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Abstract

In order to fulfill the IMT-Advanced requirements on 1Gbps peak transmission rate for 4th Generation (4G) mobile cellular systems, much wider radio bandwidth is considered in P802.16m SDD. Instead of equipping a large size FFT to utilize much wider radio bandwidth, the architecture to have multiple smaller size FFTs combine with multiple RF carriers (RF channels) may be preferred by its flexibility to utilize non-contiguous frequency channels (bands), to serve the mobile station (MS) equipped with different number of RF carriers, lower PAPR etc. However, the primary drawback of this architecture is the necessity to reserve guard sub-carriers to prevent ICI across adjacent frequency channels. Because those guard sub-carriers from adjacent channels are not well aligned in frequency domain, they are not orthogonal to each other. In order to mitigate this drawback and utilize those guard sub-carriers for higher peak transmission rate and higher spectrum efficiency, a sub-carrier alignment mechanism will be necessary before utilizing the guard sub-carriers for data transmission. 
I. Motivation
IEEE 802.16 Task Group m (TGm) aims to develop the standard to amend the IEEE 802.16 WirelessMAN-OFDMA specification to provide an advanced air interface for operation in licensed bands. It meets the cellular layer requirements of IMT-Advanced next generation mobile networks and provides continuing support for legacy WirelessMAN-OFDMA equipment [1].

[image: image1]
Fig.1 Illustration of capability of IMT-2000 and systems beyond IMT-2000 [2]
  In order to meet the IMT-Advanced requirement on 1Gbps peak transmission rate, much wider radio bandwidth than current one (i.e. 10MHz) shall be considered in IEEE 802.16m. There are two possible architectures to utilize much wider radio bandwidth while keeping the legacy support. One is using single FA* (Frequency Assignment) with large size FFT (e.g. 4096) to utilize wider bandwidth, and another one is using multiple FAs with smaller size FFT (e.g. 1024). The first one is addressed in 16m frame structure with wider bandwidth support, and this contribution will emphasize on the design issues for the second one (i.e. multi-carrier support issues). Compare with the first architecture, the second architecture may be favored by its flexibility to utilize non-contiguous frequency channels, to serve the mobile station (MS) equipped with different number of RF carriers, lower PAPR, easier to achieve legacy support etc.
Figure 2 shows an example for multi-carrier support by having total 40MHz bandwidth, while the legacy system uses 10MHz bandwidth.
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Fig.2 (a) An example on multi-carrier frame structure with legacy support in IEEE 802.16m, and (b) the flexibility to serve the MS equipped with different number of RF carriers
  However, Figure 2(a) also shows a major drawback of this architecture by reserving the guard sub-carriers. The reason is because the sub-carriers from adjacent frequency channels does not well aligned due to the mismatch between the separation between adjacent FAs (e.g.10MHz) and current frequency 10.94kHz sub-carrier spacing. Figure 3 shows the reason why the sub-carriers from adjacent frequency channels will be overlapped and not aligned.
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Fig.3 The sub-carrier distribution for 10MHz system bandwidth based on 10.94kHz sub-carrier spacing
  Because the sub-carriers from adjacent frequency channels are not well aligned as shown in Figure 4, they are not orthogonal to each other. Allocating power on those guard sub-carriers will result in ICI not only to the guard sub-carriers but also to other data sub-carriers in adjacent frequency channel. Therefore, those guard sub-carriers cannot be utilized to prevent the ICI across adjacent frequency channels and hence result in worse peak transmission rate and spectrum efficiency.
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Fig. 4 (a) Take two adjacent frequency channels as an example. (b) If the overlapped sub-carriers are not well aligned, (c) allocating power to the guard sub-carriers in one frequency channel will result in ICI to not only the guard sub-carriers but also the data sub-carriers in another frequency channel.
  From system operator’s point of view, it’s a waste to reserve guard sub-carriers if the adjacent frequency channels are controlled by the same operator. This will result in lower peak transmission rate and lower spectral efficiency [3]. Therefore, the motivation of this contribution is proposing a sub-carrier alignment mechanism so that those guard sub-carriers between adjacent frequency channels can be well aligned and be utilized for data transmission without resulting ICI to the data sub-carriers in adjacent frequency channel.
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Fig.5 Motivation to utilize those guard sub-carriers for data transmission
II. Proposed Sub-carrier Alignment Mechanism
The fundamental concept of the proposed mechanism is simply shifting the center frequency of the adjacent frequency channel to achieve sub-carrier alignment. There are two methods to achieve the sub-carrier alignment.

Method 1:

As shown in Figure 6, the RF center frequency of channel#2 is shifted to compensate the frequency offset (Δf’) so that the sub-carriers in overlapped region can be well aligned. Note that this frequency offset will be within the range -Δf /2 ≦ Δf’ < Δf /2, where Δf is the sub-carrier spacing and Δf’ is actually a fraction of sub-carrier spacing. For sub-carrier spacing Δf = 10.94kHz, this frequency offset will be in the range -5.47kHz ≦ Δf’ < 5.47kHz. Adjusting the center frequency to compensate this can be obtained by existing frequency synthesizer.
Actually, the major problem will be: “how to know this frequency offset in advance?”
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Fig.6 Sub-carrier alignment by applying a fraction of sub-carrier spacing to the FA of adjacent frequency channel
  For downlink transmission, the BSs can estimate the frequency offset and perform sub-carrier alignment by itself. Therefore, the standard may only need to state the sub-carriers from adjacent frequency bands shall be aligned in frequency domain without defining specific alignment mechanism. The major problem comes from uplink transmission, where the MS has no idea the distribution of frequency channels and if there exists frequency offset need to compensate when initial network access or when handover. In addition, the frequency offset value will depends on the bandwidth (e.g. 5MHz, 10MHz or 20MHz) of adjacent channels and the combination of contiguous frequency channels. For example, if we shift the center frequency of the first adjacent channel, the offset for aligning the sub-carriers of the second channel and the third channel are different.
  Figure 7 shows the fundamental philosophy of the proposed mechanism, which includes an example that MS has the capability to utilize two frequency channels for data transmission.
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Fig. 7 The proposed mechanism to perform uplink sub-carrier alignment and possible options to obtain frequency offset information
  In Figure 7, there are several possible ways to obtain the frequency offset information. For (1) and (2), the basic assumption is BS can know the frequency offset need to be compensated for each FA in advance. For (3), it can either work without BS’s broadcast information or it can combine with (1) or (2) as part of Ranging process to refine the center frequency. 

Option (1) is to broadcast this information to all the MSs, and option (2) is unicast or multi-cast this information by MS request. Option (3) is performing uplink Ranging, which can combine with other options or it can be operated stand alone. Since the uplink Ranging is always needed when initializing each frequency channel, the option (3) should be the fundamental step to guarantee the sub-carriers are well aligned.
  In summary, the proposed sub-carrier alignment mechanism can be concluded by the following characteristics:
(1) Achieve the sub-carrier alignment by applying a frequency offset (a fraction of sub-carrier spacing) to the FAs of the contagious frequency channels (i.e. adjusting the center frequency of adjacent frequency channels.
(2) For downlink transmission, BS can align the sub-carriers by itself.
(3) For uplink transmission, MS can perform sub-carrier alignment by acquiring the frequency offset information through following ways:

1. BS broadcast the fractions of sub-carrier spacing should be applied to each FA.

2. BS multi-cast or unicast the fractions of sub-carrier spacing should be applied to each FA by MS request.

3. MS perform uplink Ranging and then BS reply the remained frequency offset need to compensate.

Method 2:
This is proposed in C802.16m-08/355. The center frequency spacing of adjacent channels can be adjusted such that the spacing is in units of the raster size as well as in units of the sub-carrier spacing. For the case of sub-carrier spacing of 10.94kHz, the corresponding system bandwidths of 5/10/20MHz are not divisible by the sub-carrier spacing. However, 7x250kHz = 1.75MHz is divisible by 10.94kHz. Therefore, Nx1.75MHz, e.g. 5.25MHz, 10.5MHz, 21MHz are divisible by the sub-carrier spacing and can be used as the center frequency spacing between adjacent channels.
An illustration for the carrier bandwidth of 5MHz is shown in Figure 8. On sub-frame within the 16m zone, no guard tones are required between adjacent carriers beyond the carrier bandwidth (see Figure 9). On sub-frame within the legacy zone, guard tones are still required on sub-frames within the legacy zone due to the legacy permutation format (see Figure 9). For the non-legacy carrier, as shown in Figure 8, uneven number of guard sub-carriers is used on both sides of a carrier
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Fig. 8 Center frequencies spacing and guard tones of adjacent legacy enabled carrier and non-legacy carrier
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Fig 9 Guard tones of adjacent legacy enabled carrier and non-legacy carrier for legacy sub-frames and 16m sub-frames
III. Proposed Text Input to P802.16m SDD
------------------------------------------------------Start of the Text--------------------------------------------------------------
[Adopt the following text modification begin from line#16, page#12 in P802.16m SDD]

Multi-carrier (MC) block enables a common MAC entity to control a PHY spanning over multiple frequency channels. The channels may be of different bandwidths (e.g. 5, 10 and 20 MHz), be non-contiguous or belong to different frequency bands. The channels may be of the same or different duplexing modes, e.g. FDD, TDD, or a mix of bidirectional and broadcast only carriers. For contiguous frequency channels, the overlapped guard sub-carriers shall be aligned in frequency domain in order to be used for data transmission.
[Add the following text and figure into Section 19 of P802.16m SDD]
19 Support for Multi-carrier

When multiple contiguous frequency channels are enabled, the guard sub-carriers between contiguous frequency channels can be utilized for data transmission only if the sub-carriers from adjacent frequency channels are well aligned. In order to align those sub-carriers from adjacent frequency channel, a frequency offset (Δf’) can be applied to its FA. The basic idea is shown by the example in Figure y.
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Fig.y Sub-carrier alignment by applying a fraction of sub-carrier spacing to the FA of adjacent frequency channel
  In order to utilize the guard sub-carrier for data transmission, the information on the available guard sub-carriers eligible for data transmission shall be sent to MS. This information shall include the numbers of available sub-carriers in upper side and in lower side with respect to the DC sub-carrier of each frequency channel.
-------------------------------------------------------End of the Text--------------------------------------------------------------
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* Frequency Assignment (FA): A logical assignment of downlink center frequency and channel bandwidth programmed to the base station.
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