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 PHY-layer Forwarding Frame Structure
Anh Tuan Hoang, Haiguang Wang, Jaya Shankar, Wai Leong Yeow,

Shoukang Zheng, Joseph Teo Chee Ming
Institute for Infocomm Research (I2R)
Introduction

This contribution provides further details for the PHY-layer control structure used to support BS-controlled HR-MS forwarding to network (FTN). We focus on the frame structure and forwarding control channels, i.e., those transmitted by the forwarding HR-MS toward the forwarded HR-MS. The forwarded control channels, i.e., those transmitted by the forwarded HR-MS toward the forwarding HR-MS, are described in contribution C80216n-11_0195. The details are mainly for 802.16m baseline but the main principles should be applicable to 802.16-2009 baseline.
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{Remedy 1: Modify 17.3.3.2 as indicated}
17.3.3.23 Frame structure and Resource Allocation Physical layer support for BS-controlled HR-MS FTN

See 17.3.2.2

17.3.3.3.1 Frame structure for HR-MS FTN
A forwarding HR-MS and an inside-of-coverage forwarded HR-MS fully follow the superframe and frame configurations set by the serving HR-BS/RS, as described in 16.3.3, 16.6.6, and 16.6.4. A forwarded HR-MS that is out-of-coverage of the serving HR-BS/RS obtains essential superframe and frame configurations through A-Preambles and control channels from its corresponding forwarding HR-MS. These forwarding control channels include I-NCI, S-NCI, Forwarding MAP (F-MAP).
From the point of view of forwarding and forwarded HR-MS, the frames within each superframe are classified into forwarding and reversed frames. The forwarding HR-MS transmits to its forwarded HR-MS in uplink subframes of forwarding frames. The forwarding HR-MS receives from its forwarded HR-MS in uplink subframes of reversed frames. The 1st and 3rd frames of each superframe are classified as forwarding frames while the 2nd and 4th frames of each superframe are classified as reversed frames. The restriction in transmitting/receiving modes of the forwarding and forwarded HR-MS does not apply to the transmission and reception of PA/SA-Preambles, which is described in 17.3.3.x.y.
Resources for HR-MS Direct Communications and HR-MS Forwarding to Network shall be scheduled by the serving HR-BS/RS when one exists. Serving HR-BS/RS can schedule direct communication in an on-demand and dynamic manner, and can multiplex this with transmissions between HR-MS and HR-BS / HR-RS.

To optimize the signaling and switching cost and improve QoS provisioning to HR-MS direct communication, serving HR-BS / HR-RS can schedule resource for DC/FTN zone for multiplexing DC/FTN transmissions. An HR-MS DC / FTN Zone is an area of continuous OFDMA resources in time and logical subchannels or resource units. The size and location of DC/FTN zone is dynamically or semi-stationary determined by the serving HR-BS.

When an infrastructure node doesn’t exist, one of the HR-MS shall fulfill this coordinating role. It is understood that the coordinating HR-MS needs to take on some of the functionality of a HR-BS and may also require new functionality.

All resource scheduling shall be conveyed through MAP or DL control messages from serving HR-BS/RS or a coordinating HR-MS. In the case of HR-MS Forwarding to Network, the scheduling messages shall be forwarded by the forwarding HR-MS. 

Random access channels may be used for bandwidth request. For case-1, bandwidth request are sent directly to the serving HR-BS /HR-RS. For case 2, bandwidth requests are forwarded by the forwarding HR-MS.
{Remedy 2: Insert the following new sections}
17.3.3.3.2 Control structure for HR-MS FTN

Physical control signaling for BS-controlled HR-MS FTN includes PA/SA-Preambles, I-NCI/S-NCI, F-MAP that are transmitted by forwarding HR-MS, HR-MS-to-HR-MS feedback channels and ranging channels that are used by both forwarding and forwarded HR-MS, and Forwarded-link BR channel that is used by forwarded HR-MS.

17.3.3.3.2.1 Transmission of A-Preambles

As described in 17.3.3.x.y, under the instruction of the serving HR-BS/RS, an HR-MS transmits PA/SA-Preambles, together with I/S-NCI, to help an out-of-coverage HR-MS to carry out network entry and get associated with the serving HR-BS/RS. After the out-of-coverage HR-MS has successfully completed network entry, it becomes a forwarded HR-MS that is attached to the helping/forwarding HR-MS.

A forwarding HR-MS shall periodically transmit PA/SA-Preambles as long as there is at least one out-of-coverage forwarded HR-MS attached to it. PA-Preamble shall be transmitted in the first OFDMA symbol of the 2nd frame of a superframe, while SA-Preamble shall be transmitted in the first OFDMA symbol of the 3rd frame of a superframe. The periodicity of PA/SA-Preamble transmission can be different from that applied during the network entry of an out-of-coverage HR-MS. The periodicity of PA/SA-Preamble transmission is informed to the forwarded HR-MS at the end of the network entry process and is updated through the field “Preamble Periodicity” in the S-NCI.
17.3.3.3.2.2 I-NCI

The I-NCI shall be transmitted in the last NI-NCI  Distirubted LRUs (DLRUs) in the first subframe of a superframe. Within the selected subframe, the I-NCI shall occupy the last 5 OFDM symbols, i.e., effectively forming a Type-3 subframe. From the point of view of an out-of-coverage HR-MS or a forwarded HR-MS attempting to decode I-NCI, the DL subframe in which I-NCI is located has only one frequency partition FP0. All NPRU in this subframe are distributed LRUs. The permutation and frequency partition of this subframe can be described by DSAC = 0 (all minibands without subband), DFPC = 0 (reuse 1 only), DCASSB,0 = 0 (no subband CRU allocated), and DCASMB,0 = 0 (no miniband CRU allocated). Definitions of these parameters are given in 16.3.4. Furthermore, the subcarrier permutation of this subframe is carried out as defined in 16.3.7.3.2, with the IDcell being calculated in the following modified way:

IDcell = 256 mod(n+1,3) + mod(Idx + 1, 256),

where Idx is the preamble index and n is the preamble subcarrier set index of the SA-Preamble transmitted by the registered HR-MS.
I-NCI is transmitted by an HR-MS under the following cases:

· When the HR-MS is instructed by its serving HR-BS/RS to help in a network entry process for some out-of-coverage HR-MS, as described in 17.3.3.x.y.

· When there are changes in system configurations that affect the communication between a forwarding HR-MS and its attached forwarded HR-MS. In this case, the transmission of I-NCI shall be made known in advance to the attached forwarded HR-MS through the field “I-NCI Transmission Indicator” in the S-NCI.

When I-NCI is transmitted for network entry of out-of-coverage HR-MS, if the transmitting HR-MS already has some attached forwarded HR-MS, it may set the field “I-NCI Transmission Indicator” to inform its attached forwarded HR-MS accordingly. This allows the transmitted I-NCI to be used by both unassociated HR-MS for network entry and by attached HR-MS for system configuration updates.

The content of I-NCI is described in Table xxx.

Table xxx—I-NCI IE format
	Syntax
	Size (bits)
	Notes

	BS IDcell
	10
	

	Frame Configuration Index
	6
	The mapping between value of this index and frame configuration is listed in Table 806, Table 807, and Table 808

	If (WirelessMAN-OFDMA with

FDM-based UL PUSC Zone

Support){
	
	True if Frame configuration index is equal to

– 5, 7, 9, 11, 13, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 for 5/10 MHz channel bandwidth according to Table 806;

– 4, 6, 8 or 10 for 8.75 MHz channel bandwidth according to Table 807;

– 3 or 5 (with CP=1/8) for 7 MHz channel bandwidth according to Table 808.

False if Frame configuration index is something else

	UL_Permbase
	7
	Indicates UL_Permbase used in WirelessMAN-OFDMA system with FDM-based UL PUSC Zone.

	Reserved
	[TBD]
	

	}else{
	
	

	USAC
	5/4/3
	Indicates the number of subbands KSB as

defined in Table 903 to Table 905 in 16.3.7.2.1

For 2048 FFT size, 5 bits

For 1024 FFT size, 4 bits

For 512 FFT size, 3 bits



	UFPC
	4/3/3
	Indicate the frequency partition configuration

as defined in Table 906 to Table 908 in

16.3.7.2.3

For 2048 FFT size, 4 bits

For 1024 FFT size, 3 bits

For 512 FFT size, 3 bits



	UFPSC
	3/2/1
	Indicate the number of subbands allocated to

FPi (i > 0) in 16.3.7.2.3

For 2048 FFT size, 3 bits

For 1024 FFT size, 2 bits

For 512 FFT size, 1 bits



	UCASSB0
	5/4/3
	Indicates the number of subband-based CRUs in FP0 in

16.3.7.3.1

For 2048 FFT size, 5 bits

For 1024 FFT size, 4 bits

For 512 FFT size, 3 bits

	UCASMB0
	5/4/3
	Indicates the number of miniband-based CRUs in FP0 in

16.3.7.3.1

For 2048 FFT size, 5 bits

For 1024 FFT size, 4 bits

For 512 FFT size, 3 bits

	Subframe index for S-NCI
	3
	The 2 LSB bits indicate the index of the UL subframe in which S-NCI is transmitted.

The MSB bit indicates the frame in which S-NCI is transmitted. MSB bit == 0 indicate the 1st frame while MSB bit = 1 indicate the 3rd frame.

	LRU starting index for S-NCI
	6
	Indicates the starting index of the LRUs allocated for S-NCI

	Reserved
	[TBD]
	

	}
	
	


17.3.3.3.2.3 S-NCI

The S-NCI shall be transmitted in NS-NCI contiguous DLRUs of an uplink subframe. The ways in which S-NCI is transmitted can be described as follows:

· When an HR-MS is instructed by its serving HR-BS/RS to help in a network entry process for some out-of-coverage HR-MS (as described in 17.3.3.x.y), the HR-MS transmits S-NCI in an uplink subframe within either the 1st frame or the 3rd frame of the superframe in which I-NCI is transmitted.

· A forwarding HR-MS shall periodically transmit S-NCI as long as there is at least one out-of-coverage forwarded HR-MS attached to it. During this operation, S-NCI can be transmitted in either 1st or 3rd frame of a superframe. The frame-location and periodicity of S-NCI transmission shall be made known to the forwarded HR-MS through a control message [TBD].
In both cases described above, the index of the uplink subframe and the index of the starting LRU in which S-NCI is transmitted are signaled in the I-NCI fields “Subframe index for S-NCI” and “LRU starting index for S-NCI”, respectively. When transmitted, S-NCI spans the last 5 OFDMA symbols of the selected subframe.

The content of S-NCI is described in Table yyy.
Table yyy—S-NCI IE format

	Syntax
	Size (bits)
	Notes

	If (Support of WirelessMANOFDMA with FDM-based UL PUSC Zone){
	
	

	Subframe offset of the RCH
	2
	Indicates the subframe offset (OSF) of the RCH allocation.

The range of values is 0 ≤ OSF ≤ 3

	Start RP code information of the RCH
	4
	Indicates the kns, which is the parameter for start of the RP code group (rns0).

rns0(kns) = 16 × kns + 1, kns = 0,1, ...,15

	Number of RP codes allocated for coverage extension ranging
	2
	Indicates the number of RP codes and the particular codes that can be used for ranging with the forwarding HR-MS. 

	}else{
	
	

	Subframe offset of the S-RCH
	2
	Indicates the subframe offset (OSF) of the S-RCH allocation

	Start RP code information of the

S-RCH
	
	Indicates the ks that is the parameter controlling the start root index of the RP codes (rs0).

rs0 = 6 × ks + 1

The range of values is 0 ≤ ks ≤ 15

	Transmission timing offset of SRCH
	3
	Indicates NRTO, which is the parameter used for the calculation of the sample number, TRTO, which is applied to advance the ranging signal transmission timing relative to the defined uplink transmission timing point based on the frame structure from AMS perspective when AMS conducts initial or handover ranging in a femtocell.

TRTO = floor(NRTO × (Tg – 2) × FS)(samples)

where NRTO = min( RTD ⁄ (Tg–2) , 7), and RTD is the round trip delay from the femto-ABS to the overlay macro-ABS.

The range of values is 0 ≤ NRTO ≤ 7.

	}
	
	

	UCASi
	3/2/1
	Indicates the number of total allocated CRUs, in a unit of a subband,

for FPi (i ≥ 0) in 16.3.7.3.1

For 2048 FFT size, 3 bits

For 1024 FFT size, 2 bits

For 512 FFT size, 1 bits

	Forwarding EIRP
	5
	Unsigned integer from 1 to 31 in units of 1 dBm, where

0b00000=1 dBm and 0b11111=31 dBm.

	HR-MS Transmit Power  Limitation Level
	5
	Unsigned 5-bit integer. Specifies the maximum

allowed HR-MS transmit power. Values

indicate power levels in 1 dB steps starting

from 0 dBm.

	EIRxPIR,min
	5
	Unsigned integer from –133 to –102 in units of

1 dBm, where 0b00000 = –133 dBm and

0b11111 = –102 dBm.

	Pre-access S-NCI Indicator
	1
	Indicates whether this is a pre-access S-NCI that is used for Group Discovery mode

0b0: not a pre-access S-NCI

0b1: pre-access S-NCI

	Preamble Periodicity
	2
	Indicates the pattern by which the forwarding HR-MS transmits PA/SA-Preambles during HR-MS FTN

0b00: PA-Preamble is transmitted in the 1st symbol of the 2nd frame of every superframe while SA-Preamble is transmitted in the 1st symbol of the 3rd frame of every superframe

0b01: PA/SA-Preambles are transmitted once every two superframes

0b10: PA/SA-Preambles are transmitted alternatively, with PA-Preamble being transmitted in odd-number superframes and SA-Preamble being transmitted in even-number superframes

0b11: Reserved

	I-NCI Transmission Indicator
	2
	Indicate the next transmission of I-NCI

0b00: No plan for I-NCI transmission

0b01: I-NCI is going to be transmitted in the next superframe

0b10: I-NCI is going to be transmitted in two superframes from the current superframe

0b11: Reserved


17.3.3.3.2.4 Forwarding MAP

The Forwarding MAP (F-MAP) carries service control information. Service control information consists of assignment information and power control information. For each forwarding HR-MS, its F-MAP region occupies a number of contiguous DLRUs within an uplink subframe in a forwarding frame. Each F-MAP region is further divided into F-MAP blocks, each occupies a [TBD] number of contiguous DLRUs. F-MAP blocks can be received and decoded independently from each other. The index of the first LRU allocated to the F-MAP region for each forwarding HR-MS is specified by the field “LRU starting index for S-NCI” in I-NCI. When transmitted, F-MAP spans the last 5 OFDMA symbols of the subframe.

The timing interpretation of the F-MAP assignments shall be as follows:

· For forwarding transmissions from forwarding HR-MS toward forwarded HR-MS, if the allocation signaling is transmitted in an F-MAP block within a particular subframe, then the corresponding forwarding transmission shall also be located within the same subframe.

· For reversed transmissions from forwarded HR-MS toward forwarding HR-MS, if the allocation signaling message is transmitted in an F-MAP block within a particular subframe with index “n” within a forwarding frame, then the corresponding reversed transmission shall be located in the subframe with the same subframe index “n” but within the next reversed frame.

[-----------------------------------------------End of Text Proposal---------------------------------------------------]
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