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Handover in the Presence of Frequency Shift Repeater
Toshiyuki Kuze, Kentarou Sawa
Mitsubishi Electric Corp

Zhifeng (Jeff) Tao, Jinyun Zhang

Mitsubishi Electric Research Lab
1. Introduction
This contribution explains both the inter-FA and intra-FA handover operation, when frequency shift repeater (FSR) has been deployed in the network.  In addition, intra-cell handover, which is the handover between outdoor frequency and indoor frequency, will also be discussed in this contribution. 
In a network that uses FSR, the concept intra-FA handover and inter-FA handover are defined for the outdoor frequencies. Specifically, if the target outdoor frequency is same as the serving outdoor frequency, it’s intra-FA handover. Meanwhile, if the target outdoor frequency is different from the serving outdoor frequency, it’s inter-FA handover.  Note that MS may handover to the indoor frequency that FSR uses as well. 
In contribution C802.16maint-08/295r2 ‎[1], we propose to introduce a new TLV called FSR frequency TLV.  This TLV is broadcast by the BS in DCD/UCD message to indicate the frequency band used by the FSR to communicate with mobile stations.  For the sake of simplicity, we will categorize a device (i.e., MS or BS) as Rev2 device or legacy device, depending on whether or not it can support this new FSR frequency TLV.  For example, those MSs that can understand FSR frequency TLV will be referred to as Rev2 MSs.  
For simple FSRs, both the outdoor and indoor frequency should be specified in advance by operator. Therefore, the mapping relation between outside and inside frequency would be fixed in the operator network.  In this contribution, only simple FSRs following this fixed mapping approach will be considered.
2. Handover
2.1 Rev2 MS and Rev2 BS
(a) Intra-FA Handover
Figure 1 illustrates the scenario of intra-FA handover that may involve an FSR.  
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Figure 1: Intra-FA handover

When an MS receives an FSR center frequency TLV in DCD/UCD message in the serving cell, it knows that FSR may exist in the serving cell.  Similarly, when an MS receives an FSR center frequency TLV in MOB_NBR-ADV message, it learns that FSR may exist in the corresponding neighbor cell. 

In the intra-FA handover, Rev2 MS can have two frequency candidates for MOB_NBR_ADV message, if the outdoor frequency is the frequency shifted by FSR.  One is outdoor frequency (e.g., F2), and another is indoor frequency (e.g., F1).
1) HO from BS#2 to BS#1

· BS can use outdoor “center frequency TLV “(e.g., F2) in DCD/UCD of the serving cell to start the intra-FA handover operation. 

· If MS cannot synchronize with the target intra-FA HO frequency (e.g., F2), or the signal quality is not good enough on that frequency (e.g., F2), MS may seek handover to FSR indoor frequency (e.g., F1).

2) HO from BS#1 to BS#2

· BS can use center frequency TLV in DCD/UCD of the serving cell to start the intra-FA handover operation.

(b) Inter-FA Handover

In the inter-FA handover, the center frequency TLV for outdoor environment of the target cell is included in the MOB_NBR-ADV message. And in order to specify the FSR frequency, BS may include the FSR center frequency TLV in this MOB_NBR-ADV message.  
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Figure 2: Inter-FA handover
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Figure 3: Message flow for inter-FA handover

(c) Intra-Cell Handover

Intra-cell handover is the handover between the BS and FSR.  Since FSR and BS belong to the same cell, this handover is call intra-cell handover.

1) Outdoor to indoor intra-cell handover
Figure 4 shows the intra-cell handover from outdoor to indoor. 
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Figure 4: Intra-cell handover from outdoor to indoor
DCD/UCD approach: When MS moves from outdoor to indoor, it may get disconnected and start the hard handover process.  If MS gets synchronized with the indoor frequency (e.g., F1), MS decodes DCD/UCD and compares the BSID in F2 with BSID in F1.  If BSID is same in outdoor frequency and indoor frequency, MS notices it is an intra-cell handover.  In this intra-cell handover, MS will start the re-entry process instead of the hard handover process.  The detailed message flow is shown in Figure 5 .
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Figure 5: Intra-cell handover from outdoor to indoor (DCD/UCD approach)
NBR-ADV approach: As an alternative, if BS includes the FSR frequency TLV for indoor frequency (e.g., F1) in the NBR-ADV message, MS can scan the frequency according to the NBR-ADV message.  When MS selects the indoor frequency in the same cell, MS would start the intra-cell handover.  MS can omit part of the regular handover process and use re-entry process instead.
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Figure 6: Intra-cell handover from outdoor to indoor (NBR-ADV approach)
2) Indoor to outdoor intra-cell handover

Figure 7 shows the intra-cell handover from indoor to outdoor. 
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Figure 7: Intra-cell handover from indoor to outdoor
DCD/UCD approach: By decoding of DCD/UCD, MS can detect the intra-cell handover. The BSID in the outdoor frequency (e.g., F2) equals to the BSID in the indoor frequency (e.g., F1). MS will start the reentry process instead of the hard handover process.
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Figure 8: Intra-cell handover from indoor to outdoor (DCD/UCD approach)

NBR-ADV approach: By using NBR-ADV, MS can decide the intra-cell handover. In the intra-cell handover, MS will start the reentry process instead of the handover process. 
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Figure 9: Intra-cell handover from indoor to outdoor (NBR-ADV approach)

3. Proposed Text

6.3.2.3.42 MOB_NBR-ADV (neighbor advertisement) message
[Change the paragraph as follows]

BSs supporting mobile functionality shall be capable of transmitting a MOB_NBR-ADV management message at a periodic interval (MOB_NBR-ADV interval; see Table 550) to identify the network and define the characteristics of neighbor target BS to potential MS seeking initial network entry or HO. For the compression of neighbor BSIDs using this message in MOB_SCN-REQ, MOB_SCN-RSP, MOB_SCN-REP and MOB_MSHO-REQ messages, the BS shall keep a mapping-table of neighbor BS MAC addresses and neighbor BS indexes transmitted through MOB_NBR-ADV message, for each Configuration Change Count. Using these mapping-tables, BSs can derive 48-bit neighbor BSID from neighbor BS index included in MOB_SCN-REQ, MOB_SCNRSP, MOB_SCN-REP or MOB_MSHO-REQ messages. MOB_SCN-REQ, MOB_SCN-RSP, and MOB_SCN-REP messages may identify the MOB_NBR-ADV BS indexes using a BS index bitmap (Nbr_Index_Bitmap), where a BS index corresponds to the position of a BS in the MOB_NBR-ADV message and a bit position in the bitmap corresponds to a BS index of the MOB_NBR-ADV.
[Change the paragraph as follows]

The following TLV parameters may be included. 
DCD_settings 
The DCD_settings is a compound TLV that encapsulates TLVs from the neighbor BS’ DCD message that may be transmitted in the advertised BS downlink channel. This information is intended to enable fast synchronization of the MS with the advertised BS downlink. The DCD settings fields shall contain only neighbor’s DCD TLV values that are different from the serving BS corresponding values or from the DCD_settings of the previous neighbor target BS, which-ever is referenced by the DCD/UCD Reference Indicator in the PHY Profile ID. neighbor target BS TLVs that are already represented within the fixed fields of the MOB_NBR-ADV message (e.g., BS_EIRP, DCD configuration change count, neighbor BSID) shall be excluded. For values that are not included, the MS shall assume they are identical to the corresponding values of the serving BS. The duplicate TLV encoding parameters within a neighbor target BS shall not be included in DCD setting. If the set of paging groups with which the neighbor target BS is affiliated is different from the set of paging groups with which the Serving BS is affiliated, the Paging Group ID TLV, containing all the paging groups with which the neighbor BS is affiliated, shall be included. 
UCD_settings 
The UCD_settings is a compound TLV that encapsulates TLVs from the neighbor target BS’ UCD message that may be transmitted in the advertised BS downlink channel. This information is intended to enable fast synchronization of the MS with the advertised BS uplink. The UCD set-tings fields shall contain only neighbor’s UCD TLV values that are different from the serving BS’s corresponding values or from the UCD_settings of the previous neighbor target BS, whichever is referenced by the DCD/UCD Reference Indicator in the PHY Profile ID.  Neighbor target BS UCD TLVs that are already represented within the fixed fields of the MOB_NBR-ADV message (e.g., UCD configuration change count) shall be excluded. For values that are not included, the MS shall assume they are identical to the serving BS’s corresponding values. The duplicate TLV encoding within a neighbor target BS shall not be included in UCD setting. Note: the fixed fields of the neighbor target BS’ UCD message may be represented by UCD TLVs 198 through 201.
[Insert the following subclause]

6.3.27 FSR support

6.3.27.2 Inter-FA Handover

Figure 1 illustrates the scenario of intra-FA handover that may involve an FSR.  
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Figure 1: Intra-FA handover

When an MS receives an FSR center frequency TLV in DCD/UCD message in the serving cell, it knows that FSR may exist in the serving cell.  Similarly, when an MS receives an FSR center frequency TLV in MOB_NBR-ADV message, it learns that FSR may exist in the corresponding neighbor cell. 

In the intra-FA handover, Rev2 MS can have two frequency candidates for MOB_NBR_ADV message, if the outdoor frequency is the frequency shifted by FSR.  One is outdoor frequency (e.g., F2), and another is indoor frequency (e.g., F1).
1) HO from BS#2 to BS#1

· BS can use outdoor “center frequency TLV “(e.g., F2) in DCD/UCD of the serving cell to start the intra-FA handover operation. 

· If MS cannot synchronize with the target intra-FA HO frequency (e.g., F2), or the signal quality is not good enough on that frequency (e.g., F2), MS may seek handover to FSR indoor frequency (e.g., F1).

2) HO from BS#1 to BS#2

· BS can use center frequency TLV in DCD/UCD of the serving cell to start the intra-FA handover operation.

6.3.27.3 Intra-FA Handover

In the inter-FA handover, the center frequency TLV for outdoor environment of the target cell is included in the MOB_NBR-ADV message. And in order to specify the FSR frequency, BS may include the FSR center frequency TLV in this MOB_NBR-ADV message.  
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Figure 2: Inter-FA handover

6.3.27.4 Intra-cell handover

Intra-cell handover is the handover between the BS and FSR.  Since FSR and BS belong to the same cell, this handover is call intra-cell handover.

1) Outdoor to indoor intra-cell handover

Figure 4 shows the intra-cell handover from outdoor to indoor. 
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Figure 4: Intra-cell handover from outdoor to indoor

DCD/UCD approach: When MS moves from outdoor to indoor, it may get disconnected and start the hard handover process.  If MS gets synchronized with the indoor frequency (e.g., F1), MS decodes DCD/UCD and compares the BSID in F2 with BSID in F1.  If BSID is same in outdoor frequency and indoor frequency, MS notices it is an intra-cell handover.  In this intra-cell handover, MS will start the re-entry process instead of the hard handover process.  The detailed message flow is shown in Figure 5 .
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Figure 5: Intra-cell handover from outdoor to indoor (DCD/UCD approach)

NBR-ADV approach: As an alternative, if BS includes the FSR frequency TLV for indoor frequency (e.g., F1) in the NBR-ADV message, MS can scan the frequency according to the NBR-ADV message.  When MS selects the indoor frequency in the same cell, MS would start the intra-cell handover.  MS can omit part of the regular handover process and use re-entry process instead.

In the serving cell, MS might handover to the different frequency. If target BSID in MSHO-REQ is same as one of BSIDs in the serving cell, BS would understand that this handover is intra-cell handover. In this case, BS can omit the sequence to exchange MS information to the neighbor BS.
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Figure 6: Intra-cell handover from outdoor to indoor (NBR-ADV approach)

2) Indoor to outdoor intra-cell handover

Figure 7 shows the intra-cell handover from indoor to outdoor. 
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Figure 7: Intra-cell handover from indoor to outdoor

DCD/UCD approach: By decoding of DCD/UCD, MS can detect the intra-cell handover. The BSID in the outdoor frequency (e.g., F2) equals to the BSID in the indoor frequency (e.g., F1). MS will start the reentry process instead of the hard handover process.
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Figure 8: Intra-cell handover from indoor to outdoor (DCD/UCD approach)

NBR-ADV approach: By using NBR-ADV, MS can decide the intra-cell handover. In the intra-cell handover, MS will start the reentry process instead of the handover process. 
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Figure 9: Intra-cell handover from indoor to outdoor (NBR-ADV approach)
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