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1. SFN:

Pros:

· Solves the SCH collision problem

· Theoretically, SCH becomes even more robust

· SCH in the 1st frame so that QP is timely broadcast

Cons:

· Chained Effects

· All co-locating shares the same SCH symbol, this common SCH may propagate in the following chained cells scenario; since BS1 and BS5 are rather far away, it is not necessary for them to have the same SCH; there is no way to stop such unnecessary SCH propagations for the SFN design;
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· Common SCH Negotiation Complexity

· All coexisting BSs need to negotiate a common SCH before they can actually transmit, considering such negotiation is done through CBP, this would be quite complex and incur much delay time
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· E.g., BS1-5 are in coexistence mode transmitting a common SCH, a BS6 is powered up and negotiate with BS5; 
· if the negotiation takes place only with BS5, and BS5 agrees to share a few frames with BS6, BS5 still needs to distribute the new SCH information to BS1-4 before BS5/BS6 can actually transmit according to the new inter-frame sharing pattern; high complexity and large delay;
· if the negotiation takes place among BS1-6, the complexity and delay are even higher.
· Additional Buffer Time

· Additional buffer time is needed before and after the aggregated SCH, this buffer time may take 2 OFDM symbol’s time;
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· This increases the complexity of CPE when doing initialization, it needs to decode SCH before it knows what is immediately following, a time buffer, or a frame preamble;

· Aggregated super-frame preamble and SCH robustness

· Super-frame preamble is only for coarse synchronization, aggregated super-frame preambles make the synchronization accuracy even worse, which will definitely decrease the robustness of aggregated SCH that follows;

· AGC complexity

· Since the aggregated super-frame preamble and SCH have much power than usual bursts, a special AGC must be designed specifically for aggregated SCH detection;

· How can an access CPE adjust its AGC setting when trying to find a super-frame preamble and SCH, since the accessing CPE has no knowledge whether the WRAN is under normal mode or coexistence mode;

· BS-ID acquisition

· The SCH carries inter-frame sharing MAP information for the coexisting BS, to save overhead, it was suggested the SCH carries an index of BS instead of BS-ID; a CPE should download a table with index-to-BSID mapping information before it knows which frames it should go;

· Is such a table carried by a special SCH, so that this special SCH is transmitted every a few super-frames? this makes the system really complex, and a CPE may wait a few super-frames before it can really start initialization process; moreover, it makes the CPE more complex to differentiate a normal SCH and a specific SCH carrying the mapping table;

· Complexity in indentifying CPEs in overlapped area

2. Distributed SCH (D-SCH) Design

Pros

· Resolves the SCH collision problem

· Minimal modification is needed to the current SCH MAC message design

· Simple for CPE to access, minimal complexity increase at the CPE side

· High flexibility in inter-frame scheduling, each cell has its own SCH

· No buffer time need, propagation delay can be absorbed by RTG at the end of each frame; synchronization at the CPE is simple comparing to the other two schemes

· Better co-existence

· To a BS under coexistence mode, the unassigned frames are actually a kind of QP, during which the BS and its associated CPEs can perform sensing, neighbor discovery and inter-BS communication during SCWs;

· Since SCH is distributed, it is highly possible that a BS can receive SCH from neighboring cells, which improves the coexistence efficiency;

Cons

· More overhead
· See more detailed analysis later in this document;
· In-timely QP information 

· The QP scheduling for the current super-frame cannot be broadcast to CPE before its first allocated super-frame;

· This is actually not a serious problem, see more detailed analysis later in this document;

3. TDM-SCH (in the 1st frame) Design

Description
· SCH are not aggregated in the same OFDM symbol, but transmitted by different BSs during the 1st frame;
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Pros

· No SCH collision

· Timely QP

Cons

· Aggregated super-frame make the detection of SCH less robust

· Much more buffer time is needed

· CPE accessing complexity

· CPE needs to detect multiple SCHs from different BSs (i.e., with different propagation delay) within one frame; how to resolve the synchronization problem;

· It is actually an intra-frame sharing mechanism, which violates the motion that the granularity of coexistence resource sharing is one frame, which was passed during the May meeting in 2008.

Selected Concerns

· Overhead cost
· A quick comparison

· D-SCH needs (# of coexisting BSs)*2 OFDM symbol (one for super-frame preamble, one for SCH) for self-coexistence purpose; e.g, 4 coexisting BS => 8 OFDM symbol for coexistence purpose per super-frame;

· SFN needs 2 OFDM symbol per super-frame + 2 OFDM symbol’s buffer + a specific SCH (may needs several OFDM symbols to carry all the coexisting BS-IDs)/period for specific SCH; e.g. 4 coexisting BS and specific SCH to be transmitted every 4 super-frame => 4.25 OFDM symbol per super-frame

· TDM-SCH: 1 super-frame preamble symbol + (# of coexisting BSs)*1 + (# of coexisting BSs+1)* 1 OFDM buffer time; e.g., 4 coexisting BS => 10 OFDM symbols for coexistence purpose per super-frame;

· Summary

· D-SCH cost more overhead for coexistence purpose, but provides more robustness in SCH, simplicity and flexibility;

· TDM-SCH costs even more overhead;

· Timing of QP information

· If the QP is broadcast during the 1st frame, CPEs can acquire the QP scheduling at the 1st place;

· How would WRAN/CPE behave after acquiring the QP scheduling information under coexistence mode?

· Option 1: CPE do sensing locally during the scheduled QP, following the CPE automaton;

· Option 2: BS schedules CPE to do specific sensing during QP; however, BS cannot send sensing request before its 1st allocated frame;

· Under coexistence mode, all those un-assigned frames are equivalent QP for each WRAN;

· In D-SCH, even CPEs do not have QP scheduling knowledge before they receive the 1st allocated frame, they can do the CPE local automaton;

· The QP scheduling of current super-frame is determined at least at the end of the previous frame; if specific sensing scheduling is needed, a BS can inform its associated CPEs at the last frame in the previous frame;
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· For D-SCH, the only inefficiency occurs the QP scheduling for next super-frame of present cell cannot be determined before the transmission of the last frame in current super-frame

· It is a rather corner case

· It can be compensated by CPE local automaton

· In summary, under coexistence mode, if QP scheduling information of the present cell is broadcast during the 1st frame in a super-frame, or in the 1st allocated frame, has no significant effect to sensing performance;

A summary table is given below:

	
	SFN
	D-SCH
	TDM-SCH

	Chained Effect
	Yes
	No
	No

	Complexity of SCH Negotiation
	High
	Low
	Low

	Complexity for CPE Access
	High
	Low
	High

	Additional Buffer Time
	Yes
	No
	Yes

	Complexity of AGC design
	High
	Low
	Low

	Complexity of BS-ID Acquisition
	High
	Low
	Low

	Overhead
	Low
	Med.
	High

	Efficiency on QP Scheduling Broadcast
	High 
	Slightly Lower
	High


Abstract


This document gives a comparison among three possible coexistence modes, as an informative reference to the group.
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