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Multi-carrier support in 16m
Jia Lin, Junxian Mo, Lina Liu
1 Introduction
The spectrum identified for 16m implies that carriers could be deployed from low to high frequencies, having different radio propagation characteristics. 16m may be comprised of carriers from same frequency band or different frequency band. So there are two possible architectures to utilize much wider radio bandwidth, the first is using single RFs with large size FFT to utilize wider bandwidth, and the second is using multiple RFs with smaller size FFT. 
2 Proposal 

2.1 Multiple carriers in the same layer

In this scenario, multiple carriers are adjacent or non-adjacent in a certain frequency band. For example, four 5MHz carriers are adjacent in 20MHz bandwidth frequency band, or two 5MHz carriers are non-adjacent in 20MHz bandwidth frequency band.

Assuming that RF of 16m MS can receive and decode 20MHz bandwidth, MS can use one RF to receive and decode multiple carriers in certain frequency. Then MS can receive and transmit data and signaling through multiple carriers in the same layer.
2.1.1 Carrier aggregation

If carrier aggregation is used in adjacent multiple carriers, aggregation carrier is seen as one carrier for MS. The impact of the guard bandwidth on the edge of the wider channel on the filter requirements should be considered. Guard band between adjacent carriers can be used after aggregated, but the guard bandwidth on the edge of the wider channel should become larger to fit the requirement of large bandwidth. 
2.1.2 Carrier non-aggregation
In this case, these multiple carriers can be adjacent or non-adjacent in certain frequency band, but MS can use a RF to receive and transmit data in these carriers. There are guard bands between carriers. These carriers can be divided into primary carrier and secondary carrier.
2.2 Multiple carriers in different layers

In this scenario, multiple carriers are separated in different frequency bands. For example, one 5MHz carrier is in 2.1GHz, and the other 5MHz carrier is in 3.1GHz, MS should use multiple RFs to receive and transmit date in multiple carriers. In this case, it needs to consider resource allocation, power saving, idle mode, CQICH, ACKCH.
2.2.1 Resource allocation

In current SDD, the resource allocation can span across a primary and multiple secondary RF carriers, according to this multi-carrier operation principle, two issues may be discussed. The first is that control signaling of primary carrier directly indicates resource allocation of secondary carrier. The second is that control signaling of primary carrier indicates that there is resource allocation in the secondary carrier, and MS receive and decode control signaling of secondary carrier to find the resource allocated for it in secondary carrier. 
2.2.2 Power Saving
If MS uses multiple independent RF chains to monitor multiple carriers simultaneous, the power consumption is very high. To resolve this problem, from MS’s view, Primary carrier shall indicate the active duration on secondary carrier. MS should only receive and buffer those frames in the active duration on the secondary carrier. BS may only schedule data burst for the MS in its active duration. Obviously, it reduces the power consumption of the MS.
2.2.3 Idle Mode and paging

In this case, BS just needs to paging MS in one carrier to reduce the overhead, and MS just needs to monitor one carrier for receiving the paging messages to achieve more efficiently power saving. The paging carrier can be broadcasted by BS or negotiate between MS and BS during deregistration procedure [2]. 
2.3 CQI report mode for multi-carrier

CQI report carrier set is introduced for multi-carrier CQI report scheme. CQI report carrier set is determined by CQI level of carriers, load of carriers, ability of MS and traffic QoS. According to CQI report carrier set, MS can feedback CQI reports for multiple carriers. If channel quality, load of carrier and traffics are changed, CQI report carrier set will be updated to satisfy requirement [1]. 

2.4 Legacy support in multi-carrier
To simplify the system design, we suggest that 16m BS only use one carrier to legacy support for 16e MS.
3 Conclusion

Three scenarios which are described above should be considered and discussed.
4 Proposed Text
The following text is proposed to be captured in the IEEE 802.16m system description document (SDD) [1].

================================= Start of Proposed Text ==============================
19.x Multiple carriers in the same layer

In this scenario, multiple carriers are adjacent or non-adjacent in a certain frequency band. For example, four 5MHz carriers are adjacent in 20MHz bandwidth frequency band, or two 5MHz carriers are non-adjacent in 20MHz bandwidth frequency band.

Assuming that RF of 16m MS can receive and decode 20MHz bandwidth, MS can use one RF to receive and decode multiple carriers in certain frequency. Then MS can receive and transmit data and signaling through multiple carriers in the same layer.
19.x.1 Carrier aggregation

If carrier aggregation is used in adjacent multiple carriers, aggregation carrier is seen as one carrier for MS. The impact of the guard bandwidth on the edge of the wider channel on the filter requirements should be considered. Guard band between adjacent carriers can be used after aggregated, but the guard bandwidth on the edge of the wider channel should become larger to fit the requirement of large bandwidth. 
19.x.2 Carrier non-aggregation

In this case, these multiple carriers can be adjacent or non-adjacent in certain frequency band, but MS can use a RF to receive and transmit data in these carriers. There are guard bands between carriers. These carriers can be divided into primary carrier and secondary carrier.
19.x Multiple carriers in different layers

In this scenario, multiple carriers are separated in different frequency bands. For example, one 5MHz carrier is in 2.1GHz, and the other 5MHz carrier is in 3.1GHz, MS should use multiple RFs to receive and transmit date in multiple carriers. In this case, it needs to consider resource allocation, power saving, idle mode, CQICH, ACKCH.

19.x.1 Resource allocation

In current SDD, the resource allocation can span across a primary and multiple secondary RF carriers, following this multi-carrier operation principle, there are two issues should be discussed. The first is that control signaling of primary carrier directly indicates resource allocation of secondary carrier. The second is that control signaling of primary carrier indicates that there is resource allocation in the secondary carrier, and MS receive and decode control signaling of secondary carrier to find the resource allocated for it in secondary carrier. 
19.x.2 Power Saving

If MS uses multiple independent RF chains to monitor multiple carriers simultaneous, the power consumption is very high. To resolve this problem, from MS’s view, Primary carrier shall indicate the active duration on secondary carrier. MS should only receive and buffer those frames in the active duration on the secondary carrier. BS may only schedule data burst for the MS in its active duration. Obviously, it reduces the power consumption of the MS.
19.x.3 Idle Mode and paging

In this case, BS just needs to paging MS in one carrier to reduce the overhead, and MS just needs to monitor one carrier for receiving the paging messages to achieve more efficiently power saving. The paging carrier can be broadcasted by BS or negotiate between MS and BS during deregistration procedure. 

19.x legacy support in multi-carrier
To simplify the system design, we suggest that 16m BS only use one carrier to legacy support for 16eMS.

==================================== End of the Text ================================
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