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I. Introduction
Although the current standard drafts (16d/D5 and 16e/D3) define various types of PHY layers: different PHY modes (SCa, OFDM, and OFDMA) and different operating modes (sampling frequencies, channel bandwidth, FFT sizes, etc.), the seamless HO between these different modes is not allowed due to the lack of the MAC layer support. In this contribution, the examples of inter-FA and inter-PHY HO’s are given to promote the common understandings of the HO ad hoc groups, and the appropriate text changes are proposed to support these kinds of HO. 

II. Scenarios of Inter-FA and Inter-PHY Handovers

A. Inter-FA-Intra-BS Handovers

The typical scenario of inter-FA-intra-BS handovers occurs within a macro cell or a cell carrying heavy traffic. Such a BS should serve a large number of MSS and carry their heavy traffic. As per the 16e/D3 draft, a BS may cover only one FA. In addition, although such a BS having multiple FA, there is no way to indicate to which FA the MSS should perform a HO. 

More specifically, in case of a network deployment with frequency reuse of one, an MSS usually makes a HO to a BS without changing an FA. Hence, although the loading at each FA at the time of the initial entry is well balanced, some ‘hot’ FA of a BS may come into being. If the BS had multiple FA, it would be highly desired for a BS to balance loadings among multiple FA’s.
B. Inter-PHY Handovers

Obviously, the most typical scenario would be for an MSS to roam to another service provider or the network is built in multiple phases while mixing the PHY layer. Another typical scenario would be Micro/Macro Cell operation, which is often utilized to balance the network loading. For example, since a macro cell may require a huge throughput, a network designer may want to deploy a BS with a high BW and FFT size requirement (e.g. 20 MHz and 2k FFT size). But, micro cells which are overlayed under a macro cell would serve only stationary or pedestrian speed MSS. In addition, since they would be densely deployed over an area, their complexity should be low and require small BW and FFT size (e.g. 5 MHz and 512 FFT size). 
III. Proposed Text Changes
A. FA ID and PHY-MODE ID

FA ID
It should be defined by the service providers after in which frequency band their networks would be deployed. At this stage, the possible frequency band that a network can be deployed is 64 GHz wide. Hence, the exact meaning of an FA ID bit by bit is kind of meaningless. However, an 8-bit-long FA ID would be enough. 

PHY-MODE ID

PHY-MODE ID would be one byte long and able to describe the key feature of the SBC profile of BS such as the access mode (SCa, OFDM, and OFDMA), signal BW, sampling frequency, FFT size, etc. 

B. MOB-NBR-ADV message
Since the different FA within the same BS belongs to the BS, one might claim that the FA ID’s should be included in the DCD message. However, from the perspective of HO, the different FA is also another entity that a HO can be made to. Hence, it is right for the FA ID to be listed in MOB-NBR-ADV message. 
Also, note that this modified MOB-NBR-ADV message is based on the BS that have multiple sectors. 
	Syntax
	Size
	Notes

	MOB-NBR-ADV_Message_Format() {
	
	

	Management Message Type = 49
	8 bits
	

	Operator ID
	24 bits
	Unique ID assigned to the operator

	N_NEIGHBORS
	8 bits
	

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

	Neighbor BS-ID
	48 bits
	

	PHY-MODE_ID
	8 bits
	

	DL Physical Frequency
	32 bits
	

	Reserved
	2 bits
	

	N_sectors
	3 bits
	

	N_FA-ID
	3 bits
	

	For (i=0; i<N_sectors; i++){
	
	

	Preamble Index
	8 bits
	Preamble index is also used as sector ID.

	}
	
	

	For (i=0; i<N_FA-ID; i++){
	
	

	FA_ID
	8 bits
	FA_ID defined by the service provider

	}
	
	

	}
	
	

	HMAC tuple
	21 bytes
	See 11.4.11

	}
	
	


IV. Inter-FA HO
The call flow itself is the same as the inter-sector HO. If a HO is made within a BS (i.e. intra BS inter FA HO), the only difference in the HO network re-entry requires only an exchange of a pair of normal RNG-REQ/RSP message. However, in case of inter BS inter FA HO, which may incur by the BS direction, the HO re-entry procedure may follow the HO re-entry one described in C802.16e-04_106_Enhanced-HO-re-entry.doc. 

The required message changes are shown as the following:

(Note that the message changes are based on those proposed in C802.16e-04_105_Inter_Sector HO.doc.)

[Edit the MOB-BSHO-REQ messages]

	Syntax
	Size
	Notes

	MOB-BSHO-REQ_Message_Format() {
	
	

	Management Message Type = 52
	8 bits
	

	Estimated HO start
	8 bits
	

	Network Assisted HO supported
	1 bits
	

	Inter Sector HO
	1 bits
	

	Inter FA HO
	1 bits
	

	For (j=0 ; j<N_Recommended ; j++) {
	
	N_Recommended can be derived from the known length of the message

	Neighbor BS-ID
	48 bits
	

	If (Inter_Sector_HO == 1) {
	
	

	Preamble Index
	8 bits
	The preamble index of the target sector

	}
	
	

	If (Inter_FA_HO == 1) {
	
	

	FA_ID
	8 bits
	The FA_ID of the target 

	}
	
	

	HMAC tuple
	21 bytes
	

	}
	
	


[Edit the MOB-MSSHO-REQ messages]

	Syntax
	Size
	Notes

	MOB-BSHO-REQ_Message_Format() {
	
	

	Management Message Type = 53
	8 bits
	

	Estimated HO start
	8 bits
	

	Inter Sector HO
	1 bits
	

	Inter FA HO
	1 bits
	

	Reserved
	6 bits
	

	For (j=0 ; j<N_Recommended ; j++) {
	
	N_Recommended can be derived from the known length of the message

	Neighbor BS-ID
	48 bits
	

	If (Inter_Sector_HO == 1) {
	
	

	Preamble Index
	8 bits
	The preamble index of the target sector

	}
	
	

	If (Inter_FA_HO == 1) {
	
	

	FA_ID
	8 bits
	The FA_ID of the target 

	}
	
	

	}
	
	

	Estimated HO start
	8 bits
	The estimated HO time shall be the time for the recommended target BS.

	HMAC tuple
	21 bytes
	

	}
	
	


[Edit the MOB-BSHO-RSP messages]

	Syntax
	Size
	Notes

	MOB-BSHO-RSP_Message_Format() {
	
	

	Management Message Type = 54
	8 bits
	

	Estimated HO start
	8 bits
	

	Reserved
	5 bits
	

	Inter Sector HO
	1 bits
	

	Inter FA HO
	1 bits
	

	For (j=0 ; j<N_Recommended ; j++) {
	
	N_Recommended can be derived from the known length of the message

	Neighbor BS-ID
	48 bits
	

	If (Inter_Sector_HO == 1) {
	
	

	Preamble Index
	8 bits
	The preamble index of the target sector

	}
	
	

	If (Inter_FA_HO == 1) {
	
	

	FA_ID
	8 bits
	The FA_ID of the target 

	}
	
	

	HMAC tuple
	21 bytes
	

	}
	
	


[Edit the MOB-HO-IND messages]

	Syntax
	Size
	Notes

	MOB-HO-IND_Message_Format() {
	
	

	Management Message Type = 56
	8 bits
	

	Reserved
	4 bits
	Reserved; shall be set to zero

	Inter Sector HO
	1 bits
	

	Inter FA HO
	1 bits
	

	HO_IND_type
	2 bits
	00: Serving BS release

01: HO cancel

10: HO reject

11: reserved

	Neighbor BS-ID
	48 bits
	

	If (Inter_Sector_HO == 1) {
	
	

	Preamble Index
	8 bits
	The preamble index of the target sector

	}
	
	

	If (Inter_FA_HO == 1) {
	
	

	FA_ID
	8 bits
	The FA_ID of the target 

	}
	
	

	HMAC tuple
	21 bytes
	

	}
	
	


[Add the following sentences for the description of Inter_Sector_HO bit in ]
Inter_Sector_HO bit – It is set 1 if any of the recommended BS or the target BS are multi-sector BS.

[Add the following sentences for the description of Inter_FA_HO bit in ]
Inter_FA_HO bit – It is set 1 if the target FA is different from the current FA. 

