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1. Introduction
In IEEE 802.16m system requirement document (SDD) [1], it has been agreed that IEEE 802.16m shall support intra-frequency handover with handover interruption time no more than 30ms, and also support inter-frequency handover with interruption time no more than 100ms. However, based on the primitive handover procedure defined in IEEE 802.16e system as shown in Fig. 1 [2], it is clearly not sufficient to achieve such a stringent requirement. Therefore, in this contribution, we intend to improve the primitive handover procedure so as to further save the handover interruption time. More specific details are described as follows. 
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Fig. 1.
The primitive handover procedure in IEEE 802.16e system
2. Proposed Early UL Synchronization Method
This contribution proposes that a BS may reserve and allocate a few CDMA ranging codes to its neighbor BSs in advance. These reserved CDMA ranging codes may be allocated in the initial network deployment; thereafter, a BS may negotiate with its neighbor BSs in order to dynamically adjust the number of reserved ranging codes. With these ranging codes belonging to neighbor BSs in hand, a BS can assign these codes to MSs for accessing the neighboring BSs. As long as a MS sends a reserved ranging code to the neighbor BS, this neighbor BS might not identify the MS but can identify the serving BS of the MS according to the used CDMA ranging code. Therefore, the requested BS can reply the calculated timing adjust information to the serving BS through the backbone networks. In this manner, a MS can ask the neighbouring BS for UL timing offset adjustment without a need of waiting for the RNG-RSP message from the requested BS. Applying this mechanism into the handover procedure, we find that the overall handover interruption time can be further shortened.
As shown in Fig. 2, when a handover decision is made, the serving BS sends a “handover implication” message which contains some information to the MS for performing the proposed early UL synchronization. For example, this message may include the target BS identifier, a reserved CDMA ranging code, and an idle period. The CDMA ranging code assigned in this handover implication message is reserved from the target BS as we introduce above. Besides, in order to avoid CDMA code collisions, the serving BS has to assure that a reserved CDMA code is not assigned to more than one MS at the same time. In addition, the handover implication message might also contain an idle period to assure that no data is scheduled to the MS during the early UL synchronization process. This idle period can be scheduled by the serving BS with the knowledge of the incoming HO ranging opportunities in the target BS. After expiry of this idle period, this CDMA ranging code can be assigned to another handover MSs.
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Fig. 2.
Early UL Synchronization Procedure
In response to receiving the handover implication message, the MS initiates the early UL synchronization process by sending the assigned CDMA ranging code to target BS in the provided idle period. Moreover, the MS sends the reserved ranging code and then goes back to the serving BS immediately without a need of waiting for RNG-RSP message. That can shorten the UE detaching time from the serving BS (i.e., the assigned idle time). In the meanwhile, the serving BS and target BS negotiates with each other in order to prepare the handover (i.e., fast network re-entry process). Hence, the target BS can respond the calculated MS’s UL timing adjustment information through these Inter-BS handover preparation messages. In addition, it is worth noting that the target BS can also attach a UL grant resource information for the MS to send the RNG-REQ message after it detaches from the old serving cell. And this information can also be applied by the serving BS to determine the starting time that the MS switches to the target BS, so the handover interruption time can be further shortened. Besides, since MSs can perform the early UL synchronization procedure in parallel with the other handover process, it is expected to reduce the overall handover duration time.

Finally, the serving BS sends a MOB_BSHO-REQ message with handover starting time and other target cell information to the MS. After expiry of starting time in MOB_BSHO-REQ message, the MS detaches from the old serving cell and sends a RNG-REQ message to notify the target BS in the pre-allocated UL grant resource, which completes the handover procedure in the MS side.
3.
Conclusions

In this document, we propose that a BS may reserve a few CDMA ranging codes for its neighbour BSs in advance. On one hand, these ranging codes allow MSs performing “non-contention” based ranging process to avoid collision, and on the other hand the UE can send its CDMA ranging code to target BS and return to its serving BS immediately without waiting for RNG-RSP response from the target BS. Thus, it is clear that the overall handover interruption time can be reduced. Furthermore, since MSs can perform this procedure in parallel with the other handover preparation process, the overall handover duration is expected to be further shortened. As a consequence, we propose to capture the proposed text into the IEEE 802.16m system description document (SDD) [3].
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Proposed Text
The following text is proposed to be captured in the IEEE 802.16m system description document (SDD).
------------------------------------------------------- Start of the proposed text ------------------------------------------------
[Insert the following text into this section]
10.x.x
Early UL Synchronization
The early UL synchronization procedure is shown in Fig. X. The target BS has reserved one or more CDMA ranging codes to the serving BS. When a handover decision is made, the serving BS sends a “handover implication” message (which may include a target BS identifier, a reserved CDMA ranging code, an idle period, etc.) to the MS for performing the early UL synchronization. In order to avoid CDMA code collisions, the serving BS has to assure that a reserved CDMA code is not assigned to more than one MS at the same time. In addition, the idle period may be scheduled by the serving BS with the knowledge of the incoming HO ranging opportunities in the target BS to assure that no data is scheduled to the MS during the early UL synchronization process. 
In response to receiving the handover implication message, the MS initiates the early UL synchronization process by sending the assigned CDMA ranging code to target BS in the provided idle period. Moreover, the MS sends the reserved ranging code and then goes back to the serving BS without a need of waiting for RNG-RSP message. And the target BS responds the calculated MS’s UL timing adjustment information through Inter-BS handover preparation messages (i.e. fast network re-entry process). In addition, the target BS can also provide an UL grant resource information for the MS to send the RNG-REQ message after it detaches from the old serving cell. And this information can also be applied by the serving BS to determine the starting time that the MS switches to the target BS.

Finally, the serving BS sends a MOB_BSHO-REQ message to provide some handover parameters (e.g., handover starting time, the UL grant information for sending RNG-REQ, other target cell information, etc.) to the MS. After expiry of starting time in MOB_BSHO-REQ message, the MS detaches from the old serving cell and sends a RNG-REQ message to notify the target BS in the pre-allocated UL grant resource, which completes the handover procedure in the MS side. 

[image: image3.emf]Handover Implication

MS Serving BS Target BS

RNG-REQ

MOB_BSHO-REQ

Make a HO decision

Inter-BS HO negotiation

(outside the scope of TGm task)

RNG-RSP

Resume user data transmission

H

a

n

d

o

v

e

r

 

I

n

t

e

r

r

u

p

t

i

o

n

 

t

i

m

e

CDMA Ranging Code


Fig. X.
Early UL Synchronization Procedure
-------------------------------------------------------- End of the text ------------------------------------------------------[image: image4.png]
































































































PAGE  
1

  


_1277276057.vsd
�

�

MS�

Serving BS�

Target BS


Handover Implication


RNG-REQ


MOB_BSHO-REQ


Make a HO decision




Inter-BS HO negotiation
(outside the scope of TGm task)�

CDMA Ranging Code


RNG-RSP


Resume user data transmission


Handover Interruption time



_1277276075.vsd
�

�

MS�

Serving BS�

Target BS


Handover Implication


RNG-REQ


MOB_BSHO-REQ


Make a HO decision




Inter-BS HO negotiation
(outside the scope of TGm task)�

CDMA Ranging Code


RNG-RSP


Resume user data transmission


Handover Interruption time



_1277203017.vsd
�

�

MS�

Serving BS�

Target BS


Inter-BS HO negotiation
(outside the scope of TGm task)�

Make a HO decision


CDMA Ranging Code


RNG-RSP


Resume user data transmission


MOB_BSHO-REQ


Network Re-entry�

MOB_HO-IND (optional)


CDMA allocation IE


RNG-REQ


RNG-RSP


Handover Interruption time



