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Frame Structure to Support H-FDD
Sean McBeath, Lina Liu, Allan Xu,Hua Cao, jianjun yang, Juejun Liu 
Huawei Technologies Co., Ltd.
1.
 Introduction

In 802.16e-2005, the OFDMA PHY supports both TDD and FDD (H-FDD and F-FDD) duplexing modes. To increase the UL utilization, an H-FDD/FDD frame structure based on two groups of mobile stations has been proposed. To compete in the market place, it is desirable for the H-FDD/F-FDD performance of the 802.16Rev2 system to be comparable with the LTE system. The HARQ round trip time of LTE is expected to be 8ms. However, based on the proposed H-FDD frame structure, the HARQ round trip time is 15ms. This round trip time impacts the performance of real-time applications, such as VoIP, especially for mobile stations located at a cell-edge. This contribution proposes an optional H-FDD/FDD frame structure to minimize the HARQ round trip time to 10ms.
2.
 Proposal 

2.1
Group concept H-FDD/FDD Frame Structure
The H-FDD/FDD frame structure based on grouping is depicted in Figure 1.  In Figure 1, the HARQ round trip is shown to be 15 ms.


[image: image1]
2.2
Optional H-FDD/FDD Frame structure 
To reduce the round trip time, we propose an optional H-FDD/FDD frame structure as depicted in Figure 2.  On the DL, the leading sub-frame of frame N and the lagging sub-frame of frame N+1 are used to serve Group 1 mobile stations, while the lagging sub-frame of frame N and the leading sub-frame of frame N+1 are used to serve Group 2 mobile stations.  The UL uses the opposite group assignments.  The group which takes the leading DL sub-frame is a function of frame index, e.g. in odd-numbered frames, Group 1 mobile stations are assigned the leading DL sub-frame, while in even-numbered frame, Group 2 mobile stations are assigned the leading DL sub-frame. The Gaps are RTG and TTG and can be put in UL/DL or both. The frame structure allows flexible ratio between DL and UL, and between groups.  There are two MAPs in the frame structure. Each group has one MAP.

[image: image2]
Figure 2: Optional H-FDD/FDD frame structure 

2.2.1 Downlink HARQ Retransmission Round trip 
For DL HARQ operation, the BS sends a version of the encoded HARQ packet in frame N. The MS will attempt to decode the encoded packet on this first HARQ attempt.  If the decoding succeeds, the MS will send an ACK to the BS in frame N+1. If the decoding fails, the MS will send a NACK to the BS in frame N+1. In response, the BS will send the HARQ retransmission in frame N+2. With this optional frame structure, the HARQ round trip time is 10 ms.


[image: image3]
2.2.2 Uplink HARQ Retransmission Round trip 
For UL HARQ operation, the MS send a version of the encoded HARQ packet in frame N+1. The BS will attempt to decode the encoded packet on this first HARQ attempt. If the decoding succeeds, the BS will send an ACK to the MS in frame N+2. If the decoding fails, the BS will send a NACK (a subsequent assignment) to the MS in frame N+2. In response, the MS will send the HARQ retransmission as shown frame N+3. With this optional frame structure the minimal ACK delay can be achieved just like figure 4 shows. With this optional frame structure, the HARQ round trip time is 10 ms.

[image: image4]
2.2.3 ACK/Ranging/Fast Feedback 

Each group has one ACK region as defined in8.4.5.4.25 HARQ ACK Region Allocation IE. The ACK region index associated with each DL HARQ burst is defined in the DL-MAP.
Each group has one ranging region. The BS may allocate up to 2 ranging regions of each type (up to 6 regions altogether) as defined in 8.4.4.5 UL transmission allocations.
Each group has one fast feedback region.
2.2.4 Mobile Stations Which Support The Optional Frame Structure 

When a mobile station enters the network, it negotiates its capability to support the optional frame structure with BS through the SBC-REQ/RSP messages. If the MS can support the optional frame structure, the mobile station reports this capability in the SBC-REQ. The base station then acknowledges that the optional frame structure is being used in SBC-RSP.  For mobile stations in group 1, the mobile stations shall use the first H-FDD downlink sub frame and the second H-FDD uplink sub frame in frame odd frames, and shall use the second H-FDD downlink sub frame and the first H-FDD uplink sub frame in even frames.  For mobile stations in group 2, the mobile stations shall use the second H-FDD downlink sub frame and the first H-FDD uplink sub frame in frame odd frames, and shall use the first H-FDD downlink sub frame and the second H-FDD uplink sub frame in even frames

. 
3.   Proposed Text Changes
     Modify page 296, lines 33 in section 6.3.7.5.3 WirelessMAN-OFDMA PHY
6.3.7.5.3 WirelessMAN-OFDMA PHY
Allocation Start Time shall be subject to the following limitations:

— Minimum value: Allocation Start Time Tf

— Maximum value: Allocation Start Time < 2 × Tf

In the UL subframe for which the MS fails to receive the relevant UL MAP, the MS shall not send data

bursts or control signals (including CDMA ranging, CQICH, HARQ ACK/NAK or sounding signals).
The MAP relevance of the optional H-FDD frame structure variant is shown in Figure AA and Figure BB. 

[image: image5]

[image: image6]
8.4.4.1 FDD Frame Structure
On page 678, lines 49, add section 8.4.4.1.1 Optional H-FDD Frame Structure
8.4.4.1.1 Optional H-FDD Frame Structure

Figure XX shows the optional H-FDD/FDD frame structure. If Bit 1 of the extended capability field of the SBC-RSP message is set to 1, then mobile stations in group 1 shall use the first H-FDD downlink sub frame and the second H-FDD uplink sub frame in frames where the least significant bit of the frame number field of the PHY synchronization field equals 1, and shall use the second H-FDD downlink sub frame and the first H-FDD uplink sub frame in frames where the least significant bit of the frame number field of the PHY synchronization field equals 0.  If Bit 1 of the extended capability field of the SBC-RSP message is set to 1, then mobile stations in group 2 shall use the second H-FDD downlink sub frame and the first H-FDD uplink sub frame in frames where the least significant bit of the frame number field of the PHY synchronization field equals 1, and shall use the first H-FDD downlink sub frame and the second H-FDD uplink sub frame in frames where the least significant bit of the frame number field of the PHY synchronization field equals 0.  

If Bit 1 of the extended capability field of the SBC-RSP message equals 1, then the DL-MAP and UL-MAP have relevance as shown in Figure AA and Figure BB (Section 6.3.7.5.3).

[image: image7]
Figure XX: Optional H-FDD Frame Structure
Modify page 1126, lines 44 in section 11.8.15 as following
11.8 SBC-REQ/RSP management message encodings
11.8.15 Extended capability
	Name
	Type
	Length
	Value
	scope

	Extended capability
	184
	1
	Bit 0:This bit describes the capability to support ARQ Map Last Bit concept and the optimized Sequence Block as defined in Table 167. The feature is enabled only in case both MS and BS support it. 

Bit 1: This bit describes the capability to support optional the H-FDD frame structure defined in Section 8.4.4.1.1. The feature is enabled only when Bit 1 is set to 1. 

Bits 12-7: Reserved, set to zero.
	SBC-RSP

SBC-REQ


4.  Conclusion
This proposal describes an H-FDD/FDD frame structure to reduce the HARQ round trip time to 10ms.  
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Figure AA Maximum Time relevance of DL-MAP and UL-MAP (optional H-FDD/FDD frame structure)
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Figure 3 Downlink HARQ Retransmission Round trip
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Figure 1 Group concept H-FDD frame structure
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Figure 4 Uplink HARQ Retransmission Round trip
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Figure BB Minimum Time relevance of DL-MAP and UL-MAP (optional H-FDD/FDD frame structure)
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