Tx, Miss Det.		Collision (retransmission) with probability: 10-5 = 10-3x10-2

		UL SG		false det. '+1'		Tx Det.		New packet transmission (whether NDI is 0 or 1)
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				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		Intra-TTI FH Shift Index		Total UL Grant

																												1.4		6		5		0		33

																												3		15		7		1		36

																												5		25		9		1		38

																												10		50		11		1		40

																												15		75		12		1		41

																												20		100		13		1		42

																														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
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		Tx based on		DL Signaling				comments

				PHICH		UL SG

		1: UL SG		false det. '-1'		Tx Det.		Tx based on UL SG information

		2: ACK (non-A)		+1		Tx, Miss Det.		DTX, ACK (non-A) assumed, flush deferred until SG rx

		3: ACK (non-A)		false det. '+1'		Not Tx		DTX, No A/N determination until next SG rx

		4: NACK (non-A)		false det. '-1'		Tx, Miss Det.		Collision with probability: 10-5 = 10-3x10-2

		5: UL SG		false det. '+1'		Tx Det.		Tx based on UL SG information
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