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Clarification on the Support of Sub-Carrier Alignment
I-Kang Fu, Kelvin Chou, Yih-Shen Chen, Alex Hsu, Paul Cheng
MediaTek Inc.
I.  Motivation
The discussion on sub-carrier alignment issue has been continued in TGm for a long period of time, since late 2007. The essential motivation is very clear, to create a continuous OFDMA grid in frequency domain. This allows the sub-carriers of the OFDMA signals transmitted in parallel always be orthogonal to each other, this is an ideal OFDMA system.
This can substantially simplify the RF filter design, because the radio signals transmitted in adjacent frequency channel are always orthogonal to each other (i.e. the side lobes of the baseband signals will not result in inter-carrier interference to each other). More important, this enables low-cost multi-carrier AMS implementation where the OFDMA signals transmitted over two contiguous RF carriers can actually be received and generated by single FFT. This allows the simplified multi-carrier AMS transceiver architecture with single (RF+PA+FFT+baseband), which allows the possibility to implementation on single SoC. Of course, having the orthogonal OFDMA grid can also allow the data transmission over guard sub-carriers.
In IEEE 802.16m, the way to enable continuous OFDMA grid in frequency domain is sub-carrier alignment mechanism, where the major motivation can be concluded as following:
(1) Allow low-complexity multi-carrier AMS transceiver architecture by “single (RF+PA+FFT+baseband)”
(2) Simplify RF filter design (mitigate cross-carrier interference)
(3) Possibly enable data transmission over guard sub-carrier

In following sections, some brief review on IEEE 802.16m sub-carrier alignment mechanism design history will be provided to facilitate members’ review and discussion.

II.  Review of IEEE 802.16m Sub-carrier Alignment Mechanism
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Figure 1 (a) An example of multi-carrier configuration with 2×10MHz frequency channels and (b) the sub-carrier distribution based on IEEE 802.16m PHY structure. (c) The sub-carrier misalignment problem which will result in (d) the ICI across adjacent frequency channel.
Figure 1a shows an example with two 10MHz frequency channels. Take the PHY parameters defined in IEEE 802.16m draft standard for example, Figure 1b shows that the normal data sub-carriers of radio signal#1 will span over 9.46MHz and the overall sub-carriers will span over 11.2MHz. Therefore, the guard sub-carriers of the radio signal#1 will overlap with the guard sub-carriers of radio signal#2 in frequency domain.
In Figure 1c, it shows that the overlapped guard sub-carriers are misaligned in frequency domain. It is because the separation between the canter frequency of frequency channel#1 (i.e. the nominal bandwidth) and the one of frequency channel#2 (i.e. 10MHz) is not integer multiple of the OFDMA sub-carrier spacing (i.e. 10.9375KHz) of the radio signals.
Such sub-carrier misalignment problem will result in the ICI across adjacent frequency channels, especially when the received power of radio signal#2 is much higher than that of radio signal#1 (e.g. due to near far effect). This problem was compensated by RF filter with sharp frequency response in legacy system, but the remained ICI will still be significant due to sub-carrier misalignment after filtering.
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Figure 2 Illustration of applying a permanent frequency offset over the radio signal#2 to mitigate the ICI across adjacent carriers

In order to resolve the sub-carrier misalignment problem for ICI mitigation, IEEE 802.16m has considered a mechanism to apply a permanent frequency offset over the RF carrier frequency of the transmitted radio signal. The basic idea is simple and presented in Figure 2, where a permanent frequency offset Δf’ is applied over the RF carrier frequency of the radio signal#2. This frequency offset is calculated base on the minimal frequency offset between the overlapped guard sub-carriers of radio signal#1 and radio signal#2, respectively. This is the basic idea of the section 16.3.3.6.2 in P802.16m/D5.
III.  Impact to Multi-Carrier AMS Transceiver Architecture
There are two typical multi-carrier AMS transceiver architectures for implementation. The first one supports the architecture with single (RF+PA+FFT+baseband), where the second one supports the architecture with multiple (RF+PA+FFT+baseband). The simple block diagram is provided in Figure 3 for example.
However, Architecture #1 cannot work without sub-carrier alignment. Because the single FFT equipped by AMS requires all the sub-carriers have the same sub-carrier spacing. Otherwise the baseband sampling and signal processing result cannot lead to orthogonal sub-carriers, according to communication theory.
Therefore, precluding the sub-carrier alignment actually result in the preclusion of multi-carrier AMS transceiver architecture #1.

From standard development perspective, the standard itself have better to be transparent to future implementation. Because it is too early to say something will never be required. Therefore, it is really harmful to preclude sub-carrier alignment from standardization point of view. This will hurt the competitiveness of the future technology developed base on IEEE 802.16m standard.
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Figure 3 Different Multi-Carrier AMS Transceiver Architecture

IV.  Summary and Recommendations
According to the aforementioned analysis, it is very clear that the preclusion of sub-carrier alignment will result in the preclusion of multi-carrier AMS implementation by transceiver architecture #1. Instead of using some vague terminology to mis-interpret the intention of standard, it is recommended to have clearer sentence to state when the sub-carrier alignment will be supported.
Please note that, the support of sub-carrier alignment is the requirement to ABS and AMS equipment vendors. Network operator still has the flexibility on the network configuration as well as other flexibility provided by the equipments. But if the ABS and AMS equipment vendors are not required to implement some feature, the network will have no choice and this actually result in the preclusion of the feature.

Please note that, this is relative to the competitiveness of the future technology developed base on IEEE 802.16m standard.
However, it is also understood the standardization and subsequent development timeline is an important issues. This contribution proposes the support of sub-carrier alignment is only mandated to the ABS and AMS which supports multi-carrier aggregation. This is to balance the future development timeline and the competitiveness of the future technology developed base on IEEE 802.16m standard.
Note that the support of sub-carrier alignment for ABS and AMS simply means that ABS and AMS can process the AAI_Global-Config message and obtain the frequency offset value to be applied for radio signal transmission/reception. The implementation can be simply modifying the driver of frequency synthesizer without new hardware component, it is basically a programming task.
V.  Text Proposal
---------------------------------------------------------Start of the Text-----------------------------------------------------------
[Adopt the following text modification started from line#48, page#437 in P802.16m/D5]

16.3.3.6.2 Subcarrier alignment for multicarrier operation

ABS and AMS shall be capable to support the following sub-carrier alignment mechanism when multi-carrier aggregation is supported. The configuration by network operator under different scenarios does not change the requirements on the support of sub-carrier alignment by ABS and AMS.
When contiguous carriers only contain AAI zone and involve in multicarrier operation, the overlapped sub-carriers should be aligned in frequency domain. In order to align the overlapped sub-carriers of the OFDMA signals transmitted over adjacent carriers, a permanent frequency offset (Δfc) will be applied over the original center frequency. The basic principle is shown by the example in Figure 485. A carrier group is a group of contiguous carriers whose subcarriers are aligned with a subcarrier spacing, Δf.
When one carrier contains both AAI zone and WirelessMAN-OFDMA zone while its adjacent carrier only contain AAI zone, the overlapped sub-carriers should be aligned. The center frequency of the carriers which contain both AAI zone and WirelessMAN-OFDMA zone will exactly locate on the channel raster grid.
ABSs may have different multi-carrier configuration according to the available spectrum resources and the restriction due to support of WirelessMAN-OFDMA zone. When two adjacent carriers both contain AAI zone and WirelessMAN-OFDMA zone, the overlapped sub-carriers may not be aligned. The overlapped sub-carriers of the radio signals transmitted over these two adjacent carriers will not be aligned under this condition. If AMS cannot support multi-carrier aggregation due to hardware restriction under sub-carrier misalignment configuration, the AMS shall inform ABS the carriers it can simultaneously process through AAI_MC-REQ message.
[Figure 485]

During the network entry procedure (defined in 16.2.8.2.3), the ABS will notify the AMS of the frequency offset to be applied over each carrier for sub-carrier alignment through AAI_MC-ADV message. According to the multicarrier configuration index and the Physical Carrier Index of Current Carrier broadcasted by ABS, AMS can derive the center frequency of the available carriers by the associated frequency offset Δfc using Table 803. The frequency offsets specified in Table 803 are calculated base on Equation (178).

[Equation 178]

where is the center frequency of the carrier before applying frequency offset Δfc, fc,r is the center frequency of the reference carrier in each carrier group. The center frequency of the reference carrier in each carrier group is always located on the channel raster grid.
The center frequency shifted is derived as
[Equation 179]

Note that the absolute value of the frequency offset Δfc is smaller than the sub-carrier spacing value depicted in Figure 485.
In Table 803, a lookup table is defined to indicate the configurations for a group of contiguous carriers. If the network supports multiple groups of contiguous carriers, AAI_MC-ADV message will separately indicate each group of the contiguous carriers by referring to the index of this table. For example, the multicarrier configuration {5, 10} indicates two contiguous carriers are supported. The first one is a 5MHz carrier and another one is a 10MHz carrier, where the order in this configuration is sorted from lower frequency to higher frequency.
Based on the center frequency of the carrier that AMS received the AAI_MC-ADV message and the bandwidth of each carrier, the center frequency of each carrier before sub-carrier alignment can be derived. Then the AMS can obtain the frequency offset Δfc to be applied over each carrier based on the multicarrier configuration index, the physical carrier index of the current carrier and Table 803. So that AMS can obtain the correct center frequency of each carrier including the sub-carrier alignment effect.
When two adjacent carriers both contain AAI zone and WirelessMAN-OFDMA zone, they will be treated as two non-contiguous carriers and be indicated by different carrier group in AAI_MC-ADV message. ABS and AMS shall be capable to encode and decode each multi-carrier configuration depicted in Table 803 and apply the corresponding frequency offset before activating multi-carrier operations.
---------------------------------------------------------Start of the Text-----------------------------------------------------------
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