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Multi-Carrier Capability Negotiation and Carrier Assignment 
during Initial Network Entry and Network Reentry 
Hsiao-Chen Lu, Chih-Hsiang Tang, Sheng-Wei Lin, Wanjiun Liao, I-Kang Fu, Paul Cheng

National Taiwan University (NTU)/MediaTek

I. Introduction

  Multi-carrier operation will be an important feature for WiMAX Release 2.0 and for IEEE 802.16m so as to meet the IMT-Advanced requirements on 100Mbps/1Gbps peak transmission rate requirements for low/high speed environments. Therefore, it is a reasonable assumption that the single-carrier/multi-carrier AMSs/ABSs will coexist in IEEE 802.16m based WiMAX 2.0 networks.
According to P802.16m System Description Document (SDD), the multi-carrier AMS will start the network entry procedure from the primary carrier as the way like single carrier AMS. However, additional information related to multi-carrier operation shall also be exchanged during the network entry stage, so that ABS can determine which carriers to be assigned to the multi-carrier AMS. Since this step is not necessary for the single carrier AMS and the multi-carrier operation shall not be activated for the non-authenticated AMS, the most reasonable way is exchanging the detailed information related to multi-carrier operation after the authentication. In other words, this is done by additional message exchange rather than embedded in SBC-REQ/RSP.
The first objective of this contribution is to discuss the possible information which needs to be known by ABS for carrier assignment, so as to conclude the reasonable IE format for the multi-carrier capability exchange messages. Note that this message can be a new message, or a TLV appending after some existing messages.

The second objective of this contribution is to investigate the potential problem by carrier reassignment during the network reentry. Because the network reentry should be done through the potential primary carrier of the target ABS, the supportable user throughput will be degraded during the network reentry procedure until the new assigned carriers are granted and the traffic streams are resumed. In order to prevent the performance degradation during the network reentry procedure for multi-carrier AMSs, there shall be some mechanism for multi-carrier AMSs to pre-negotiate the assigned carriers in advance of the network reentry and to recommend which carriers to be assigned. The best case is that the target ABS can reuse the assigned carriers as those used in the serving ABSs. The detailed design to achieve this objective can be further discussed by TGm members.
II. Problem Analysis
Before finishing the network entry procedure, ABS has to choose a set of carriers from the available carriers as the assigned carriers for each multi-carrier AMS. The set of assigned carriers are essential for both ABS and AMS. Based on the information of assigned carriers, AMS can pre-configure its PHY layer settings before the carriers are activated, thus enabling efficient switching among carriers and reducing the possibility of connection interruption. For ABS, AMSs to whom a carrier is assigned can be utilized to estimate the load and capacity of that carrier, helping ABS justify whether or not the carrier is suitable for accommodating a newly arriving AMS, and to maintain the stability of the carrier. Therefore, the allocation of assigned carriers has great impact on system performance. In what follows, we further discuss the problems that may be encountered without proper management and allocation of assigned secondary carriers, especially in the network entry procedure.
Consider the example shown in Fig. 1. An AMS, associated with ABS1, is assigned one primary carrier (carrier #1) and one secondary carrier (carrier #2). On the carriers of that AMS, the on-going data traffic is carried. Now suppose that AMS is handing over to ABS2 and the available carriers of ABS1 and ABS2 are both carriers #1, #2, #3 and #4. AMS has to perform the network reentry procedure on the target primary carrier of ABS2. Assume that the target primary carrier AMS selected is carrier #2. AMS thus negotiates with ABS2 via carrier #2 regarding their multi-carrier capabilities. Without violating the multi-carrier requirements of AMS and the admission policy of itself, ABS2 may choose some of its available carriers as the assigned secondary carriers to AMS. Suppose that carrier # 1 and carrier # 3 of ABS2 are both capable of supporting the PHY configuration and traffic demand of AMS, but that the traffic load of carrier #3 is lighter than that of carrier #1. ABS2 thus assigns carrier #3 as the secondary carrier to AMS. Consequently, AMS has to adjust its center frequency and/or PHY configurations, as shown in Fig. 2, before AMS can start data connections on carrier #2 and carrier #3. For other examples (e.g., bandwidth of carrier#1 and #3 are different), an extra PHY reconfiguration latency may be resulted and the quality of the on-going data connections may be degraded. Clearly, this PHY reconfiguration latency could be eliminated if ABS2 can take into account the originally assigned secondary carriers of AMS and allocate carrier #1 instead of carrier #3 as the new secondary carrier. Although the example in Fig. 1 is for network reentry, this problem may also occur during initial network entry but with more tolerable latency since the service has not been initiated.
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Figure 1 An example of AMS handing over from ABS1 to ABS2
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Figure 2 The PHY reconfiguration of AMS after HO

III. Recommended Procedure for Carrier Assignment during Initial Network Entry and Network Reentry
To solve the problem described in the previous section and to determine the set of assigned carriers which is beneficial for both ABS and AMS, the recommended procedure is to:

1. Allow AMS to recommend the carriers to be assigned during initial network entry and network reentry

2. Allow AMS to pre-negotiate the assigned carrier with the target BS before handover initiation

The following is an example of the message exchange for multi-carrier capability negotiation, which is proceeded after AMS is authenticated by ABS.
During the network entry procedure on the primary carrier, both AMS and ABS exchange their multi-carrier capabilities. ABS will send additional broadcast information (e.g., a new MC-ADV message) to AMS via the primary carrier, indicating the multi-carrier configurations, ABS’s available carriers, the corresponding PHY parameters, the traffic load on each carrier and all other related information. MC-ADV can be broadcast periodically by ABS so that the existing AMSs can monitor the changes in carrier load and configurations, and it may also be sent as a unicast message upon AMS’s request. AMS, based on the information obtained from ABS, and its local information, including carrier condition, the device hardware capability, and traffic demand, can evaluate the feasibility of supporting each available carrier. AMS can choose, among the available carriers, its candidate assigned carriers according to its multi-carrier capability and also the utility of each available carrier. Then AMS can send a message to ABS (e.g., a new SMC-REQ message), indicating its MC capability, traffic demand (e.g., minimum/maximum traffic amount per frame) and the requested assigned carriers.

However, if a handover event occurs, the reentry AMS will most likely hope the target ABS to assign the same secondary carriers as those used in the previous serving cell so as to avoid re-configuring its PHY (and/or RF) settings. Upon further detailed operations agreed by TGm member, the AMS may either send the recommended assigned carrier to the target ABS during the network reentry procedure, or the serving ABS may forward this information to neighboring ABSs before the handover initiation. 
Having received SMC-REQ, ABS can determine whether or not to allocate the requested assigned carriers to AMS, according to AMS’s multi-carrier capability and ABS’s admission control policy. For example, if ABS detects the assigned carrier recommendation without other detailed multi-carrier capability by AMS, it may have no way but follow the recommendation by AMS. This allows, as much as possible, the same assigned carrier for the on-going connection to be maintained, leading to better connection quality. Moreover, the target ABS can also re-assign the secondary carriers upon its load distribution, the standard needs only to provide the supporting protocol so that the operator can determine their own policies. Finally, ABS will inform AMS of the granted assigned carriers and the related PHY parameters via the SMC-RSP message. The motivation is to allow AMS to have a chance to make recommendation based on its status so as to best utilize its hardware capability and to reduce performance degradation during network reentry. An example of the message flow is shown in Fig. 3. 
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Figure 3 Message flow example for carrier assignment during network entry

MC-ADV (Multi-carrier Configuration Advertisement): message to inform ABS's multi-carrier configurations, capabilities and the related information to AMS;
SMC-REQ (SS Multi-carrier Capability Request) : message for AMS to inform ABS its multi-carrier capability and its recommended assigned carriers;
SMC-RSP (SS Multi-carrier Capability Response) : message for ABS to inform AMS its decision on the assigned carriers and the related parameters
Note that the SMC-REQ/RSP message may be a new message only for multi-carrier support or a new TLVs appending after the existing messages. For example, the information carried in SMC-REQ/RSP may also be the new TLVs for REG-REQ/RSP messages. The MC-ADV is expected to be for multi-carrier operation only because the current NBR-ADV message is already overcrowded. But these can be further discussed by TGm members.
IV. Text Proposal
----------------------------------------------------------------Start of the Text----------------------------------------------------
[Add the following text into P802.16m Amendment Working Document (AWD)]
15.2.4 MAC Management Messages
15.2.3.x MOB_MC-ADV (Multi-Carrier Advertisement) message
BS’s supporting multi-carrier functionality shall be capable of transmitting an MOB_MC-ADV management message at a periodic interval (MOB_MC-ADV interval) to identify the multi-carrier configuration and define the physical layer parameters associated with the available carriers of the serving and neighboring ABSs to the potential AMS seeking initial network entry or HO.
Table xxx MOB_MC-ADV message format

	Syntax
	Size (bit)
	Notes

	MOB_MC-ADV_Message_format() {
	-
	-

	Management Message Type = xx
	8
	-

	N_NEIGHBORS
	8
	-

	For (i=0; i< N_NEIGHBORS; i++) {
	-
	j=0 refers to serving ABS

	Multi-Carrier Capability
	2
	00: Support Single Carrier Only

01: Support Multi-Carrier Aggregation

10: Support Multi-Carrier Switching

11: Reserved

	Support Guard Sub-Carrier Data Transmission
	TBD
	TBD

	Reference Carrier Index
	TBD
	The carrier where AMS received this message, which refers to the following configuration with j=0.

	N_BANDCLASSES
	3
	-

	For (j=0; j< N_BANDCLASSES; j++) {
	
	

	  Band Class Index
	3
	Index refers to Table xxx

	  Lowest FA Index
	TBD
	The FA index associated with the carrier with the lowest center frequency in this band class

	  Multi-Carrier Configuration
	TBD
	Index refers to Table 648, which is sorted from the carrier associated with the lowest FA index.

	}
	
	

	}
	
	


15.2.3.x+1 SMC-REQ (SS Multi-Carrier capability request) message
The SMC-REQ message shall be transmitted by SS after authentication during initialization. An SS shall generate SMC-REQ messages in the form as shown in Table yyy

Table yyy SMC-REQ message format

	Syntax
	Size (bit)
	Notes

	MOB_SMC-REQ_Message_format() {
	-
	-

	Management Message Type = xx
	8
	-

	TLV Encoded Information
	variable
	TLV Specific

	}
	
	


15.2.3.x+2 SMC-RSP (SS Multi-Carrier capability response) message
The SMC-RSP message shall be transmitted by ABS in response to a received SMC-REQ.
Table zzz SMC-RSP message format

	Syntax
	Size (bit)
	Notes

	MOB_SMC-RSP_Message_format() {
	-
	-

	Management Message Type = xx
	8
	-

	TLV Encoded Information
	variable
	TLV Specific

	}
	
	


15.a TLV Encodings
15.a.1 SMC-REQ/RSP management message encodings

The TLV encodings defined in Table yyy through Table zzz and this subclause are specific to the SMC-REQ (15.2.3.x.y+1) and SMC-RSP (15.2.3.x.y+2) MAC management message dialog.
Table kkk SMC-REQ/RSP management message encodings

	Type
	Parameter
	Type
	Parameter

	1
	Basic multi-carrier capability 
	6
	Assigned carriers request

	2
	Number of RF transmitters
	7
	Priority of assigned carriers

	3
	Number of RF receivers
	8
	Assigned carriers grant

	4
	Supportable RF band
	9
	MC capability adjustment

	5
	Minimum throughput
	
	


15.a.1.1 Basic Multi-Carrier Capability 

	Type
	Length
	Value
	Scope

	1
	2
	00: Support Single Carrier Only

01: Support Multi-Carrier Aggregation

10: Support Multi-Carrier Switching

11: Reserved
	SMC-REQ


15.a.1.2 Number of Transmit Antennas
	Type
	Length
	Value
	Scope

	2
	2
	1,2,3,4
	SMC-REQ


15.a.1.3 Number of Receive Antennas
	Type
	Length
	Value
	Scope

	3
	2
	1,2,3,4
	SMC-REQ


15.a.1.4 Supportable Band Classes
	Type
	Length
	Value
	Scope

	4
	TBD
	Bitmap. 0: not supported; 1: supported
	SMC-REQ


15.a.1.5 Minimum throughput

	Type
	Length
	Value
	Scope

	5
	TBD
	Minimum amount of traffic in a frame
	SMC-REQ


15.a.1.6 Assigned Carriers Recommendation
	Type
	Length
	Value
	Scope

	6
	TBD
	Bitmap. 0: not requested; 1: requested
	SMC-REQ


15.a.1.7 Priority of Assigned carriers

	Type
	Length
	Value
	Scope

	7
	TBD
	Bitmap. 1: Recommended Carriers; 0: Non-Recommended Carriers
	SMC-REQ-


15.a.1.8 Assigned carriers grant
	Type
	Length
	Value
	Scope

	8
	TBD
	Bitmap. 0: not granted; 1: granted
	SMC-RSP


15.a.1.9 Multi-Carrier Capability Update
	Type
	Length
	Value
	Scope

	9
	TBD
	TBD
	SMC-RSP


-----------------------------------------------------------------End of the Text----------------------------------------------------
V. Summary
This contribution investigates various issues regarding multi-carrier operation for network entry and re-entry procedures. With proper carrier assignment, each AMS is able to pre-configure its PHY layer settings before the carriers are activated. This will enable efficient switching among carriers and reduce the probability that the existing connections are interrupted. We also observe that proper carrier management plays a crucial role in such operations as handover. Based on current understanding on TGm members’ consensus and the aforementioned issues, we conclude with a proper message flow procedure between AMS and ABS. This procedure is applicable for both newly arriving multi-carrier AMS and one in handover. 
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