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Soft Handover Algorithm in OFDMA PHY mode
Sohyun Kim, Changhoi Koo, Jungje Son, Yong Chang, Jungwon Kim
Samsung Electronics Co., Ltd.
1 Introduction

This contribution proposes the enhanced MAC management message and scenario for Soft HO in PUSC zone in OFDMA PHY mode. It is well known that soft handover provides macro-diversity gain through the use of concurrent communications between mobile station (MS) and multiple base stations (BS’s). To support soft handover on downlink, multiple BSs should transmit the same data burst to MS at the same time, and the MS should be able to combine the receiving multiple data bursts. On uplink, the multiple BSs should be able to demodulate and decode the data burst sent by the MS.

The MSS must be able to communication with at least two BSs at the same time if the system supports soft HO. The BSS transmit the information about soft HO to MSS and MSS decides whether support soft HO. So the Enhanced MAC message and soft HO scenario must be needed. But the Soft HO is another solution of general HO algorithm. Then we must propose the enhanced MAC message and Soft HO scenario supported not only Soft HO but also present hard HO. 

2 Proposed Scheme
This contribution proposes modified MAC management message and scenario for Soft HO in PUSC zone in OFDMA PHY mode. In general, a  MSS can communicate with multiple BSs in the HO region but ,  only one Active BS is considered in the 802.16e/D3. Therefore, it is needed to define the multiple BS Set in the current version of 802.16e draft. We propose the ‘Soft Active BS set’ that is the BS set consist of BSs that is communicating the same data with the MSS at a same time. Similar call flow, procedures and HO messages exchange as defined in IEEE802.16e/D3 can be used for setting up the Soft Active Set and adding some information element. To support soft handover, multiple BSs should transmit the same data burst to MS at the same time, and the MS should be able to combine the receiving multiple data bursts. If The MSS move out of the HO region, certain BS may transmit data of low quality. The BS must be removed from the Soft Active BS set list and the MSS must not communicate with the BS.

The MSS may realize  that it is entering into Soft HO region by scanning the preamble CINR of neighbor BSs as shown in the figure1 when the preamble CINR margin between serving BS and the target BS is smaller than H_add. This parameter may be inserted in the SBC-RSP message. In that case, the MSS must transmit MSSHO-REQ messagein order to request Serving BS to add target BS to Soft Active BS set list and communicate with the target BS in the same time. The H_add parameter of the Figure 1 is the control point that the MSS can be indicated to be entering HO region and is not the control point of Soft HO. Therefore, the MSS may transmit MSSHO-REQ at this time to request hard HO. At this time, the MSS - request Serving BS to MSSHO-REQ without any indication of what kind of HO the MSS intend to. 

The decision of what kind of HO should be proceesed and HO scenario is made by the Serving BS.after receiving MSSHO-REQ message from the MSS. We need the information of the arrival time difference between the arrival time of serving BS and the arrival time of target BS to know whether Soft HO can be used. The arrival time difference should  be smaller than CP(cyclic prefix) to combine over two signals at the same time using the same sub-channel. Therefore the MSS has to provide this arrival time difference information in the MSSHO-REQ message. Then, the Serving BS can decide the kind of HO after receiving the MSSHO-REQ message and decoding the arrival time difference. If the arrival time difference is smaller than CP, the Serving BS can choose soft HO scenario, but the Serving BS may not select soft HO scenario in that case according to the capabilities of target BSs or own radio resource management. Since the availability of Soft handoff could be confirmed only by Serving BS like as addressed above, a MSS could not make a decision of Soft Handoff or initiate Soft handoff. Therefore the Serving BS should decide it performs Soft Handoff or not because only the BS knows the capabilities of target BSs and regards own radio resource management. 
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Figure 1. Soft HO time diagram

After receiving MSSHO-REQ message and make decision to perform soft HO, the Serving BS should communicate the new Soft Active BS andother neighbor BSs simultaneously using backbone messages because the new Soft Active BS could not accept the MSS because of its capability. If the serving BS receives the response message indicating that the MSS can be fully supported from the new Soft Active BS, the serving BS should send the BSHO-RSP message encoding the service level prediction of the new Active BS to be 4. 

The MSS finally decides the Target BS to be added to the Soft Active BS set and to soft handover encoding the HO-IND-type field in the HO-IND message. So we extend the length of HO-IND-type fields from to 4 bits using reserved bits. After sending the HO-IND message, the MSS must be ready to receive both the MAP of the serving BS and the MAP of the new Soft Active BS. The Serving BS receiving the HO-IND message from the MSS indicates the new Soft Active BS to allocate radio resources to the MSS using DL-MAP/UL-MAP. 

If the CINR margin between the preamble CINR of serving BS and that of target BS is lager than H_delete while the MSS is communicating with both Serving BS and Target BS in the Soft Active BS set, the MSS must request to remove the serving BS from the Soft Active BE set as shown in the figure1. This H_delete parameter may be inserted in the SBC-RSP message. If the number of Soft Active BS is only two and the one BS is removed from the Soft Active BS set list using HO-IND message (HO-IND-type= 0011), the MSS understand that it moves out of HO region and communicate with only one serving BS. 
3 Proposed Changes in Document
3.5.4 Soft Active BS

The BS that communicate the same data with the MSS in the same time in the case of Soft HO.
[Modify the MSS HO Request (MOB-MSSHO-REQ) message]

6.3.2.3.55 MSS HO Request (MOB-MSSHO-REQ) message
Table 92i- MOB-MSSHO-REQ message Format
	Syntax
	Size
	Notes

	MOB-MSSHO-REQ_Message_Format() {
	
	

	  Management Message Type = 53
	8 bits
	

	    for ( i= 0;i<N_Recommended; i++) {
	
	

	      Neighbor BS_ID
	48 bits
	If Sector system be used, this ID consist Basestation ID(40bits) and Sector ID(8bits) 

Or another new sector ID(8bits) must be added in this messagae.

	      BS CINR mean
	8 bits
	

	      Service level prediction 
	8 bits
	

	      Arrival Time difference Indication
	1 bit
	

	If(Arrival Time difference Indication ==1){
	
	

	        Arrival Time Difference
	8bits
	

	}
	
	

	    }
	
	

	    Estimated action time
	8 bits
	The estimated action time shall be the time for the recommended target BS

	    HMAC Tuple
	21bytes
	See 11.4.11

	}
	
	


Arrival Time Difference
the received downlink signal time difference between the arrival time of Serving BS and the arrival time of Target BS
[Modify the BS HO Response (MOB_BSHO-RSP) message]

6.3.2.3.56 BS HO Response (MOB_BSHO-RSP) message
Table 92j- MOB-BSHO-RSP Message Format
	Syntax
	Size
	Notes

	MOB-BSHO-RSP_Message_Format() {
	
	

	  Management Message Type = 52
	8 bits
	

	  Estimated HO start
	8bits
	

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

	     Neighbor BS_ID
	48 bits
	If Sector system be used, this ID consist Basestation ID(40bits) and Sector ID(8bits) 

Or another new sector ID(8bits) must be added in this messagae.

	     Service level prediction 
	8 bits
	0: No service possible for this MSS

1: Some service is available for one or several Service Flows authorized for the MSS

2: For each authorized Service Flow, a MAC connection can be established with QoS specified by the AuthorizedQoSParamSet.

3:No service prediction avaiable

4: Soft HO support

	    }
	
	

	}
	
	


[Modify the HO indication (MOB-HO-IND) message]

6.3.2.3.57 HO Indication (MOB-HO-IND) message

Table 92k- MOB-HO-IND Message Format

	Syntax
	Size
	Notes

	MOB-HO-IND_Message_Format () {
	
	

	  Management Message Type = 56
	8 bits
	

	  Reserved
	4 bits
	

	    HO_IND_Type
	4 bits
	0000: serving BS release

0001: HO cancel

0010: HO reject

0011: Soft Active BS delete

0100: Soft Active BS add

0101~1111: reserved

	    Target_BS_ID
	48 bits
	If HO_IND_Type is 0000, target BS ID means the BS to release MSS.

If HO_IND_Type is 0011, target BS ID means the BS deleted to Soft Active BS set.
If HO_IND_Type is 0011, target BS ID means the BS added to Soft Active BS set.



	}
	
	


[Add the following text to section 6.3.20.1.1]
The MSS can communicate with multiple BSs in the HO region using Soft HO. The Soft Active BS set which mean the BS set communicating the same data with the MSS in the same time. To support soft handover, multiple BSs should transmit the same data burst to MS at the same time, and the MS should be able to combine the receiving multiple data bursts. If The MSS move out of the HO region, certain BS may transmit data of low quality. The BS must be removed from the Soft Active BS set list and the MSS must not communicate with the BS.

[Add a section 6.3.20.2.6]

6.3.20.2.6.1 Soft HO Decision and Initiation

The MSS may know entering into Soft HO region to scan the preamble CINR of neighbor BSs. If the preamble CINR margin between serving BS and the target BS is smaller than H_add. This parameter may be inserted in the SBC-RSP message. The MSS must transmit MSSHO-REQ message to request to add target BS to Soft Active BS set list and communicate with the target BS in the same time. 
6.3.20.2.6.2 Add the Soft Active BS and Soft HO start
The Serving BS may decide the kind of HO and HO scenario after receiving MSSHO-REQ message. The arrival time difference encoded in the MSSHO-REQ message must be smaller than CP(cyclic prefix) to combine over two signals at the same time using the same sub-channel. If the arrival time difference is smaller than CP, the Serving BS can choose soft HO scenario. But BS may not select soft HO scenario in that case according to the capabilities of target BSs or own radio resource management. So the Serving BS must decide the kind of HO because the only the BS knows the capabilities of target BSs and regards own radio resource management.

After receiving MSSHO-REQ message and deciding soft HO, the Serving BS must communicate with not only the new Soft Active BS but also the other neighbor BSs using backbone messages because the new Soft Active BS cannot accept the MSS because of its capability. If the serving BS receives the response message that the MSS can be fully supported from the new Soft Active BS, the serving BS must send the BSHO-RSP message encoding the service level prediction of the new Active BS to be 4. 
The MSS finally decides the Target BS to be added to the Soft Active BS set and to soft handover encoding the HO-IND-type in the HO-IND message. So we increase the length of HO-IND-type fields from 2 bits to 4 bits using reserved bits. After sending the HO-IND message, the MSS must be ready to receive both the MAP of the serving BS and the MAP of the new Soft Active BS. The Serving BS receiving the HO-IND message from the MSS indicates the new Soft Active BS to allocate radio resources to the MSS using DL-MAP/UL-MAP. 
6.3.20.2.6.3 Delete the Soft Active BS
If the CINR margin between the preamble CINR of serving BS and that of target BS is lager than H_delete during the MSS communicate with both Serving BS and Target BS in the Soft Active BS set, the MSS must request to remove the serving BS from the Soft Active BS set sending the HO-IND message encoded the HO-IND-type field to be 0011. This H_delete parameter may be inserted in the SBC-RSP message. 
6.3.20.2.6.3 Delete the Soft Active BS
If the number of Soft Active BS is only two and the one BS be removed from the Soft Active BS set list using HO-IND message encoding the HO-IND-type to be 0011, the MSS moves out of HO region and communicate with only one serving BS.

[Modify the SBC-RSP (SBC-RSP) message]

11.8.2.6.3 OFDMA CINR to add a BS to Soft Active Set 
	Type
	Length
	Value
	Scope

	153
	1
	CINR margin between Serving BS and Target BS to add Target BS to Soft Active BS set

	SBC-RSP


11.8.2.6.4 OFDMA CINR to delete a BS from Soft Active Set
	Type
	Length
	Value
	Scope

	154
	1
	CINR margin between Target BS and Serving BS to delete Target BS from Soft Active BS set.
	SBC-RSP
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Figure E.12—Example Soft HO ( Add the BS to Soft Active BS set)
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Figure E.13—Example Soft HO ( Delete the BS from Soft Active BS set)
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