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Proposed Text on Ranging Channel in the AWD (AWD-15.3.9.1.4 and 15.3.9.2.4)
Xinrong Wang, Yang-Seok Choi, Xiangying Yang, Jong-Kae Fwu, Hujun Yin
Intel Corporation
Introduction
This contribution proposes modifications to Section 15.3.9.1.4 and Section 15.3.9.2.4 “Ranging channel” in the IEEE 802.16m Amendment Working Document ‎[1].

Discussion

In the current AWD text, there are four ranging channel formats for normal deployment scenarios and one format for large coverage deployment scenario which is up to 100 km. It is desirable to keep only one format for normal deployment scenario.
Structure 1 is similar to Structure 2 except that Structure 1 has an RCP in front of the second RP. Since this RCP is redundant, there is no need to keep Format 0 (Structure 1).
It is not necessary to allocate more than one ranging opportunity in one subframe. Format 1 was intended to increase ranging opportunity, so Format 1 can be removed.

Compared with Format 2, Format 4 is more complex and its performance is worse than that of Format 2. Therefore, Format 2 is the best choice for normal deployment scenario.
[The following figures show the comparison between 16e ranging and Format 2.]
The following table provides the simulation assumptions and parameters.
	 
	Parameters
	Assumptions

	System
	Cell size
	5 km, 12 km (16e), 18 km (Format 2)

	
	Carrier frequency
	2.5 GHz

	
	FFT size
	1024, CP=1/8

	
	Subcarrier spacing
	∆f (10.9375 kHz) or ∆f/2

	
	Residual frequency offset
	2% of subcarrier spacing

	Channel
	TX antenna
	1

	
	RX antenna
	2

	
	Channel models
	eITU-PB3, eITU-VehA350

	Ranging
	Ranging user
	2 users

	
	Data user
	0

	
	Ranging resource
	144 for 16e, 1-subband for Format 2

	
	Number of ranging codes per ranging channel
	64

	
	Zadoff-Chu codes
	root codes (ZC-139)

	
	Ranging code selection
	Random (2 users choosing different codes)

	
	Ranging round trip delay
	Random


In terms of ranging channel allocation, we see the need of having two allocation schemes for unsynchronized ranging channels. Unsynchronized ranging channel is used for both network entry and reentry (from idle mode or during handover). While initial entry and idle mode reentry has relatively relax latency requirement, handover has a very tight latency requirement. If all ranging opportunities are allocated in a regular fashion with fixed periodicity, it causes huge unnecessary overhead since handover occurrences are estimated to be bursty but low frequency. Given the fact that most handover cases should be well prepared (optimized handover) and predictable, it makes sense to have both regular allocations (allocation indicated by SFH) and on-demand random allocations (allocation based on scheduling and indicated by AMAP). 

On the other hand, synchronized ranging channel only needs regular allocation given its relatively small resource allocation and less demanding latency requirement. The BWREQ allocation also only needs regular allocation given its very frequent allocation, say one BWREQ opportunity every frame. 

References

[1] IEEE P802.16m Amendment Working Document, IEEE 802.16m-09/0010r2.
Proposed Amendment Text

The following modified text is proposed for inclusion in Section 15.3.9.1.4 and Section 15.3.9.2.4 in the AWD.
[Texts in blue are new texts]
[------------------------------------------------- Text Proposal #1 ------------------------------------------------------------]
------------------------------------------------ Proposal #1 text start ------------------------------------------------------------

15.3.9.1.4. Ranging channel 

The UL ranging channel is used for UL synchronization. The UL ranging channel can be further classified into ranging channel for non-synchronized and synchronized AMSs. The ranging channel for synchronized AMSs is used for periodic ranging. The ranging channel for non-synchronized AMSs is used for initial access and handover. 
15.3.9.1.4.1. Ranging channel structure for non-synchronized AMSs

The ranging channel for non-synchronized AMSs is used for initial network entry and association and for ranging against a target ABS during handover.

A physical ranging channel for non-synchronized AMSs consists of the ranging preamble (RP) with length of TRP depending on the ranging subcarrier spacing ∆fRP, and the ranging cyclic prefix (RCP) with length of TRCP in the time domain. 

A ranging channel occupies a localized bandwidth corresponding to the 1 subband.
Power control operation described in subclause [TBD] applies to ranging signal transmission.
Figure 500 illustrates the ranging channel structures in the time domain.
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(b) Format 1
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(c) Structure 4

Figure 500 - Ranging channel structures in the time domain
Table 721 contains ranging channel formats and parameters.
Table 721 - Ranging channel formats and parameters
	Format No.
	Ranging Channel Structure
	TRCP
	TRP
	∆fRP

	0
	Structure 1
	Tg + k×Tb (a)
	2×Tb
	∆f / 2

	1
	Structure 3
	
	
	

	02
	Structure 2
	m×Tg + n×Tb (ab)
	2×2×Tb (bc)
	

	13
	Structure 3
	p×Tg + q×Tb(c) 7×Tg + Tb
	8×Tb
	∆f / 8

	4
	Structure 4
	Tg
	Tb
	∆f


where Ts, Tb, Tg and ∆f are defined in 15.3.2.4.
(a): The TRCP for Formats 0 and 1 depends on OFDMA parameters, subframe types as follows:
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Nsym is the number of OFDMA symbols in a subframe as defined in 15.3.8.1. Fs and NFFT are defined in 15.3.2.4.

(ab): The TRCP for Formats 02 depends on OFDMA parameters, subframe types as follows:
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Nsym is the number of OFDMA symbols in a subframe as defined in 15.3.8.1.

(bc): TRP for Format 02 denotes the total length of repeated ranging preamble.
(c): 
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. Msym is the total number of symbols in the 3 ranging subframes.

In the ranging channel Format 0, the repeated RCPs and RPs are used as a single time ranging opportunity within a subframe in Error! Reference source not found.(a). Format 02 consists of a single RCP and repeated RPs within a subframe. Format 1 consists of a single RCP and RP, and it occupies 3 subframes. which is a part of the Format 0. When Format 1 is used, there are two time opportunities within a subframe. Format 3 has the same structure with Forma 1 but its length is different. RP1, RP2, RP3, and RP4 in Format 4 are constructed by the first portion, second portion, third portion, and the last portion of the ranging sequences [the detail is TBD depending on the ranging sequences], respectively.
When the ranging channel format is configured as Format 0, 2, 3, 4, or Format 1 using the first time-opportunity in the time domain, tThe transmission start time of the ranging channel is aligned with the UL subframe start time at the AMS. For the Format 1 using the second time-opportunity, the transmission of the ranging channel starts at TRCP+TRP in Format 1 after the start time of first time-opportunity.
15.3.9.1.4.2. Ranging channel for synchronized AMSs

The ranging channel for synchronized AMSs is used for periodic ranging. Only the AMSs that are already synchronized to the target ABS are allowed to transmit the periodic ranging signal.

Power control operation described in subclause [TBD] applies to ranging signal transmission.
15.3.9.1.4.3. Ranging channel for non-synchronized AMSs for FDM based UL PUSC zone support

A ranging channel is composed of 6 distributed LRUs which are defined in 15.3.8.3.5. The indices of the DRUs which compose the ranging channel are specified in the UL-AMAP. Figure xxx illustrates the ranging channel structures in the time domain.
[image: image10.emf]
(a) Format 0
[image: image11.emf]
(b) Format 1
Figure xxx - Ranging channel structures for non-synchronized AMSs for FDM based UL PUSC zone support
Format 0 occupies 2 OFDMA symbols. The same ranging code is transmitted on the ranging channel during each symbol with no phase discontinuity between these two symbols. Format 1 occupies 4 OFDMA symbols. Two consecutive ranging codes are transmitted. The starting code shall always be 0 or a multiple of 2.
The transmitted signal voltage to the antenna is generated by the Equation (173).
15.3.9.1.4.4. Ranging channel for synchronized AMSs for FDM based UL PUSC zone support

A ranging channel is composed of 6 distributed LRUs which are defined in 15.3.8.3.5. The indices of the DRUs which compose the ranging channel are specified in the UL-AMAP. Figure yyy illustrates the ranging channel structures in the time domain.

[image: image12.emf]
(a) Format 2
[image: image13.emf]
(b) Format 3
Figure yyy - Ranging channel structures for synchronized AMSs for FDM based UL PUSC zone support
Format 2 occupies 1 OFDMA symbol. Format 3 occupies 3 OFDMA symbols. Three consecutive ranging codes are transmitted. The starting code shall always be 0 or a multiple of 3.

The transmitted signal voltage to the antenna is generated by the Equation (173).

------------------------------------------------ Proposal #1 text end -------------------------------------------------------------

[------------------------------------------------- Text Proposal #2 ------------------------------------------------------------]
------------------------------------------------ Proposal #2 text start ------------------------------------------------------------

15.3.9.2.4. Ranging channel 

15.3.9.2.4.1. Ranging channel for non-synchronized AMSs

Ranging preamble codes

The ranging preamble codes are classified into initial ranging and handover ranging preamble codes. The initial ranging preamble codes shall be used for initial network entry and association. Handover ranging preamble codes shall be used for ranging against a target ABS during handover. For a ranging code opportunity, each AMS randomly chooses one of the ranging preamble codes from the available ranging preamble codes set in a cell.
The ranging preamble codes are Zadoff-Chu codes with or without cyclic shift. The rth root Zadoff-Chu code is defined by
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where, NRP is sequence length, which is 139 for Format 0, and 571 for Format 1. From the rth root code, the pth cyclic shift version of this root code is obtained by
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where, 
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 is the code set number; NCS is the unit of cyclic shifts which is given in Table yyy.
Initial ranging and regular handover ranging share the same physical resource allocation, and they are distinguished by code partition. The following table provides the ranging code partitions for different ranging formats and configurations.
Table xxx - Ranging code partition
	Format
	0
	1

	Configuration
	0
	1
	0

	Code length
	139
	139
	571

	Number of codes
	552
	138
	570

	Code generation
	Root codes with cyclic shifts (details are provided in the following table)
	Root codes
	Root codes

	Regular ranging
	Codes for initial ranging
	Root code number 1-69, with Code set 0-3
	Root code number 1-69
	Root code number 1-285

	
	Codes for handover ranging
	Root code number 70-138, with Code set 0-3
	Root code number 70-138
	Root code number 286-570

	On-demand ranging
	Codes for random selection
	Root code number 1-69, with Code set 0-3
	Root code number 1-69
	Root code number 1-285

	
	Codes for dedicate assignment
	Root code number 70-138, with Code set 0-3
	Root code number 70-138
	Root code number 286-570


The following table provides the number of cyclic shifts for each cyclic shifted Zadoff-Chu codes in ranging Format 0 with Configuration 0.
Table yyy – Cyclic shifts of Zadoff-Chu code for Format 0 with Configuration 0
	Root code number


	Cyclic shifts

	
	Code Set 0
	Code Set 1
	Code Set 2
	Code Set 3

	1
	0
	34
	68
	102

	2
	0
	17
	34
	51

	3
	0
	12
	35
	70

	4
	0
	9
	26
	87

	5
	0
	7
	14
	21

	6
	0
	6
	35
	87

	7
	0
	5
	10
	15

	8
	0
	13
	26
	39

	9
	0
	4
	27
	85

	10
	0
	7
	59
	66

	11
	0
	16
	57
	98

	12
	0
	3
	29
	55

	13
	0
	8
	16
	24

	14
	0
	5
	62
	67

	15
	0
	7
	14
	21

	16
	0
	11
	50
	100

	17
	0
	2
	4
	6

	18
	0
	2
	29
	58

	19
	0
	11
	53
	64

	20
	0
	19
	59
	99

	21
	0
	5
	10
	15

	22
	0
	8
	49
	98

	23
	0
	3
	65
	68

	24
	0
	13
	26
	39

	25
	0
	7
	32
	64

	26
	0
	4
	8
	12

	27
	0
	9
	18
	27

	28
	0
	31
	62
	93

	29
	0
	6
	12
	18

	30
	0
	7
	29
	73

	31
	0
	28
	56
	84

	32
	0
	25
	50
	75

	33
	0
	19
	39
	79

	34
	0
	1
	2
	3

	35
	0
	1
	2
	3

	36
	0
	1
	29
	84

	37
	0
	1
	47
	93

	38
	0
	10
	53
	96

	39
	0
	8
	16
	24

	40
	0
	13
	33
	53

	41
	0
	11
	22
	33

	42
	0
	5
	24
	72

	43
	0
	17
	38
	76

	44
	0
	4
	49
	94

	45
	0
	7
	51
	95

	46
	0
	28
	65
	102

	47
	0
	14
	51
	102

	48
	0
	13
	34
	76

	49
	0
	22
	44
	66

	50
	0
	16
	32
	48

	51
	0
	2
	47
	94

	52
	0
	2
	4
	6

	53
	0
	19
	38
	57

	54
	0
	9
	56
	65

	55
	0
	12
	24
	36

	56
	0
	18
	36
	54

	57
	0
	11
	25
	75

	58
	0
	3
	6
	9

	59
	0
	10
	20
	30

	60
	0
	11
	22
	33

	61
	0
	4
	8
	12

	62
	0
	14
	28
	42

	63
	0
	5
	48
	96

	64
	0
	19
	38
	57

	65
	0
	8
	31
	54

	66
	0
	10
	20
	30

	67
	0
	13
	55
	97

	68
	0
	1
	24
	70

	69
	0
	1
	68
	69

	70
	0
	1
	68
	69

	71
	0
	1
	24
	70

	72
	0
	13
	55
	97

	73
	0
	10
	20
	30

	74
	0
	8
	31
	54

	75
	0
	19
	38
	57

	76
	0
	5
	48
	96

	77
	0
	14
	28
	42

	78
	0
	4
	8
	12

	79
	0
	11
	22
	33

	80
	0
	10
	20
	30

	81
	0
	3
	6
	9

	82
	0
	11
	25
	75

	83
	0
	18
	36
	54

	84
	0
	12
	24
	36

	85
	0
	9
	56
	65

	86
	0
	19
	38
	57

	87
	0
	2
	4
	6

	88
	0
	2
	47
	94

	89
	0
	16
	32
	48

	90
	0
	22
	44
	66

	91
	0
	13
	34
	76

	92
	0
	14
	51
	102

	93
	0
	28
	65
	102

	94
	0
	7
	51
	95

	95
	0
	4
	49
	94

	96
	0
	17
	38
	76

	97
	0
	5
	24
	72

	98
	0
	11
	22
	33

	99
	0
	13
	33
	53

	100
	0
	8
	16
	24

	101
	0
	10
	53
	96

	102
	0
	1
	47
	93

	103
	0
	1
	29
	84

	104
	0
	1
	2
	3

	105
	0
	1
	2
	3

	106
	0
	19
	39
	79

	107
	0
	25
	50
	75

	108
	0
	28
	56
	84

	109
	0
	7
	29
	73

	110
	0
	6
	12
	18

	111
	0
	31
	62
	93

	112
	0
	9
	18
	27

	113
	0
	4
	8
	12

	114
	0
	7
	32
	64

	115
	0
	13
	26
	39

	116
	0
	3
	65
	68

	117
	0
	8
	49
	98

	118
	0
	5
	10
	15

	119
	0
	19
	59
	99

	120
	0
	11
	53
	64

	121
	0
	2
	29
	58

	122
	0
	2
	4
	6

	123
	0
	11
	50
	100

	124
	0
	7
	14
	21

	125
	0
	5
	62
	67

	126
	0
	8
	16
	24

	127
	0
	3
	29
	55

	128
	0
	16
	57
	98

	129
	0
	7
	59
	66

	130
	0
	4
	27
	85

	131
	0
	13
	26
	39

	132
	0
	5
	10
	15

	133
	0
	6
	35
	87

	134
	0
	7
	14
	21

	135
	0
	9
	26
	87

	136
	0
	12
	35
	70

	137
	0
	17
	34
	51

	138
	0
	34
	68
	102


Ranging channel configurations
For ranging Format 0 with Configuration 0, both cell specific resource allocation and code partition are applied. The ranging channel subband index and the ranging code set index are assigned to a cell in SFH or AMAP. For ranging Format 0 with Configuration 1 and for ranging Format 1, only root codes are used. Cell specific resource allocation is applied. The ranging channel subband index is assigned to a cell in SFH or AMAP.

The following figure illustrates the resource allocations of regular ranging and on-demand ranging in the time domain.
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Figure xxx – Example of resource allocation in time domain
Unsynchronized ranging channel can be allocated by SFH in a regular pattern with defined periodicity, e.g. 60ms as shown in the figure, and cell-specific code set and location (range of codes that AMS can use in the cell, subframe or frame offset, subband). The code set partition is used to distinguish Initial Ranging and Handover Ranging. If an AMS obtains a dedicated HO ranging code before HO, and an upcoming regular ranging opportunity is the earliest available opportunity, it shall use the assigned dedicated HO ranging code, even if there is a small chance of collision with another AMS who randomly selects HO ranging code.

Unsynchronized ranging channel can also be allocated by AMAP based on ABS scheduling decision in any frame or subframe, except the frame/subframe that has already been used for a regular allocation. Such random allocation shall use the same cell-specific code set and subband location, as defined by SFH. The information on code partition between IR, HO and dedicated code can be specified by AMAP, different from SFH.

Ranging signal transmission

<<Error! Reference source not found.>> specifies the transmitted signal voltage to the antenna, as a function of time, during ranging channel format 0, 1, 2 or 3.
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                        (243)
where
t

is the elapsed time since the beginning of the subject ranging channel.

NRP

is the length of ranging preamble code in frequency domain.

xp(n)

is the p-th ranging preamble code with length NRP.

Koffset

is the parameter related to the frequency position and is defined by
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NPRU
is the total number of PRUs as defined in 15.3.8.2.1.

k0
is a logical ranging channel parameter in the frequency domain as units of N1, where N1 is the number of the adjacent PRUs within a subband as defined 15.3.8.2.1.

Psc
is the number of the consecutive subcarriers within a PRU in frequency domain as defined in 15.3.8.1.
∆fRP
is the ranging subcarrier spacing.

Toffset

is the parameter related to the length of ranging cyclic prefix and is defined by
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15.3.9.2.4.2. The transmitted signal voltage to the antenna in Format 4 is generated by the equation (173).
15.3.9.2.4.3. Ranging channel for FDM based UL PUSC zone support
The binary codes are the pseudorandom codes produced by the PRBS illustrated in Figure zzz, which implements the polynomial generator 
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. The PRBS generator shall be initialized by the seed b14…b0 = 0,0,1,0,1,0,1,1,s0,s1,s2,s3,s4,s5,s6, where s6 is the LSB of the PRBS seed, and s6…s0 = UL_PermBase, where s6 is the MSB of the UL_PermBase.

[image: image22.emf]
Figure zzz – PRBS generator for ranging code generator
The binary ranging codes are subsequences of the pseudorandom sequence appearing at its output Ck. The length of each ranging code is 144 bits. These bits are used to modulate the ranging subcarriers. The bits are mapped to the subcarriers in increasing frequency order of the subcarriers so that the lowest indexed bit modulates the subcarrier with the lowest frequency index and the highest indexed bit modulates the subcarriers with the highest frequency index.
The number of available codes is 256, numbered 0, 1, …. , 255. Each base station uses a subgroup of these codes, where the subgroup is defined by a number S, 
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. The group of codes will be between S and ((S+N+M+L) mod 256).
The first N codes produced are for initial ranging. Clock the PRBS generator 144 × (S mod 256) times to 144 × ((S+N) mod 256) – 1 times.
The next M codes produced are for periodic ranging. Clock the PRBS generator 144 × ((S+N) mod 256) times to 144 × ((S+N+M) mod 256) – 1 times.
The next L codes produced are for handover ranging. Clock the PRBS generator 144 × ((S+N+M) mod 256) times to 144 × ((S+N+M+L) mod 256) – 1 times.
------------------------------------------------ Proposal #2 text end -------------------------------------------------------------
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