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FDD Frame Structure Supporting TDD-based Legacy Systems for P802.16m
Pei-Kai Liao, I-Kang Fu, Chih-Yuan Lin, Ciou-Ping Wu, and Paul Cheng
MediaTek Inc.

I. Introduction

In current IEEE 802.16 systems, TDD duplex mode is the most matured one. According to ITU-R, the duplex mode of IEEE 802.16 systems got passed as part of IMT-2000 is TDD as well. Therefore, even though 802.16m system supports FDD duplex mode, it still has to face backward compatibility issue with TDD-based legacy systems because there is probably no FDD-based legacy system. In [1], we have already proposed an FDD frame structure design where 802.16m system can coexist with FDD-based systems. In this contribution, we will propose a frame structure design to resolve this issue for both full-duplex and half-duplex MS operations so as to allow FDD-based 802.16m system coexist with TDD-based legacy systems. Unlike tradition method (two additional new frequency bands are required), only one additional new frequency band is needed. This not only improves frequency band reuse rate but also largely decreases the cost of buying frequency bands for service providers. Note that the values of channel bandwidths shown in the following figures are just used for illustration. Practical applications are not limited to them.
II. F-FDD Frame Structure Supporting TDD-based Legacy Systems
Fig. 1 shows an example for the proposed F-FDD frame structure for 802.16m system when it coexists with TDD-based legacy systems. The idea is similar to FDD frame structure supporting FDD-based legacy systems. The difference is that TDD-based legacy systems coexist with 802.16m system in uplink band only. This is because downlink traffic is usually heavier and requires more radio resources. By having a dedicated frequency band only for 16m DL, the format of preamble, FCH, MAP, sub-carrier permutation and other control message may be redesigned and different from legacy systems. This will be beneficial for TGm to develop more efficient MAC for 16m DL to meet SRD performance requirements.
1. Shared band: Since only uplink part of 802.16m system shares the frequency band with TDD-based legacy systems, the uplink portion of 802.16m system can be aggregated with uplink portion of legacy systems to minimize the transition time overhead. Only TTG and residual idle time are required, which may be smaller than that of TDD-based legacy system. Since the channel is not reciprocal between 16m DL and UL, 16m MS may need to transmit some reference signal in 16m UL for channel estimation or other purpose. A simple idea is provided in Fig. 3 by locating UL ranging channel (or similar contention channel) over frequency domain in 16m UL channel. So that 16m MS may transmit some reference signal (e.g. ranging code) over such contention channel. In Fig. 2, it shows the migration process from TDD-based legacy systems to FDD-based 802.16m system in the shared band. At the beginning, only one timeslot, which is defined as an independent radio resource allocation region, has uplink portion. After the number of legacy users further decreases, new uplink portion rises in another timeslot. Note that the BS needs to determine the range of 16m UL based on the requirement from 16e legacy mode to ensure the backward compatibility.

2. 16m only band: In the downlink band of 802.16m system, resource allocation is just like to that in FDD frame structure with no legacy supporting. One preamble is used for each 5-ms radio frame and each divided timeslot has its own MAP information. The preamble may be aligned with legacy one or shifted one or multiple timeslots. For the MS supporting 16m only, it can scan the 16m preamble and control message to acquire system information and frame boundary in 16m DL channel. Then it may perform ranging over 16m UL ranging channel, where its location can be indicated from 16m DL.
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Figure 1 – Proposed F-FDD frame structure for 802.16m system when it coexists with TDD legacy systems
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Figure 2 – System migration process for uplink band
III. H-FDD Frame Structure Supporting TDD-based Legacy Systems
Fig. 3 shows an example for the proposed H-FDD frame structure for 802.16m system when it coexists with TDD-based legacy systems. For half-duplex MS operation, similar ideas in [1] can be applied. The difference is that TDD-based legacy systems coexist with 802.16m system in uplink band only. Just like F-FDD case, 802.16m BS is allowed to enable this mode if the migration from TDD-based service to H-FDD-based service is necessary.
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Figure 3 – Proposed H-FDD frame structure for 802.16m system when it coexists with TDD legacy systems over different channel band widths
1. Shared band: Resource allocation in H-FDD scheme is similar to that in F-FDD. The only difference is that 16m users are divided into two user group and each user group can not access downlink and uplink bands simultaneously. In the shared band, just like F-FDD, the uplink portion of both user groups are aggregated with that of legacy users to minimize the transition time overhead. Fig. 4 shows the migration process from TDD-based legacy systems to 802.16m system. At most three switching points are needed in this example. Since the channel is not reciprocal between 16m DL and UL, 16m MS may need to transmit some reference signal in 16m UL for channel estimation or other purpose. Just like F-FDD scheme, an UL ranging channel (or similar contention channel) is put over frequency domain in 16m UL channel for each user group. In this example, only one ranging channel is required for each radio frame but more may be needed if channel condition is poor. Note that the BS needs to determine the range of 16m UL based on the requirement from 16e legacy mode to ensure the backward compatibility.
2. 16m only band: In downlink band of 802.16m system, resource allocation is also similar to that in Fig. 2. The only difference is that 16m users are divided into two user groups to share the radio resources. One preamble is used for each 5-ms radio frame and users in both user groups share the same preamble. For each user group, one radio frame is divided into two timeslot. Each divided timeslot has its own MAP information to allocate radio resources. The preamble may be aligned with legacy one or shifted one or multiple timeslots.
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Figure 4 – System migration process for uplink band
IV. Proposed Text
---------------------------------------------------------Start of the Text-----------------------------------------------------------

[Editor’s Notes: add the following into the TGm System Description Document]

11.4.x Frame Structure Supporting Legacy Frames in FDD Mode
11.4.x.3 Coexistence with TDD Legacy Frames
For the coexistence with TDD legacy systems, 802.16m FDD frame structure supporting TDD legacy frames is illustrated in Figure 11.4.x-3 and 11.4.x-4. When the legacy support is enabled, the legacy frames and 802.16m frames are offset by a fixed number of OFDM symbols to allow the new designs of synchronization signals for 802.16m system. Instead of three frequency bands, two frequency bands are used to accommodate FDD 802.16m and TDD legacy systems. As shown in Figure 11.4.x-3 and 11.4.x-4, the 802.16m FDD frame structure supports TDD legacy frames by having the legacy portion and the 802.16m uplink portion sharing the 802.16m air link in a time-division manner for both full-duplex and half-duplex MS operations. In this shared channel, legacy systems perform both downlink and uplink data transmission while 802.16m system perform uplink only. For 802.16m downlink portion, a new frequency band is used for downlink data transmission without any legacy support issue.
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Figure 11.4.x-3: FDD Frame Structure Supporting TDD Legacy Frames for Full-duplex MS Operation

For full-duplex MS operation as shown in Figure 11.4.x-3, 802.16m frame is divided into two or several permutation zones. Each permutation zone (or mini-frame) carries its own MAP information and the valid time of MAP information for uplink channel is delayed one permutation zone so that MSs can transmit their data based on the decoded MAP information received in previous downlink permutation zone. 

For Half-duplex MS operation as shown in Figure 11.4.x-4, 802.16m users are divided into two user groups. 802.16m sync signal is shared by two user groups. The downlink/uplink timing of each user group is shifted by a fixed number of OFDM symbols from each other to form a staggered structure. When the legacy support is enabled, the uplink portions of both 802.16m user groups are aggregated with the legacy uplink sub-frame. For 802.16m users, each user group has at least one DL/UL cycle in one radio frame. The DL/UL cycle period can be further shortened to enhance low latency support after legacy users diminish.

[image: image6.emf]16m Radio Frame

16m DL

sub-frame

(User Group A)

16m DL

sub-frame

(User Group B)

16m DL

sub-frame

(User Group A)

16m DL

sub-frame

(User Group B)

16m SuperFrame n

16m Radio Frame

Superframe n-1

Superframe n+1

Legacy 5ms frame Legacy 5ms Frame

…...

DL 

sub-fr

16m sync signal

16e preamble

DL 

sub-fr

Legacy 

UL sub-fr

…...

DL 

sub-fr

16m sync signal

…...

…...

16e preamble

16e preamble

Legacy MS’s 

view

16m  MS’s view

16m  BS’s view

Shared

Channel

16m only

Channel

Uplink

Channel

Downlink

Channel

…...

…...

16m DL

sub-frame

(User Group A)

16m DL

sub-frame

(User Group B)

16m DL

sub-frame

(User Group A)

16m DL

sub-frame

(User Group B)

16m UL

sub-fr

(UG A)

16m UL

sub-fr

(UG B)

DL 

sub-fr

Legacy 

UL sub-fr

16m UL

sub-fr

(UG A)

16m UL

sub-fr

(UG B)

DL 

sub-fr

Legacy 

UL sub-fr

DL 

sub-fr

Legacy 

UL sub-fr

16m DL

sub-frame

(User Group A)

16m DL

sub-frame

(User Group B)

16m DL

sub-frame

(User Group A)

16m DL

sub-frame

(User Group B)

16m DL

sub-frame

(User Group A)

16m DL

sub-frame

(User Group B)

16m DL

sub-frame

(User Group A)

16m DL

sub-frame

(User Group B)

16m UL

sub-fr

(UG A)

16m UL

sub-fr

(UG B)

16m UL

sub-fr

(UG A)

16m UL

sub-fr

(UG B)


Figure 11.4.x-4: FDD Frame Structure Supporting TDD Legacy Frames for Half-duplex MS Operation
-----------------------------------------------------------End of the Text---------------------------------------------------------
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