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Proposed Text Related to PHY section of Multicarrier Support for the IEEE 802.16m Amendment
Youngsoo Yuk, Jin Sam Kwak, Ronny Yong-ho Kim and Kiseon Ryu

LG Electronics
1. Introduction
This contribution includes the proposed text for multicarrier support sections in the IEEE 802.16m Amendment. The technical text and ToC are inherited from the 802.16m SRD [1], and the IEEE 802.16m SDD [2] and the IEEE P802.16 Rev2/D8 [3]. Moreover, this contribution follows the tentative outline and style guide in the IEEE 802.16m Amendment [4]. In this contribution, amendment text including several illustrations is proposed for the section in which 16m members have enough consensus.
To minimize the control channel overhead, we propose a new A-MAP design for the secondary carrier in this document. In addition, the considerations for designing uplink feedback channel are presented. 
2. Modifications from the SDD and key-descriptions
The text proposed in this contribution is based on sub-clauses 17.3 in the IEEE 802.16m SDD [2]. 

The modifications to the SDD text are summarized as below:

· The indication method of the multicarrier configuration on the subsection 15.3.3.5.2 in the IEEE802.16m AWD [5] was enhanced with more efficient way. 
· The detailed design of A-MAP for the secondary carrier is proposed in this amendment text.
· The transmission options for the UL fast feedback channel are presented in this amendment text.
3. Description of the proposal
A. A-MAP Design for Secondary carriers with PHY segmentation
In the current SDD[1], we have two different options to transmit a PHY PDU. One is to transmit it through only one carrier and the other is to transmit through multiple carriers after segment it.  And, two different options for transmitting the information on the resource allocation also exist. In this contribution, we proposed a scheme to transmit allocation information for both primary and secondary carriers through the primary carrier only. 
We can classify the allocation information as two types, information common to all carriers and information dedicated to each carrier. The table 1 shows the classified information elements.
Table 1. Common and Dedicated Information Fields for A-MAP
	
	Information Field

	Common to all carriers
	· MIMO scheme
· MCS

· HARQ Information

· Station ID

	Dedicated to each carriers
	· Indication of data region in each carrier


From the classification, we can have possibility to design A-MAP optimized for the secondary carriers. 
To maintain the general design of A-MAP for the single carrier system, we propose reuse the A-MAP design of the single carrier for the primary carrier. And, another type of A-MAP which only contains the dedicated information for several secondary carriers can be used. We call it MC assignment A-MAP IE.
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Figure 1. Example Multicarrier Resource Allocation
Table 2 shows the required number of A-MAPs with/without MC assignment A-MAP according to the number of carriers used for data transmission. 

The size of MC assignment A-MAP IE is same as that of Basic assignment A-MAP IE for the primary carriers. It follows the A-MAP for the primary carrier, and the order of the information indicates the logical carrier index which it allocates.

Based on the size of Basic assignment A-MAP IE, resource allocation information for 2 or 3 secondary carriers can be included in an MC assignment A-MAP IE. We can use same type value of A-MAP for both the primary and the secondary carriers, and another type values can be reserved for MC assignment A-MAP IE. 

Table 2. Required number of A-MAPs with/without MC assignment A-MAP

	Number of carriers used for data transmission
	Without MC A-MAP
	With MC A-MAP
	Ratio of overhead reduction (%)

	2
	2
	2
	0

	3
	3
	2
	33%

	4
	4
	2
	50%

	5
	5
	3
	40%

	6
	6
	3
	50%

	7
	7
	3
	57%

	8
	8
	4
	50%

	9
	9
	4
	56%

	10
	10
	4
	60%


B. A-MAP Design for Secondary carriers without PHY segmentation

If assignment A-MAPs for primary and secondary carrier are transmitted via the carriers which contain data bursts, we can have two options to indicate target AMS by A-MAP.

We can use a unique STID for an AMS over the carriers controlled by one common MAC. However, the number of STID should be supported is related to the number of AMSs, and the number of AMSs is usually related to the size of bandwidth. 

In addition, while broadband data services increase, the short and frequent transmission between devices will increase as well. Thus, the shortage of STID expected if we use unique STID for a common MAC.
We can have another option to indicate target AMS by A-MAP. 

Though most simple way is to assign STID for each assigned carrier, it requires high STID usage.
The other way is to extend STID by using more bits in MCRC. Since the size of MCRC is 16bits, 4 more bits are available in MCRC to inform some information after being masked by STID.

We propose to mask [TBD]-bits of carrier indicator to MSB of 4 remained bits.

The carrier indicator contains the signed distance between the primary carrier and the corresponding secondary carrier. 
4. References
[1] IEEE 802.16m-07/002r7, “802.16m System Requirements” 
[2] IEEE 802.16m-08/003r8, “The Draft IEEE 802.16m System Description Document”
[3] IEEE P802.16 Rev2 / D8, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Oct. 2008.

[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
[5] IEEE 802.16m-08/0010r1a, “The IEEE 802.16m Amendment Working Document”
5. Text Proposal for the Amendment Working Document of IEEE802.16m
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15 Advanced Air Interface

15.3.3.5.2 Subcarrier alignment for multi-carrier operation
When contiguous carriers are involved in multi-carrier operation, the overlapped guard sub-carriers may be aligned in frequency domain. In order to align the overlapped sub-carriers of the OFDMA signals transmit​ted over adjacent carriers, a permanent frequency offset (Δf’) will be applied over the original center fre​quency. The basic principle is shown by the example in Figure 407. The permanent frequency offset shall not be applied to the legacy/mixed carriers. 
[image: image2.emf]
Figure 407 Example of subcarrier alignment of adjacent carriers 

The multiple carriers may be aggregated the center outwards with the reference carrier. The center frequency of each component carrier may be shifted toward the reference frequency with a predetermined frequency offset for alignment of subcarrier spacing. The multicarrier configuration index (MCI) shown in table 648 is used for describing the configuration of the carrier aggregation. 
All the carriers aggregated are defined as component carriers, and each component carrier has their carrier index. The carrier having the lowest center frequency has the lowest carrier index. Figure 408 shows the example of the carrier aggregation.
Table 648 Multicarrier Configuration Index (MCI) for carrier aggregation
	Syntax
	Size (bit)
	Notes

	Number of component carrier
	[4]
	Number of component carriers in a configuration
: Value + 1 carrier(s)

	Reference Carrier Index
	Variable
(ceiling(log2(Number of component carrier))
	Index of reference carrier aligned to frequency raster 

	Component Carrier Index
	Variable
(ceiling(log2(Number of component carrier))
	Carrier Index for carrier which contains the information of this information.

	Configuration Type
	1
	0b0 : Homogeneous Aggregation

0b1: BW types are mixed for Aggregation

	If(Configuration Type ==1){
	
	

	Configuration Bitmap
	Variable

(2*N_Comp_Carrier)
	Bitmap except component carrier

0b00 : 5MHz

0b01 : 10MHz

0b10 : 20MHz

0b11 : others (3.5MHz, 7MHz or 8.75MHz)

	}
	
	

	Reserved and Padding
	[TBD]
	



[image: image3.emf]Total BW

Reference carrier index = 1

f

c,1

f

c,0

f

c,2

f

c,3

 B

3 

 B

2  

 B

0  

 B

1  

Component

Carrier 0

Component

Carrier 1

Component

Carrier 2

Component

Carrier 3


Figure 408. Example of carrier aggregation with 4 carriers.

During the network entry procedure defined in 15.2.x, the ABS will notify the AMS of the frequency offset to be applied over each carrier for sub-carrier alignment. According to the multi-carrier configuration index (MCI), informed by ABS, AMS can derive the center frequency of the adjacent carriers and the associated frequency offsets using the following equation. 
When the carrier index of the reference carrier is r, the center frequency of the reference carrier (
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is a positive integer determined based on the deployment..

The center frequency of the m-th component carrier is determined by the following step.

1) The intermediate center frequency is determined from that of the adjacent carrier as
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where Bm is the bandwidth of the m-th component carrier and 
[image: image9.wmf]f
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is the subcarrier spacing .

2)The center frequency of the m-th component carrier is 
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where 
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is the frequency raster defined in the system.

The permanent frequency offset 
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15.3.3.5.3 Data Transmission over guard subcarriers in multi-carrier operation

When contiguous carriers are involved in multi-carrier operation, the guard sub-carriers between contiguous frequency channels may be utilized for data transmission. During the network entry procedure defined in 15.2.x, the ABS will notify the information on availability of the guard resource for data transmission to the AMS.
15.3.x Physical Layer Processing for Multicarrier Support

15.3.x.1 Data Transmission over Guard Resource

Each carrier can exploit subcarriers at band edges as its additional data subcarriers. The guard resource forms integer multiples of PRUs. The resulting data subcarriers (including guard resource) form PRUs. The PRU structure used for guard resource is the same as the structure of the ordinary PRU in 15.3.5 and 15.3.7. For the carrier, CRUs may be constructed from the PRUs including PRUs from guard resource. 

The ABS provides information regarding the use of guard resource for data channels. Guard resource is not used for control channels transmission. Figure XX below illustrates example of exploiting guard resource for data transmission.
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Figure XX Example of data transmission using the guard subcarriers

15.3.x.2 Channel Coding, Modulation and MIMO Operation

The MAC PDU shall be processed by channel encoding, modulation and MIMO encoding as shown in 15.3.7, 15.3.10 and 15.3.12. The encoded packet may be transmitted over one or more carriers.
15.3.x.3 MAC PDU Transmission over Multiple Aggregated Carriers
A modulated symbol sequence can be segmented and transmitted over DRUs in one or multiple active carriers.

When a modulated symbol sequence is mapped to OFDMA data region in one of the active carriers, the same mapping rule for the single carrier burst mapping is applied. The allocation information shall be the same as the single carrier A-MAP IE format.
When a modulated symbol sequence is mapped to OFDMA data region in multiple active carriers, the modulated data sequence is segmented into blocks sized to fit into one or multiple LRU(s). Each segmented data block is mapped onto LRUs of the carrier with the lowest logical carrier index. This type of allocation is only allowed in DRU and the allocation information shall be sent through the primary carrier.
MC assignment A-MAP IE is used to allocate resources for the secondary carriers. MC assignment A-MAP IE shall always follow DL/UL basic assignment A-MAP IE and indicates addresses of resource in designated carriers with the same allocation information of the latest precedent DL/UL basic assignment A-MAP IE. The latest precedent DL/UL basic assignment A-MAP IE shall allocate only DRU resources.

MC assignment A-MAP IE may contain resource allocation information for up to Nalloc secondary carriers. The contents of MC assignment A-MAP IE for the secondary carrier is shown in Table 15.x.1. If the transmission order of basic assignment A-MAP IE for the primary carrier within a subframe is p, then the transmission order (k) of the MC assignment A-MAP IE contains the resource allocation information of the carriers whose logical carrier index is indexLogical determined by equation (xx).
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Table 15.x.1 The information fields of MC assignment A-MAP IE. 

	Syntax
	Size (bit)
	Description/Notes

	MC_Assignment_MAP_IE( ) {
	-
	

	Type
	4
	DL/UL MC_Assignment_A_MAP_IE

	Last MAP Indicator
	1
	0b0: Another A-MAP follows this A-MAP

0b1: No A-MAP follows this A-MAP

	Resource Allocation n
	TBD
	Resource assignment information for secondary carrier n

	Resource Allocation n+1
	TBD
	Resource assignment for secondary carrier n + 1

	Resource Allocation n+2
	TBD
	Resource assignment information for secondary carrier n + 2

	Reserved
	[TBD]
	Same size as DL/UL Basic assignment A-MAP IE

	MCRC 
	16
	CRC masked by STID 

	}
	
	


Last MAP Indicator 
The Last MAP indicator indicates whether current A-MAP IE is last or not. If this bit is set, the last allocation is included in the A-MAP. 

Resource Allocation n 

It contains resource allocation information of the n-th secondary carriers. If resource allocation is 0, there is no allocation on the carrier.
15.3.x.4 Downlink Control Structure for Multicarrier Support

All DL controls channel needed for single carrier operation are needed for the fully configured carrier. For partially configured carrier, DL control channels necessary for UL transmission are not present.

Obtaining System Information of Secondary Carriers

· For the case where the AMS can simultaneously decode multiple carriers, the AMS can decode the Superframe Headers of its secondary carriers. ABS may instruct the AMS, through control signaling on the primary carrier, to decode Superframe Headers of specific set of secondary carriers.

· When the AMS cannot simultaneously decode multiple carriers, the ABS can convey the system information of secondary carriers to AMS, through control signaling on the primary carrier.

15.3.x.4.1 A-PREAMBLE
Primary and Secondary A-PREAMBLE are present in a fully configured and partially configured carrier. In a fully configured and partially configured carrier, the location and transmission format of A-PREAMBLE is the same as that of the single carrier described in 15.3.6.1 

15.3.x.4.2 Super Frame Header
SFH is present in a fully configured and partially configured carrier. In a fully configured and partially configured carrier, the location and transmission format of P-SFH/S-SFH is the same as that of single carrier described in section 15.3.6. 

15.3.x.4.3 A-MAP
A-MAP is present in a fully configured carrier. The location and transmission format of A-MAP on the fully configured carrier is the same as that defined in 15.3.6.  

The A-MAP for unicast transmission is not presented on the partially configured carrier.

When A-MAP contains the allocation information of the secondary carrier, [TBD]-bits of carrier indicator is masked to CRC bits not masked by STID.
15.3.x.4.4 Additional Broadcast Information
All additional broadcast information related to multicarrier operation is carried with the fully configured carrier. Except uplink information, all additional broadcast information related to operation of partially configured carrier can be carried by the partially configured carrier.

15.3.x.5 Uplink Control Structure for Multicarrier Support

All UL controls channel needed for single carrier operation are supported for the fully configured carrier. A partially configured carrier does not have any uplink capability, optimized for downlink only transmissions such as multicast and broadcast services. 

15.3.x.5.1 UL Fast Feedback Channel

The ABS configures the set of carriers for which the AMS reports fast feedback information. The ABS may only allocate resource to the AMS on a subset of those configured carriers. Fast feedback information for link adaptation for SIMO and information for MIMO operation can be sent through the primary carrier. The fast feedback information related to the assigned secondary carriers can be carried in those carriers if supported by their configuration. 

ABS shall inform one of the following options to the AMS as channel quality information to be reported. 

· Wideband CQI over multiple active carriers.

· Wideband CQI over each carrier

· Subband CQI over each carrier 

15.3.x.5.2 UL HARQ Feedback Channel

HARQ feedback for PHY PDU sent across primary and secondary carriers can be carried in the primary carrier. HARQ feedback for PHY PDU sent in secondary is carried in the secondary if supported by the secondary carrier configuration

15.3.x.5.3 UL Ranging Channel

UL initial ranging for non-synchronized AMS is conducted on a fully configured carrier. UL periodic ranging for synchronized AMS is conducted on the primary carrier but may also be performed in a secondary carrier if supported by the secondary carrier. The periodic ranging on the secondary carrier may be autonomously performed by the AMS or directed by the ABS. The serving ABS transmits the ranging response on the same carrier that the UL ranging is received.

15.3.x.5.4 UL Sounding Channel

UL sounding is conducted on the primary and secondary carrier.

15.3.x.5.5 UL Bandwidth Request Channel

BW request channel is transmitted only on the primary carrier.
============================ End of Proposed Text ===============================
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