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Diversity Zone for Handoff
Beceem Communications
1. Problem Statement
The current IEEE 802.16 standard specifies three different methods for HandOff (HO), each with its own advantages and disadvantages. The main objective of this contribution is to augment the HO procedures defined in the standard by introducing the concept of a diversity HO zone which combines the benefits of different HO forms. The current IEEE 802.16 standard specifies the following:

· Hard Handover from one BS (serving BS) to another BS (target BS)

· HO happens by the MS and BS exchanging MAC management messages
· The MS essentially switches from one BS to another

· This is the only form of Handoff that is part of the WiMAX profile

· Fast Base Station Switching (FBSS)

·  Still a hard handover, i.e., it is a break-then-make form of handover
·  But the MS switches from one BS to another in a fast, proactive manner

·  Not part of the WiMAX profile

· Macro Diversity Handover (MDHO)

· Unlike the above two, it is a make-before-break handover
· Multiple BS-s collectively transmit the same information to the MS

· MS typically combines the received signals using separate FFT for each BS

· Diversity selection is done on the Uplink 
· Not part of the WiMAX profile

Each of the three methods have their own share of advantages and disadvantages, which we list below:
Hard Handover from one BS to another BS (default method)      

The main advantage of the HHO method is that it is the simplest of all the three, both from BS and ASN standpoint as well as MS standpoint. However, there are several deficiencies of this approach. The HO signaling includes multiple UL messages which need contention based BW allocation. As a result, HO latency can be high and the HO procedure may be unreliable. As a result, the BS and/or MS needs proper choice of HO triggers and frequency planning to achieve reasonable performance. It is also important to note that this technique does not leverage diversity combining (across BS-s). It is only diversity switching.

Fast Base Station Switching (FBSS) 
The main advantage of FBSS is that it can potentially be faster than HHO as the CQICH channel can be used for HO signaling. However, this procedure requires accurate tuning of add/delete thresholds for Active set maintenance (i.e., the set of potential Anchor BS-s). Like HHO, this too does not leverage diversity combining (across BS-s). It is only diversity switching
Macro Diversity Handover (MDHO)
The main advantage of MDHO is that it is the only diversity combining HO technique described in the standard. As a result, MDHO can lead to improved reliability of the overall HO process as the interfering signal becomes desired signal (interfering BS/sector transmits the user information along with the current serving BS). This advantage, however, comes with the disadvantage that it results in a significant increase in complexity on the MS side. The allocations from different BS-s overlap in the same “logical” portion of the time-frequency rectangle while each BS continues to use its own DL permutation to send traffic to the MS. This means that MS needs to track channel from individual base stations, thereby increasing the complexity of the mobile station’s receiver. Moreover, the other disadvantage of MDHO is that the MS and BS constantly maintain an active set which is the set of BS-s that can potentially participate in the MDHO handover with the MS. This results in additional overhead and complexity to the system (FBSS also has this disadvantage).
In the next section we describe the method for improving the reliability and latency of the Handoff process using the diversity HO zone. 
2. Details of the Diversity HO Zone

      
In the diversity HO zone, all BS-s (sectors) involved in transmitting the signal to the BS use the same 
DL sub-carrier permutation. This results in increased CINR and reliability of messages/traffic to the MS. 
On the Uplink, selection diversity can be used by the BS-s to improve the quality. The figures below 
illustrates the diversity zone concept. 
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The group of BS-s participating in the diversity HO zone for an MS can be done in two ways. First, is to 
reuse the existing active set maintenance procedures described for MDHO (same applicable for FBSS). 
Second is to choose a pre-determined the pattern of BS-s that participate in the zone. For example, in the 
figure above, BS1 sector 2, BS2 sector 0 and BS3 sector 1 can form one group. The latter approach is 
clearly sub-optimal with respect to the set of sectors that are best suited for an MS. However, it incurs 
very little overhead, relatively.
3. How it differs from MDHO and MBS
There are three different methods in which MDHO allocations can be made to the MS, none of which correspond the allocation method used in the proposed Diversity HO zone contribution. 
· The first MDHO allocation method is via the Data Location in Another BS IE (Section 8.4.5.3.6). This IE specifies the logical location of the burst transmitted by the serving BS (in frame N) and one other BS (in frame N+m, where m>=1). It includes the Preamble Index of the other BS as well as the sub-channel groups used so that the MS can combine. The limitation of this IE is that only two BS-s and/or sectors can co-operate and allocations have to be non-STC mode. In contrast to this approach, allocations in the HO diversity zone are made in a separate DL zone where any number of BS-s and/or sectors can co-operate in the same Frame N (STC or non-STC).
· The second MDHO allocation method is via the MIMO in Another BS IE (Section 8.4.5.3.17). This IE is used to specify the MIMO allocations coming from different BS-s and/or sectors. It specifies the ID cell and subchannel groups used by the other BS so that the MS can decode. The difference with respect to the Data Location in Another BS IE is that here the allocations happen in the same frame and logical subcarriers (but, naturally, on different physical subcarriers). 
· The third MDHO allocation method is via the Macro-MIMO DL Basic IE (Section 8.4.5.3.18). This is the only IE which has the concept of a zone. Two different BS-s and/or sectors transmit MIMO-A or MIMO-B whereby each BS/sector acts as an antenna in the MIMO mode. This is in stark contrast to using multiple antennas at a sector to transmit the MIMO signal and the neighboring BS doing the same thing. 

Finally, it is to be commented that MBS is not applicable here because MBS zone and signaling is only for Multicast CID and not for traffic CID. Note that Multicast CID are denoted via 12 bits only while Traffic CIDs are denoted by 16 bits. 

4. Proposed text changes to the 802.16Rev2 draft 

Add the following to Section 8.4.5.3, Page 861 of P802.16Rev2/D1.


The allocations in the diversity HO zone shall be made using the Diversity_HO_zone_IE() and the zone 
itself shall be described using the STC_DL_Zone_IE(). The Diversity_HO_zone_IE() shall be sent only 
by the Anchor BS and the format shall be as specified below:
	Syntax
	Size
	Notes

	Diversity_HO_Zone_IE() {
	
	

	Extended-2 DIUC
	4 bits
	Diversity_HO_Zone_IE()=0x0D

	Length
	8 bits
	--

	DIUC
	4 bits
	--

	CID
	16 bits
	

	OFDMA Symbol Offset
	8 bits
	The offset of the OFDMA symbol in which the burst starts, measured in OFDMA symbols from beginning of the downlink frame in which the DL-MAP is transmitted.

	Subchannel offset
	6 bits
	The lowest index OFDMA subchannel used for carrying the burst, starting from subchannel 0.

	Boosting
	3 bits
	Refer to Table 273

	No. OFDMA Symbols
	6 bits
	--

	No. Subchannels
	6 bits
	--

	Repetition Coding Information
	2 bits
	0b00—No repetition coding

0b01—Repetition coding of 2 used

0b10—Repetition coding of 4 used

0b11—Repetition coding of 6 used

	If !(byte boundary) {
	
	

	    Padding Nibble
	Variable
	Padding to reach byte boundary

	  }
	
	

	}
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Identical physical AND logical sub-channels in Diversity HO zone





Different physical and/or logical sub-channels in all other zones
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