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Frame Structure and Operation for H-FDD AMS (15.3.3)
Jaeweon Cho, Hokyu Choi
Samsung Electronics Co., Ltd.
1. Introduction
In this contribution, we propose a H-FDD operation with which an ABS supporting FDD mode can simultaneously support half duplex and full duplex AMSs operating on the same RF carrier. Our proposed solution for the H-FDD operation is to properly limit the number of the assigned HARQ connection to a H-FDD AMS, so as for ABS to support the AMS in the FDD frame structure, rather than to design a special frame configuration for the H-FDD operation. 

2. Expected Scenario and Design Criterion for 802.16m H-FDD 
It is expected that operation scenario of 802.16m H-FDD will be different from WiMAX R1.5 H-FDD. The rational of R1.5 H-FDD was to provide FDD MS to the market as soon as possible. So, it was believed then that H-FDD based on R1.0 TDD is the easiest way for it because the specification and profiling of R1.0 TDD is only complete enough. However, in case of 802.16m, profiling of FDD, H-FDD, and TDD should be developed simultaneously as long as the specification of FDD/H-FDD is ready. A time gap between appearances of FDD AMS and H-FDD AMS in the market will be small. So, we expect that 802.16m FDD system is operated with F-FDD AMS only, or a mix of FDD and H-FDD AMSs. An operation with H-FDD AMS only may be excluded from scenarios of 802.16m FDD.
Considering such expectation, a commonality in frame structure and operation between FDD and H-FDD is the key criterion in design of H-FDD protocol in 802.16m. With this criterion, we have developed and propose a solution for supporting H-FDD AMS in the FDD frame without any modification to the structure.
3. Proposed Operation of H-FDD AMS 
The proposed solution for the H-FDD operation is to properly limit the number of the assigned HARQ connection to a H-FDD AMS, so as for ABS to support the AMS in the same FDD frame structure. 
Figure 1 shows the frame structure and DL HARQ operation for 5/10/20MHz with processing time of 3subframes. As seen in the figure, eight DL HARQ connections can be operated parallel in the frame. Since H-FDD AMS is allowed only one of transmission and reception in a subframe, by selecting and assigning the HARQ connections of which either transmission or reception are not overlapped with one another in a subframe, the H-FDD AMS can be accommodated into the FDD frame. An example of such assignment is shown in Figure 2. In this example, by limiting the DL HARQ connections for a H-FDD MS to the five (i.e. a, b, c, g, and h), the H-FDD AMS can be supported within the FDD frame.
As explained above, the proposed solution relies on scheduling at ABS. In order that the H-FDD operations should work properly in the FDD frame, the following restrictions on the BS scheduling should be considered.
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Figure 1. Frame structure and DL HARQ operation for FDD AMS (5/10/20MHz, Processing Time of 3subframes) 
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Figure 2. Example of DL HARQ operation for H-FDD AMS (5/10/20MHz, Processing Time of 3subframes) 
1  If HARQ connections of which either transmission or reception are overlapped with one another in a subframe, these HARQ connections cannot be assigned at the same time.
For instance, in Figure 1, the HARQ connections of a and e cannot be assigned to the H-FDD AMS at the same time.
2  If a time gap at H-FDD AMS between the most adjacent reception and transmission of the two HARQ connections is less than H-FDD SSRTG, these two HARQ connections cannot be assigned at the same time.
Similar, if a time gap at H-FDD AMS between the most adjacent transmission and reception of the two HARQ connections is less than H-FDD SSTTG, these two HARQ connections cannot be assigned at the same time. 
For instance, in Figure 1, the HARQ connections of a and d cannot be assigned to the H-FDD AMS at the same time.
3  The two conditions above shall be also considered with DL broadcasting control channel transmission such as A-Preamble, SFH, and ABI (additional broadcasting information) messages.
For instance, in Figure 1, if an idle time in the frame is not enough for Tx-to-Rx switching at a H-FDD MS, the HARQ connections of d cannot be assigned to the H-FDD AMS because it shall receive A-Preamble and SFH transmitted in subframe #0.
Except those restrictions on the BS scheduling, the proposed solution does not require any modifications to the frame structure and the HARQ operation/timing of FDD. This is of great benefit to simple implementations of both FDD ABS and H-FDD MS, even to that of FDD MS because of no impact onto the FDD MS operation.
4. Support of Legacy R1.5 H-FDD and FDD MSs
A 16m ABS can support the legacy WiMAX R1.5 H-FDD/FDD MSs by multiplexing the legacy H-FDD/FDD frame and the 16m FDD frame in time-division manner. In this multiplexed frame, the same H-FDD operation proposed in this contribution is applied to the 16m Zone. For the detailed frame configurations, see remedy 3 in Section 5 (Proposed Text Changes in P802.16m/D1) of this contribution. 
5. Proposed Text Changes in P802.16m/D1
Since the proposed solution is to operate the H-FDD MS in the same FDD frame structure, no special frame structure is required to define in the specification. Just need to define a frame structure supporting the legacy H-FDD and FDD frames.
[Remedy 1: Delete the blank section of H-FDD frame structure (subcaluse 15.3.3.2.1.1), in page 244]
15.3.3.2.1.1 H-FDD frame structure
[Remedy 2: Insert the text as follows, in line 44, in page 242]  

FDD AMS is able to receive data burst in any DL subframe while accessing UL subframe at the same time. For H-FDD AMS, either transmission or reception, but not both, is allowed in each subframe. In addition, the allocation of subframe for the transmission and reception shall provide transition gaps at the H-FDD AMS.

[Remedy 3: Insert the following text into the subclause 15.3.3.4.3, in page 256]
The WirelessMAN-OFDMA and the Advanced Air Interface frames shall be offset by a fixed number of subframes, FRAME_OFFSET = 1,2, … , K as shown in Figure xxx. When the Advanced Air Interface frames support the WirelessMAN-OFDMA for 5, 10, 20MHz channel bandwidths, all subframes in the Advanced Air Interface DL and UL Zones are type-1 subframes. The FDD frame structure is separated two regions in the DL and UL for supporting the coexistence of the WirelessMAN-OFDMA FDD/H-FDD MSs and AAIF FDD MSs in the same frame. An ABS shall be able to simultaneously support FDD and H-FDD AMSs in AAIF DL/UL zone. The ABS also supports WirelessMAN-OFDMA FDD and H-FDD MSs in WirelessMAN-OFDMA DL/UL zone. For WirelessMAN-OFDMA H-FDD MSs, by using the “No. of OFDMA Symbols” field in DL-MAP1 and UL-MAP1 of the WirelessMAN-OFDMA frame, the ABS shall indicate the number of symbols in DL and UL of the WirelessMAN-OFDMA frame for non-overlapped allocation between WirelessMAN-OFDMA UL zone and AAIF UL zone. In addition, the data bursts for the WirelessMAN-OFDMA FDD/H-FDD MSs shall not be transmitted in the AAIF DL zone.
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Figure xxx – FDD frame configuration for supporting the WirelessMAN-OFDMA FDD/H-FDD operation (example for 5, 10, and 20 MHz with a CP length of 1/8 Tb).
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