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A flexible approach for 802.16m compatibility with legacy 802.16 systems 
Mariana Goldhamer

Alvarion Ltd.
Legacy compatibility in SDD (System Description Document)
The existing solution for the 802.16m compatibility with 802.16 Legacy systems (802.16e-2005, 802.16 Rev 2) negatively affects the OFDMA design for the best performance. This solution has only limited flexibly regarding the combined Legacy – 802.16m operation.
More details regarding the disadvantages of the existing solution are provided below.
Backward compatibility - proposed solution
The new solution has two elements:
1. Frames based on Legacy and 802.16m PHYs will be interleaved inside a 802.16m multi-frame

· different interleaving schemes are defined to offer flexibility for the Legacy usage
2. 802.16m stations will have to support both 802.16m and the Legacy mode of operation

a. Traffic scheduling may take place independent of the used PHY

i. PDU (protocol data unit) may be transmitted within each frame, using the appropriate PHY mode, while the MAC may aggregate the data provided by the both PHYs.
b. Retransmissions will be done in an appropriate mode for each specific PHY

c. MIMO operation will be specific for each PHY mode.

3. The superframe structure will be broadcast through MAC messages for both Legacy and 802.16m terminals

a. Suitable support shall be introduced in 802.16-Rev 2, to indicate the scheduling of the new PHY during the Superframe.

Below are examples of the 802.16m super-frame, with different Legacy/802.16m occupancy will have the following variants, providing flexibility for different Legacy/802.16m split levels:
Table 1: Split between Legacy and 802.16m operation
	Super Frame type
	802.16m occupancy bit-map
	802.16-Rev 2 occupancy bit-map
	Comments

	1
	1000
	0111
	75% Legacy

	2
	1010
	0101
	50% Legacy, min. delay

	3
	1100
	0011
	50% Legacy

	4
	1110
	0001
	25% Legacy

	5
	1111
	0000
	16m only



[image: image1]
Fig. 1    Split between Legacy and 802.16m operation
802.16m Zones inside the Legacy Frames

More flexibility of allocation can be obtained if the 802.16m Zones, based in general on 6 symbols, will be scheduled inside the 802.16e Frames. Fig. 2 shows such a possibility.

         
[image: image2]
Fig. 2    Scheduling 802.16m Zones inside the Legacy frames
For this kink of scheduling the Legacy systems have to accept Zones which are dedicated to other technologies, while the 802.16m Control Channel shall be able to schedule the 802.16m Zones inside the full Superframe, and not only inside one or two Frames.
Using different PHY parameters

During each of the frames may be used OFDM technologies with different PHY parameters. For example, the Legacy OFDMA uses a sampling rate such to produce 48 symbols per 5ms frame and 10MHz channels. Some time is leaved for two Tx/Rx switching points. 802.16m can use different sampling rates, which will allow the operation with sub-frames having always data transmitted in 6 symbols. If one symbol is used at the start of the DL frame for synchronization and one at the start of the UL frame for sounding, the optimal number of symbols per frame will be 50. We give in continuation an example of design for 50 symbols a frame and two Tx/Rx switching points. If the sounding symbol will not be used, the optimum number of symbols per frame will be 49.
Different PHY parameters, as the sampling rate, can be used within each of the frames. The sampling rate is a digital setting to the device used a clock generator and we will indicate this setting in the following tables. 

An extension of this principle is to define a control element which pre-schedules the PHY modes and the relevant PHY parameters to be used for groups of symbols within the superframe.
Adding flexibility to the Legacy/802.16m combined operation

As can be seen in continuation, we consider that a different and more optimized set of OFDMA parameters can be derived for the 802.16m operation. This new set of parameters assumes that a sampling rate, which is different from the Legacy sample rate, will be used. It is more convenient to change the sample rate at frame boundary, instead of changing it within a frame. 802.16m Zones, defined according to 802.16m sub-frame rules and using the 802.16m carrier permutations and a suitable sampling rate (may be different from the Legacy sampling rate) can operate during the Legacy Frames.

The conditions for such combined operation during a Superframe are:

· at least one downlink sub-frame, positioned at the frame start and containing control information, will be defined as 802.16m frame; this frame will mark the start of the 802.16m superframe (20ms) and will contain the scheduling information for the 802.16m Zones inside the 802.16e;
· at least one downlink sub-frame, transmitting Legacy preambles, Frame Control Header and MAPs, will be defined as Legacy frame; this frame may schedule the expected times for down-link and up-link Legacy transmissions over the next 20ms;
· in case of FDD operation, a time interval containing the BS transmission and including a control channel can stand for frame start.
In fig. 3 is shown an example of combined Legacy/802.16m operation within a superframe, based on multiples of the 802.16m sub-frame of 6 symbols. 
     
[image: image3]
Fig. 3   Flexible Legacy and 802.16m interleaving
In order to achieve this capability, are needed:
· inclusion within the Legacy standard the assertion of terminal capability to work without preambles at the frame start

· for those terminals which do not support operation without regular preambles:

· define a power saving type which specifies the frames during which should not be expected downlink operation or both downlink and uplink operation

· an alternative solution will be to establish the DL intervals for which a subscriber station or mobile station should not expect preambles, control information or data communication.

Common MAC and different PHY technologies
The approach for the combined Legacy/802.16m operation can further take advantage of the commonality of the MAC procedures. For example, an 802.16m SS/MS is able to work with both Legacy and 802.16m PHY technologies. If the Base Station is supporting both PHY modes, it is possible to schedule, using the same CID (connection identifier), data transmissions using the appropriate PHY technology used within the target communication interval. The preferred retransmission mode is the simple ARQ, because the HARQ using different PHY technologies may be more problematic.
Conclusions

We have presented here an approach which adds full flexibility to 802.16e/802.16m combined operation. 
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