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I. Introduction
In order to utilize the wider frequency spectrum to perform very high speed transmission, the next generation mobile cellular systems like IEEE 802.16m based WiMAX Release 2.0 system is expected to support multi-carrier transmission between BS and MSs. According to the feasible hardware support, it is highly desired for BS to utilize wideband transceiver (e.g. 40MHz) with large size FFT to transmit/receive the radio signals (e.g. 10MHz radio signals) over multiple carriers. From MS perspective, the receivers with different BWs and FFT sizes to support different number of carriers will be preferred according to the requirements on different device classes. Therefore, the multi-carrier BS can flexibly serve both single-carrier MS and multi-carrier MSs with different number of carriers support. This is based on what members had agreed among multi-carrier frame structure as shown in Figure 1.
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Fig.1 Multi-carrier frame structure with legacy support [1]
When utilizing the large size FFT to generate the radio signals over multiple carriers, the center frequency of the radio signal transmitted over each carrier will be slightly different from the original expected location. This is because of the sub-carrier alignment operation in response to the mismatch between the sub-carrier spacing (e.g. 10.9375kHz) and the separation between previously defined center frequencies of each carrier (e.g. 5MHz, 10MHz). The basic idea has already been described in “15.3.3.5.2 Sub-carrier alignment for multi-carrier operation” in [1], Figure 2 is a general drawing to illustrate its result on the radio signal location over the air.
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Fig.2 The center frequency of the radio signal transmitted over adjacent carrier
Because the sub-carrier alignment is a very fundamental requirement to allow multi-carrier BS utilize large size FFT to generate multiple radio signals over different carriers, the situation shown in Fig.2 will be a very general case once the carriers to support multi-carrier operation are adjacent (i.e. contiguous) in frequency domain. Therefore, the center frequency information of the adjacent contiguous carriers shall also include the frequency offset value because of the sub-carrier alignment operation. This shall be part of the essential multi-carrier configuration information broadcasted by each carrier. So that the multi-carrier MS can easily obtain the carrier information when doing initial scanning and performing network entry in a short time.
There are two typical ways to broadcast the multi-carrier configuration information to the MSs. The first way is broadcasting the detail value of the center frequency and bandwidth information of the adjacent carriers over each carrier. This method may be straightforward but will certainly result in much broadcast overhead over the air. The second way is predefining a set of reasonable multi-carrier configurations with associated center frequency and bandwidth information. This can allow BS only broadcast some indexes over the air which refers to a set of predefined parameters. 

Since there are not so many different kinds of carrier bandwidth and aggregation combinations, this contribution suggests predefining a set of reasonable multi-carrier configurations in P802.16m AWD with associated center frequency and bandwidth information. Then only broadcast the configuration index in the SFH (Super Frame Header) or as part of the additional broadcast information. Before members determining where the multi-carrier configuration information will be broadcasted (in SFH or somewhere else), P802.16m AWD shall first define a set of multi-carrier configurations and the associated parameters. This contribution proposes the preliminary configuration as the start point for members’ further amendment and TGm’s adoption.
II. Recommended Multi-Carrier Configurations and Associated Parameters
According to the P802.16m AWD [1], there are five kinds of channel bandwidth for each carrier: 5MHz, 7MHz, 8.75MHz, 10MHz and 20MHz. The following tries to first summarize the possible configurations for the scenario where the carriers are contiguous in frequency domain. For the scenario with non-contiguous carriers, it is suggested to separately treat those cases since there may exists many possible scenarios which has not been defined.

As the starting point, it is very straightforward to jointly take 5MHz, 10MHz and 20MHz into consideration since they can be divided by each other. Then 7MHz and 8.75 MHz can be separately treated because those two kinds of channel bandwidth will usually not be adjacent to the channels with other bandwidth.

On the other hand, the following suggests taking 20MHz as a unit for configuration definition. Because the reasonable multi-carrier MS hardware design is utilizing 20MHz transceiver with 2048FFT to flexibly support various carrier combination from 5MHz~20MHz channel bandwidth. For the case to indicate the configurations for the overall channel bandwidth over contiguous 20MHz (i.e. like a segment of the spectrum), it is recommended to design the configuration indication in unit of 20MHz to cover the configurations from 5MHz~20MHz.
Table 1 shows the summary of the carrier configurations for 5~20MHz spectrum segment BW which are composed by 5MHz, 10MHz and 20MHz channels. For example, the notation {5,10} means the 15MHz spectrum segment is composed by one 5MHz carrier and one 10MHz carrier. It is suggested to define the first element in {．}, which is sorted from the lowest frequency for easy understanding.
Table 1 List of multi-carrier configurations for 5~20MHz spectrum segment
	#
	Contiguous Channel Bandwidth (MHz)
	Multi-Carrier Configuration (MHz)

	1
	5
	{ 5 }

	2
	10
	{ 10 }

	3
	10
	{ 5 , 5 }

	4
	15
	{ 10 , 5 }

	5
	15
	{ 5 , 10 }

	6
	15
	{ 5 , 5 , 5 }

	7
	20
	{ 20 }

	8
	20
	{ 10 , 10 }

	9
	20
	{ 5 , 5 , 10 }

	10
	20
	{ 5 , 10 , 5 }

	11
	20
	{ 10 , 5 , 5 }

	12
	20
	{ 5 , 5 , 5 , 5 }


For each configuration, the center frequency of the adjacent carriers can be pre-calculated according to the channel bandwidth and the location of the reference carrier. Take configure #12 for example, if the multi-carrier configuration information is sent through the 1st carrier, the adjacent carriers will be 2nd, 3rd and 4th carriers. If the configuration information is sent through the 2nd carrier, the adjacent carriers will be 1st, 3rd and 4th carriers.
The separation of the center frequency of adjacent carriers can be easily derived, for example, the center frequency separation between two adjacent 5MHz carriers is 5MHz and the one between one 5MHz and one 10MHz carriers is 7.5MHz. Note that it is not necessary to inform the absolute frequency value of each carrier (e.g. the value like 2250.73MHz), because MS has already synchronized with the reference carrier before being eligible to decode the information from that carrier. Only the frequency separation with respect to the center frequency of the reference carrier (i.e. the carrier to receive this information) is meaningful to the MS.
Therefore, the system only needs to broadcast the multi-carrier configuration index (e.g. Table 1), and the index of the reference carrier which sent out this information (e.g. 2nd carrier of the configuration #12). For the example shown in Table 1, it only takes 6 bits (4 bits for configuration indexing, 2 bits for carrier indexing) to describe the configuration.
On the other hand, the most important thing is not just the center frequency separation between adjacent carriers. Because of the sub-carrier alignment to support large size FFT transceiver, there exist a permanent frequency offset between the center frequency of the carrier and the center frequency of the radio signal transmitted on top of that carrier (i.e. ∆f’ as shown in Fig.2). This frequency offset can be calculated in advanced for each configuration and for different reference carrier. In the following, the Table 2 is generated from Table 1 to further associate the frequency offset information as part of multi-carrier configuration.
Table 2 Multi-carrier configuration with associated frequency offset by sub-carrier alignment

	#
	Contiguous Channel Bandwidth (MHz)
	Reference Carrier Index
	Multi-Carrier Configuration (MHz)
	Frequency Offset ∆f’ (kHz)

	1
	5
	1
	{ 5 }
	{ 0 }

	2
	10
	1
	{ 10 }
	{ 0 }

	3
	10
	1
	{ 5 , 5 }
	{ 0,-1.5629 }

	4
	10
	2
	{ 5 , 5 }
	{ +9.3745 , 0 }

	5
	15
	1
	{ 10 , 5 }
	{ 0 , -7.8127 }

	6
	15
	2
	{ 10 , 5 }
	{ +3.1248 , 0 }

	7
	15
	1
	{ 5 , 10 }
	{ 0 , -7.8127 }

	8
	15
	2
	{ 5 , 10 }
	{ +3.1248 , 0 }

	9
	15
	1
	{ 5 , 5 , 5 }
	{ 0 , -1.5629 , -3.1248 }

	10
	15
	2
	{ 5 , 5 , 5 }
	{ +9.3745 , 0 , -1.5629 }

	11
	15
	3
	{ 5 , 5 , 5 }
	{ +7.8127 , +9.3745 , 0}

	12
	20
	1
	{ 20 }
	{ 0 }

	13
	20
	1
	{ 10 , 10 }
	{ 0 , -3.1248 }

	14
	20
	2
	{ 10 , 10 }
	{ +7.8127 , 0}

	15
	20
	1
	{ 5 , 5 , 10 }
	{ 0 , -1.563 , -9.3745 }

	16
	20
	2
	{ 5 , 5 , 10 }
	{ +9.3745 , 0 , - 7.8127 }

	17
	20
	3
	{ 5 , 5 , 10 }
	{ +1.5629 , +3.1248 , 0}

	18
	20
	1
	{ 5 , 10 , 5 }
	{ 0 , -7.8127 , -9.3745 }

	19
	20
	2
	{ 5 , 10 , 5 }
	{ +3.1248 , 0 , -7.8127}

	20
	20
	3
	{ 5 , 10 , 5 }
	{ +1.5629 , +3.1248 , 0}

	21
	20
	1
	{ 10 , 5 , 5 }
	{ 0 , -7.8127 , -9.3745 }

	22
	20
	2
	{ 10 , 5 , 5 }
	{ +3.1248 , 0 , -1.5629}

	23
	20
	3
	{ 10 , 5 , 5 }
	{ +1.5629 , +9.3745 , 0 }

	24
	20
	1
	{ 5 , 5 , 5 , 5 }
	{ 0 , -1.5629 , -3.1248 , -4.6867}

	25
	20
	2
	{ 5 , 5 , 5 , 5 }
	{ +9.3745 , 0 , -1.5629 , -3.1248}

	26
	20
	3
	{ 5 , 5 , 5 , 5 }
	{ +7.8127 , +9.3745 , 0 , -1.5629}

	27
	20
	4
	{ 5 , 5 , 5 , 5 }
	{ +6.2508 , +7.8127 , +9.3745 , 0 }


After adding the frequency offset information into the multi-carrier configuration table, Table 2 shows that it only takes 7 bits (5 bits for configuration indexing, 2 bits for carrier indexing) to describe multi-carrier configuration. The general idea to determine which direction that the center frequency of the radio signals in adjacent carriers are shifted is to ensure the overall spectrum of the multi-carrier signals will be shrank and be more compact than the one before sub-carrier alignment operation. This is to ensure the legacy spectrum mask requirement of the boundary carriers will not be violated after sub-carrier alignment operation.
III.  Proposed Text Input to P802.16m Amendment Working Document
---------------------------------------------------------Start of the Text-----------------------------------------------------------

[Add the following text after line#33, page#23 of IEEE 802.16m-09/0010]
During the network entry procedure defined in [TBD], the ABS will notify the frequency offset to be applied over each carrier for sub-carrier alignment to the AMS. According to the multi-carrier configuration index and the reference carrier index broadcasted by ABS, AMS can derive the center frequency of the adjacent carriers and the associated frequency offset (∆f’) by the lookup table as shown in Table xxx. 
In Table xxx, the multi-carrier configuration { 5 , 10 } indicates two contiguous carriers are supported. The fist one is a 5MHz carrier and another one is a 10MHz carrier, where the order in this configuration is sorted from lower frequency to higher frequency. In addition, the reference carrier index indicates which carrier within the configuration information is the one where this information sent through. 

Based on the center frequency of the carrier that AMS is currently receiving this information and the bandwidth of each carrier, the center frequency of each carrier before sub-carrier alignment can be derived. Then the AMS can obtain the frequency offset (∆f’) to be applied over each carrier based on the multi-carrier configuration index, the reference carrier index and Table xxx. So that AMS can obtain the correct center frequency of each carrier including the sub-carrier alignment effect.

Table xxx – Center Frequency of Adjacent Carriers with Sub-Carrier Alignment Effect

	#
	Multi-Carrier Configuration (MHz)
	Reference Carrier Index
	Frequency Offset ∆f’ (kHz)
	Contiguous Channel Bandwidth (MHz)

	1
	{ 5 }
	1
	{ 0 }
	5

	2
	{ 10 }
	1
	{ 0 }
	10

	3
	{ 5 , 5 }
	1
	{ 0,-1.5629 }
	10

	4
	{ 5 , 5 }
	2
	{ +9.3745 , 0 }
	10

	5
	{ 10 , 5 }
	1
	{ 0 , -7.8127 }
	15

	6
	{ 10 , 5 }
	2
	{ +3.1248 , 0 }
	15

	7
	{ 5 , 10 }
	1
	{ 0 , -7.8127 }
	15

	8
	{ 5 , 10 }
	2
	{ +3.1248 , 0 }
	15

	9
	{ 5 , 5 , 5 }
	1
	{ 0 , -1.5629 , -3.1248 }
	15

	10
	{ 5 , 5 , 5 }
	2
	{ +9.3745 , 0 , -1.5629 }
	15

	11
	{ 5 , 5 , 5 }
	3
	{ +7.8127 , +9.3745 , 0}
	15

	12
	{ 20 }
	1
	{ 0 }
	20

	13
	{ 10 , 10 }
	1
	{ 0 , -3.1248 }
	20

	14
	{ 10 , 10 }
	2
	{ +7.8127 , 0}
	20

	15
	{ 5 , 5 , 10 }
	1
	{ 0 , -1.563 , -9.3745 }
	20

	16
	{ 5 , 5 , 10 }
	2
	{ +9.3745 , 0 , - 7.8127 }
	20

	17
	{ 5 , 5 , 10 }
	3
	{ +1.5629 , +3.1248 , 0}
	20

	18
	{ 5 , 10 , 5 }
	1
	{ 0 , -7.8127 , -9.3745 }
	20

	19
	{ 5 , 10 , 5 }
	2
	{ +3.1248 , 0 , -7.8127}
	20

	20
	{ 5 , 10 , 5 }
	3
	{ +1.5629 , +3.1248 , 0}
	20

	21
	{ 10 , 5 , 5 }
	1
	{ 0 , -7.8127 , -9.3745 }
	20

	22
	{ 10 , 5 , 5 }
	2
	{ +3.1248 , 0 , -1.5629}
	20

	23
	{ 10 , 5 , 5 }
	3
	{ +1.5629 , +9.3745 , 0 }
	20

	24
	{ 5 , 5 , 5 , 5 }
	1
	{ 0 , -1.5629 , -3.1248 , -4.6867}
	20

	25
	{ 5 , 5 , 5 , 5 }
	2
	{ +9.3745 , 0 , -1.5629 , -3.1248}
	20

	26
	{ 5 , 5 , 5 , 5 }
	3
	{ +7.8127 , +9.3745 , 0 , -1.5629}
	20

	27
	{ 5 , 5 , 5 , 5 }
	4
	{ +6.2508 , +7.8127 , +9.3745 , 0 }
	20


----------------------------------------------------------End of the Text-----------------------------------------------------------

Reference

[1] IEEE 802.16m-09/0010, “IEEE 802.16m Amendment Working Document,” Jan. 2009.
Appendix

The following shows the calculation on frequency offset for each carrier under each multi-carrier configuration as listed in Table 2. The basic philosophy is shifting the center frequency to inside direction among the contiguous carriers, so as to prevent the concern on disturbance on RF spectrum mask after sub-carrier alignment operation.
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Configuration #5:
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Configuration #6:
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Configuration #7:
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Configuration #8:
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Configuration #9:
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Configuration #10:
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Configuration #11:
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Configuration #13:
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Configuration #14:
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Configuration #15:
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Configuration #16:
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Configuration #17:
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Configuration #18:
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Configuration #19:
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Configuration #20:
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Configuration #21:
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Configuration #22:
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Configuration #23:
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Configuration #24:
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Configuration #25:
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