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Virtual Multi-Carriers Design Scheme for IEEE 802.16m Systems
Hujun Yin, Rongzhen Yang, Yang-seok Choi, Sassan Ahmadi and Kamran Etemad
Intel Corporation
1. Introduction and Background
In multi-carrier operation, if adjacent carriers have aligned sub-carrier spacing, the mutual interference can be significantly reduced. When adjacent carriers are aligned in sub-carrier spacing, the guard subcarriers originally reserved for each carrier may be used with reduced interference. For sub-carrier alignment, there are already contributions [2] [3] [4] on IEEE 802.16m March Sessions. 
The proposed scheme will enable distinctive features in a broadband wireless access network and in particular IEEE 802.16m standard which is currently under development: (1) maximum spectrum utilization by enabling guard subcarrier reuse, (2) Co-existence with legacy band/terminals, (3) Unlimited BS bandwidth scaling, (4) Flexible MS bandwidth support, and (5) Incremental deployment and seamless upgrade.
2. Description of the Proposed Scheme

In this contribution, we propose a Virtual Multi-Carriers design for IEEE 802.16m, which can solve the guard band reuse issue and enable other advanced features. Virtual Multi-Carriers can be described briefly as follows:

· Define self-contained minimum bandwidth operation

· Contains essential control information within the bandwidth

· Multiple carriers can be deployed with aligned sub-carrier spacing

· Guard subcarriers can be used without impacting terminals operating on a single carrier

· Logical mapping can be supported to multi-carrier operation

· Virtual carriers overlap with real carriers

· Guard sub-carriers may be assigned/used
· The bandwidth of virtual carrier vary depending on available physical carriers (5 MHz, 10 MHz, 20 MH, …)
· Some physical carriers may be configured as data only pipe

2.1 Virtual Multi-Carrier Design
We assume a single 20 MHz band to show the design of virtual multi-carrier (See Figure 1)
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Figure 1: Virtual Multi-carrier Example
In Figure 1, 20 MHz is one single band with continuous data tones, however, it can be divided into multiple physical carriers, with guard subcarriers being reused.

For new 16m terminals, with different bandwidth capacity (such as 5 Mhz, 10Mhz and 20 Mhz), can access part or full of 20 MHz accordingly.

For physical carriers shown on Figure 1, they may all have own preambles, or may be configured as some of they have preambles, other are configured as data only pipe.

Virtual Carrier is a concept for the band view in new 16m terminals, as shown on Figure 3. One virtual carrier bandwidth is decided by the bandwidth capacity of the 16m. One virtual carrier may contain one or more physical carriers (include the guard subcarriers in between). The guard subcarriers on the band edge are not used. The number of guard subcarriers on band edge depends on the physical carrier configuration.
From legacy terminal perspective, the configuration is as shown in Figure 2:

[image: image2.emf]Virtual Multicarriers

Physical Carrier 2 Physical Carrier 1 Physical  Carrier 3

5 Mhz

10 Mhz

5 Mhz

Legacy Terminal’s View

Real Carrier 2 Real Carrier 1 Real Carrier 3

5 Mhz

10 Mhz

5 Mhz


Figure 2: View from Legacy Terminal

Figure 2 shows an example that all physical carriers include legacy preamble, i.e, they support legacy terminal by mixed mode. Legacy terminal (s) will identify that there are several independent real carriers.
For the new terminals that support multi-carriers, the configuration will be:
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Figure 3: Configuration for New Terminals (In virtual multi-carrier operation, some of the physical carrier can be configure to be data only pipe to reduce control overhead) 

The digital baseband processing for new terminals in order to receive the virtual carrier is as follows:


[image: image4]
Figure 4: Digital Baseband Processing to Receive Virtual Carrier

Since Virtual Carrier is a logical band for new terminals, it does not have its own preamble
· Sync to the real carrier with preamble, which is contained within the virtual carrier
· Wider band processing (Higher sampling rate), and then digital band select filter to generate virtual carrier

Figure 5 shows the processing by using an example:
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Figure 5: Virtual Carrier Sync and Receiver (New Terminals)

2.2 Guard Band Reuse Analysis
Following is the evaluation of the interference on the guard band before/after sub-carrier alignment.
OFDM signal (Time Domain) can be expressed as [5]:
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E.1

OFDM signal (Frequency Domain) can be expressed as:
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E.2

where M is used sub-carrier number, Ts is symbol length, qk is the position of used sub-carriers.

According to E.2, we can calculate the average power spectrum as:
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Here, 
[image: image9.wmf]b

is misalignment factor, 0~1

Assume the following study case: OOBE on the misalignment factor 0.5 (Maximum), 10 MHz, 841 data tones (WiMAX PUSC parameters, include DC), no low-pass filter:

 SHAPE  \* MERGEFORMAT 



Figure 6: Spectrum at Maximum Misalignment

From Fig.6, we can see that there is 0 to -29 dB interference signal at guard band, for maximum misalignment

When neighboring carriers are aligned, the alignment factor 
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The power of interference signal (dB) from the neighboring carrier is
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So, there is no interference on the guard band between two carriers after the neighboring carriers are well aligned. 

2.3 Legacy Terminal Coexistence
In this section, we evaluate the Legacy Band/Terminals (with Low Sampling Rate) operation when the virtual multi-carrier were applied.
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Figure 7: Legacy Band/Terminals (with Low Sampling Rate) Analysis

Figure 8 shows that, with and without guard band reuse, the legacy terminal processing is not affected.
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Figure 8: With/Without Guard Band Reuse, Legacy Terminal Processing is not affected

Legacy Terminal Coexistence Summary

· With standard sampling rate (11.2MHz for 10MHz Carrier), the legacy terminal processing is not impacted by guard sub-carrier reuse

· With Virtual Multi-Carrier, the legacy band/terminals can be supported seamlessly 

2.4 Benefit of Virtual Multicarrier Operation
The virtual multi-carrier design provides the following unique capabilities for IEEE 802.16m:

· Coexistence with legacy band/terminals

· Support guard band reuse for new terminals

· Unlimited BS bandwidth scaling

· Flexible MS bandwidth support

· Incremental deployment and seamless upgrade

2.4.1 Co-existence with legacy band/terminals

With Virtual Multi-Carrier, the legacy band/terminals can be supported seamlessly. The band on legacy terminal’s view is shown in Figure 8, can be legacy only or mixed mode. 

2.4.2 Support guard subcarrier reuse for new terminals

Guard subcarriers can be used easy for new terminals, as shown in Fig.4, 5, and 6.

2.4.3 Unlimited BS bandwidth scaling 
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Figure 9: Unlimited BS Bandwidth Scaling Example
· Unlimited BS bandwidth scaling can be supported under the concept of multi-carriers, the total system bandwidth can be scaled by deploying multiple physical carriers with smaller bandwidth. The smaller bandwidth physical carrier is defined the same way as the single carrier operation. Therefore, scaling bandwidth can be done by simply increase the number of physical carriers in virtual multi-carrier mode without special support of standard specification.

· Maximum spectrum utilization with guard subcarrier reuse
2.4.4 Flexible MS bandwidth support

Similar to BS bandwidth scaling, the MS can be implemented with different bandwidth capability to support one or more smaller physical carriers. 

2.4.5 Incremental deployment and seamless upgrade

Virtual Multi-Carrier provides a seamless upgrade path with incremental bandwidth deployment, example:
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Figure 10: Incremental deployment and seamless upgrade Example

3. Proposed Text for SDD

Insert the following text into sub-clause (i.e. Chapter 11 in [1]):
-------------------------------  Text Start  ---------------------------------------------------

Virtual Multi-Carriers is supported by the following (example in figure zzz)
· Define self-contained minimum bandwidth operation

· Contains essential control information within the bandwidth

· Multiple carriers can be deployed with aligned sub-carrier spacing

· Guard subcarriers can be used without impacting terminals operating on a single carrier

· Logical mapping can be supported to multi-carrier operation

· Virtual carriers overlap with real carriers

· Guard sub-carriers may be assigned/used
· The bandwidth of virtual carrier vary depending on available physical carriers (5 MHz, 10 MHz, 20 MH, …)
· Some physical carriers may be configured as data only pipe
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Figure zzz: Virtual Multi-carrier Example
-------------------------------  Text End  ---------------------------------------------------
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