
IEEE C802.16m-09/0087

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	Carrier Indices for Multicarrier Support

	Date Submitted
	2009-01-05

	Source(s)
	Youngsoo Yuk, Inuk Jung, Ronny Yongho Kim and Kiseon Ryu
LG Electronic Inc. 
Jia Lin,  Junxian Mo and  Li Li 

Huawei Technologies 

	Voice: +82-31-450-7808
E-mail: sixs@lge.com, cooper@lge.com, ronnykim@lge.com, ksryu@lge.com

linjia@huawei.com


	Re:
	In response to the TGm SDD Call for Contributions and Comments 802.16m-08/003r6 for Session 59, on the SDD Section 19.4

	Abstract
	This contribution covers the considerations about the new definition of the secondary carriers for multicarrier support

	Purpose
	To be discussed and adopted by TGm for use in the IEEE 802.16m SDD

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


Carrier Indices for Multicarrier Support
Youngsoo Yuk, Inuk Jung, Ronny Yong-ho Kim and Kiseon Ryu

LG Electronics
Jia Lin, Junxian Mo and  Li Li 

Huawei Technologies
1. Physical and Logical Carrier Index
To inform the characteristics of multiple carriers, each carrier should have a unique index in an ABS (We call it a physical carrier index here after). However, this unique index is not efficient in the point of the data allocation for an AMS. Whenever ABS transmits the data through the multiple carriers, it should inform the indices of all allocated carriers and the allocation order to each AMS. To minimize the overhead, we introduced AMS-specific logical carrier index in [1]. 
During the negotiation procedure of initial entry, ABS allocates assigned secondary carriers and their logical carrier indices to the ABS. The logical carrier indices may be determined by ABS’s policy (ABS loading condition, scheduling policy, and etc). The logical index is used for an order of the activation of the carrier as well as the order of the data mapping shown in Sec. 19.3.5 of IEEE 802.16m-08/003r6.  

The logical carrier index can be used for more efficient carrier management. In this case, each secondary carrier has its activation order (same as the logical carrier index), and the required number of carriers is enough for the control signaling. With the AMS-specific logical carrier index, the only additional thing to do is that an ABS may send the number of active carriers to AMSs during DSx (Dynamic Service Add/Delete/Change) procedures. Since the services are maintained with a long-term duration, the additional overhead is negligible. 
Though we can expect some gain of frequency selectivity from the carrier selection without the predetermined activating order, the expected gain may not be large enough to compensate the control overhead. The size of BW is more important factor for frequency selectivity rather than location of carriers, if the carriers are located in similar frequency bands. It is possible that some carriers in the lower band (e.g.: 700MHz) can have advantages to the carriers in the higher band (2.5 or 3.4GHz). Since all AMSs may want to use the lower band, the preference may not be changed dynamically. The allocation may be performed by the policy of the ABS.

Figure 1 shows the concept of the logical carrier index with an example. 

An ABS has 4 OFDMA carriers, and each carrier has its unique physical carrier index. There are two AMSs having different multicarrier capability. AMS1 has an ability to communicate with all 4 OFDMA carriers, while AMS2 can communicate with only two OFDMA carriers. The number of assigned secondary carriers is determined by the capability of AMS. 

Because of the service variation, the usage of each carrier can be varied. If the logical carrier indices are efficiently allocated, we can avoid heavy load concentration by distributing the data to multiple carriers.
As you can see in Figure 1, the total usages of all carriers are well distributed to both AMSs.
By using the logical carrier index, we can reduce the indication overhead with little loss of the advantage of the multicarrier support. 

We can summarize the benefits of he concept of AMS-specific logical index as follows. 
First, AMS-specific logical index is good to reduce the control overhead.
· Easy to concatenate multiple resource blocks from multiple OFDMA carriers.

· Simple indication of the used carriers.

· Easy to indicate the resource allocation information in case that all resource allocation informations are sent on the primary carrier. (The carrier index is not required to be sent on the USCCH).
Second, it is good to control the load balancing of the carriers. By differentiating the order of activated carriers between AMSs, the operator can have simple control mechanism for load balancing according to their control policy. Sometimes, the BW of carriers can be a factor of allocation. The probability of occupancy may be different with their logical index.
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Figure 1. Logical Carrier Index
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============================== Start of Proposed Text =================================

19.4 MAC Aspect of OFDMA Multi-carrier Operation
19.4.7.x Carrier Indices
Each OFDMA carrier has its own physical carrier index which is unique within an ABS.
The allocated carriers to an AMS have their logical carrier indices which are specified for an AMS. 
The logical carrier index for a primary carrier is the lowest value (e.g. 0) among them, and each secondary carrier has its own logical carrier index. 

The logical carrier indices are used as activation orders of the secondary carriers, and an AMS can know its active secondary carriers by referring the number of active secondary carriers and their logical carrier indices.

============================== End of Proposed Text =================================
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