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Full Duplex Support in the H-FDD Frame Structure
Kamran Etemad, Intel

Sean McBeath, Jin Lei, Huawei Technologies

Introduction
Full duplex is not efficiently supported within the constraints of the proposed H-FDD frame structure.  Full duplex support is an important consideration for cell edge mobile stations which are power limited.  In this contribution, we propose modifications to the proposed persistent IEs so that a single UL-MAP can allocate resources in both H-FDD groups.
Proposed Text
[note to the editor: Make the following changes to IEEE P802.16Rev2/D4 as shown below; 
Blue = editorial insertions relative to R2D4
Red = editorial deletions relative to R2D4
Purple = insertions to support this proposal

Green = deletions to support this proposal
]
8.4.5.4.30 Persistent HARQ UL MAP Allocation IE

Uplink persistent allocations are used by the base station to make uplink time-frequency resource assignments which repeat periodically.  The logical time-frequency resource assigned using the Persistent HARQ UL MAP IE repeats at a periodic interval.  Uplink persistent allocations are not compatible with the HARQ ACK bitmap.  Therefore, the base station shall set the value ACK Disable field to 1 in the sub-burst IEs within the Persistent HARQ UL MAP for uplink persistent allocations.

Table 438 - Persistent HARQ UL MAP IE

	Syntax
	Length (bits)
	Comments

	Persistent HARQ_UL-MAP_IE() {
	
	

	Extended 2- UIUC
	4
	Persistent HARQ_UL-MAP_IE() = 0x0B

	Length 
	8
	Length of the IE

	RCID_Type 
	2
	0b00: Normal CID

0b01: RCID11

0b10: RCID7

0b11: RCID3

	Change Indicator
	1
	0: No Change occurred

1: Change occurred

	Reserved
	1
	

	while (data remains) {
	-
	-

	Mode
	3
	Indicates the mode of this IE:

0b000: Persistent UL Chase HARQ

0b001: Persistent UL Incremental redundancy HARQ

for CTC

0b010: Persistent UL Incremental redundancy HARQ

for convolutional code

0b011: Persistent MIMO UL Chase HARQ

0b100: Persistent MIMO UL IR HARQ

0b101: Persistent MIMO UL IR HARQ for convolutional code

0b110: Persistent MIMO UL STC HARQ

0b111: Reserved

	Allocation Start Indication
	1
	0: No allocation start information

1: Allocation start information follows

	If (Allocation Start Indication ==1) {
	-
	-

	OFDMA Symbol offset
	8
	This value indicates start symbol offset of subsequent subbursts in this Persistent HARQ UL MAP IE with reference to the start of the UL sub-frame.

	Subchannel offset
	7
	This value indicates start Subchannel offset of subsequent subbursts in this Persistent HARQ UL MAP IE

	Reserved
	1
	Shall be set to zero

	}
	-
	-

	Opposite Group Allocation Start Indication
	1
	0: No allocation start information for opposite group (H-FDD)

1: Allocation start information follows for opposite group (H-FDD)

	If (Opposite Group Allocation Start Indication ==1) {
	-
	-

	Opposite Group OFDMA Symbol offset
	8
	This value indicates start symbol offset of subsequent subbursts in this Persistent HARQ UL MAP IE with reference to the start of the UL sub-frame for the opposite group (H-FDD).

	Opposite Group Subchannel offset
	7
	This value indicates start Subchannel offset of subsequent subbursts in this Persistent HARQ UL MAP IE for the opposite group (H-FDD)

	Reserved
	1
	Shall be set to zero

	}
	-
	-

	N sub-bursts
	4
	Number of sub-bursts in this Persistent HARQ UL MAP IE is this field value plus 1.

	Resource Shifting Indicator
	1
	0 = No Resource Shifting 

1 = Resource Shifting 

	for (i=0;i<Number of sub-burst; i++) {
	
	

	If (mode == 000) {
	
	

	Persistent UL HARQ Chase Sub-Burst IE ()
	
	

	} else if (mode == 001) {
	
	

	Persistent UL HARQ IR CTC Sub-Burst IE ()
	
	

	} else if (mode == 010) {
	
	

	Persistent UL HARQ IR CC Sub-Burst IE ()
	
	

	} else if (mode == 011) {
	
	

	Persistent MIMO UL Chase HARQ Sub-Burst IE ()
	
	

	} else if (mode == 100) {
	
	

	Persistent MIMO UL IR HARQ Sub-Burst IE ()
	
	

	} else if (mode == 101) {
	
	

	Persistent MIMO UL IR HARQ for CC Sub-Burst IE ()
	
	

	} else if (mode == 110) {
	
	

	Persistent MIMO UL STC HARQ Sub-Burst IE ()
	
	

	}
	
	

	}
	
	

	}
	
	

	Padding
	Variable
	To align octet boundary

	}
	
	


Resource Shifting Indicator
If the resource shifting indicator is set to 1, the MS shall shift its persistent resource position by the accumulated slots as indicated by de-allocation commands with slot offsets smaller than its own.

Change Indicator

The change indicator shall be set to 0 to indicate that there were no changes to persistent allocations in frame relevant to frame K​ – allocation period, where K is the frame that the change indicator is transmitted. Otherwise, the change indicator shall be set to 1.and allocation period is indicated in the subburst IE.  
Opposite Group Allocation Start Indication

The opposite group allocation start indication shall be set to 1 if allocation start indication for the opposite group is included in this IE.  If this IE is transmitted in H-FDD group 1, the opposite group is H-FDD group 2, and it this IE is transmitted in H-FDD group 2, the opposite group is H-FDD group 1.

Opposite Group OFDMA Symbol offset

The Opposite Group OFDMA Symbol offset shall be set to the beginning OFDMA symbol in the opposite group.  This offset is valid for resource assignments in the opposite group.
Opposite Group Subchannel offset

The Opposite Group Subchannel offset shall be set to the beginning subchannel in the opposite group.  This offset is valid for resource assignments in the opposite group.
Table 439 - Persistent UL HARQ Chase Subburst IE format

	Syntax
	Length (bits)
	Comments

	Persistent UL HARQ Chase Sub-Burst IE {
	
	

	Allocation Flag
	1
	1 = allocate

0 = de-allocate

	Full Duplex
	1
	1 = F-FDD

0 = H-FDD or TDD

	If (Allocation Flag == 0) {
	
	

	RCID_IE()
	variable 
	--

	if (Resource Shifting Indicator ==1) {
	
	

	Duration 
	Variable 
	Duration in slots.  OFDMA Frame duration dependant

7 bits – 2.5 ms frame

8 bits – 5 ms frame 

9 bits – 10 ms frame

10 bits – 20 ms frame   

	Slot Offset
	Variable 
	Indicates the start of this persistent allocation in OFDMA slots, with respect to the start of the UL subframe if an allocation start indication is not included in this IE and with respect to OFDM symbol offset and subchannel offset if an allocation start indication is included in this IE

2.5 ms frame

-%% 20 ms frame

OFDMA Frame duration dependant

7 bits – 2.5 ms frame

8 bits – 5 ms frame 

9 bits – 10 ms frame

10 bits – 20 ms frame

	If (Full Duplex == 1) {
	
	

	Opposite Group Duration
	variable 
	Opposite Group Duration for F-FDD Support

	Opposite Group Slot Offset
	variable 
	Opposite Group Slot Offset for F-FDD Support

	}
	
	

	Retransmission Flag
	1
	0: Deallocation command in Relevant Frame 
1: Retransmission of deallocation command in Relevant Frame – Allocation Period

	}
	
	

	}
	
	

	If (Allocation Flag == 1) {
	
	

	RCID_IE()
	variable 
	--

	Persistent Flag
	1
	0 = non-persistent 

1 = persistent

	Duration 
	variable 
	Duration in slots.  OFDMA Frame duration dependant

7 bits – 2.5 ms frame

8 bits – 5 ms frame 

9 bits – 10 ms frame

10 bits – 20 ms frame   

	Slot Offset


	variable 
	Indicates the start of this persistent allocation in OFDMA slots, with respect to the start of the UL subframe if an allocation start indication is not included in this IE and with respect to OFDM symbol offset and subchannel offset if an allocation start indication is included in this IE

7 bits – 2.5 ms frame

8 bits – 5 ms frame 

9 bits – 10 ms frame

10 bits – 20 ms frame 

	If (Full Duplex == 1) {
	
	

	Opposite Group Duration
	variable 
	Opposite Group Duration for F-FDD Support

	Opposite Group Slot Offset
	variable 
	Opposite Group Slot Offset for F-FDD Support

	}
	
	

	If (Persistent Flag == 1) {
	
	

	Allocation Period (ap)
	5
	Period of the persistent allocation is this field value plus 1 (unit is frame)

	Number of ACID (N_ACID)
	3
	Number of HARQ channels associated with this persistent assignment is this field value plus 1

	MAP NACK Channel Index
	6
	Index to a shared MAP NACK channel within the Fast Feedback region

	MAP ACK Channel Index
	6
	Index to a MAP ACK channel within the Fast Feedback region   

	}
	
	

	Dedicated UL Control Indicator
	1
	-

	If (Dedicated UL Control Indicator ==1) {
	
	

	Dedicated UL Control IE ()
	variable 
	

	}
	-
	-

	UIUC
	4
	

	Repetition Coding Indication
	1
	0b00: No Repetition coding

0b01: Repetition coding of 2 used

0b10: Repetition coding of 4 used

0b11: Repetition coding of 6 used

	ACID
	4
	Initial value of HARQ channel identifier

	AI_SN
	1
	Initial AI_SN for each ACID

	ACK Disable
	1
	When ACK Disable == 1, the allocated subburst does not require an ACK to be transmitted by the BS in the HARQ ACK BITMAP (see 8.4.5.3.22). In this case, no bit position is allocated for the subburst in the HARQ ACK BITMAP. For the burst, MS shall not perform HARQ retransmission and ignore ACID, AI_SN and SPID, which shall be set to 0 by BS if they exist. The CRC shall be appended at the end of each sub-burst regardless of the ACK disable bit.

	}
	
	

	Padding
	variable
	Padding to nibble; shall be set to 0.

	}
	
	


Allocation flag

The allocation flag shall be set to 1 if the sub-burst IE is allocating time-frequency resources and shall be set to 0 if the sub-burst IE is de-allocating resources.
Full Duplex

The full duplex flag shall be set to 1 if a full duplex mobile station shall transmit a single uplink burst using resources in both group 1 and group 2.  The exact resources are indicated in this IE.

Retransmission Flag


The Retransmission Flag shall be set to 0 if the de-allocation occurs in K, where K is the current relevant frame and shall be set to 1 if the de-allocation occurred in frame K – allocation period. , i.e., the deallocation command at frame K-allocation period is retransmitted in frame K.  The MS, who correctly received the DUL-MAP in the frame relevant to frame K-allocation period, shall ignore that deallocation command with Retransmission Flag equal to 1. The MS, who failed to receive the DUL-MAP in the frame relevant to frame K-allocation period, shall process the deallocation command with Retransmission Flag equal to 1. 
Note that the MS may receive a retransmission de-allocation even if the retransmission flag is not set.  This may cause the MS to receive a duplicated de-allocation command.  The MS shall ignore a de-allocation command for which it does not have a corresponding persistent resource allocation.
Persistent Flag

The persistent flag shall be set to 1 if the assignment is persistent and shall be set to 0 if the assignment is non-persistent.

Slot Offset

The slot offset shall be set to the first slot in the time-frequency resource assignment.  The slot offset is defined with respect to the lowest numbered slot of the UL subframe if an allocation start indication is not included in this IE, and the slot offset is defined with respect to the indicated OFDM symbol offset and subchannel offset if an allocation start indication is included in this IE.
Opposite Group Slot Offset

The opposite group slot offset shall be set to the first slot in the resource assignment for the opposite H-FDD group.  The opposite group slot offset is defined with respect to the lowest numbered slot of the UL subframe of the opposite group if an opposite group allocation start indication is not included in this IE, and the slot offset is defined with respect to the indicated OFDM symbol offset and subchannel offset if an opposite group allocation start indication is included in this IE.

Opposite Group Duration


The opposite group duration shall be set to the duration of the resource assignment in opposite group.

Allocation Period (ap)

The allocation period (ap) shall be set to one less than the period of the persistent allocation, in units of frames.  For example, as illustrated below, if ap=0b00011, then the period of the persistent allocation is four frames, and the time-frequency resource assignment is valid in frames N, N+4, N+8, etc.

 N_ACID

The values of ACID field (N0) and N_ACID field (N) are used together to specify an implicit cycling of HARQ channel identifiers as follows.  N0 is used as the HARQ channel identifier corresponding to the first occurrence of the persistent allocation. For each next allocation this value is incremented modulo (N + 1) 

MAP NACK Channel Index

The MAP NACK channel index is persistently allocated within the Fast Feedback region.  The mobile station shall used the indicated MAP NACK channel to report MAP decoding error in frames where it has a persistent resource allocation assigned with this instance of the persistent IE.  

MAP ACK Channel Index

The MAP ACK channel is allocated non-persistently within the Fast Feedback region.  The mobile station shall use the indicated MAP ACK channel to report successful receipt of the persistent allocation IE.   

ACID

The ACID field shall be set to the initial value of HARQ channel identifier as described above.

AI_SN

The AI_SN field value shall be set to the initial ARQ identifier sequence number for each HARQ channel.  The AI_SN toggles between 0 and 1 for each    particular HARQ channel.  For example, if the period equals 4 frames, N_ACID = 40b011, ACID = 2, and AI_SN = 0, the ACID follows the pattern 2, 3, 4, 5, 2, 3, 4, 5, etc, and the AI_SN follows the pattern 0, 0, 0, 0, 1, 1, 1, 1, etc. 

[note to the editor: Please insert the following new text in the H-FDD Section]

8.4.4.1.2 Full Duplex Support

If the base station sets the full duplex flag of the Persistent HARQ UL MAP IE to 1, the mobile station shall transmit a single uplink burst using the resources indicated in the IE.  The total duration for the burst shall be calculated by the MS as the duration field plus the opposite group duration field within the Persistent HARQ UL MAP IE.  The burst shall be mapped to the entire set of slots in H-FDD group containing the Persistent HARQ UL MAP IE before being mapped to the slots in the opposite H-FDD group.

  


