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1
Introduction
In an OFDM based system it is possible to take advantage of multiuser diversity by using channel dependent scheduling in both frequency and time domain. Such multi-dimensional scheduling can lead to the efficient user traffic scheduling. The Node-Bs would manage the shared bandwidth and power across multiple users supported by the system. The wireless channels are inherently time varying, but since many data applications are delay tolerant, schedulers can intelligently schedule the transmission slots and subbands to the users avoiding transmission during adverse conditions. The goal of the subband scheduling is to exploit the knowledge of the frequency variations, but it has an associated cost of uplink signaling load.
In this document, we summarize the basic subband scheduling principles and suggest a text to be included in [1].
2
Subband Scheduling in OFDM
While the single user strategy, where one user is scheduled in each time slot, is simple, to achieve better system performance and granularity, it is beneficial to consider choosing multiple users to transmit at the same time. It can be done by selecting the best user for a group of subcarriers (subband). Hence, any time a user has a good channel in a subband, and not necessarily across entire bandwidth, it can be selected for transmission in that subband. There are several aspects related to subband scheduling that need to be considered. Some of them are subband size (bandwidth occupied by a subband), uplink feedback overhead to report the channel quality on each subband, and method to map the received signal onto a channel quality metric that can be used for scheduling.
Subband Size
Theoretically, if the subband size (the bandwidth assigned to one subband) is smaller, the better channel adaptation can be expected. However, due to some practical limitations, such as feedback delay, finite granularity of MCSs available, turbo decoding performance of small packets, and because of increased feedback overhead to report the channel quality on each subband, the desirable subband size need not to be very small. We have shown in [2] that having more than four subbands per 5 MHz bandwidth, corresponding to approximately 1.125 MHz subband bandwidth, there is hardly any gain. Similar observations were seen by others, for example in [3], where the subband size of 0.9 MHz is quoted. It should be noted that the subband size does not necessarily suggest the minimum resource allocation. In other words, different users can be multiplexed within one subband, where each user would occupy narrower transmission bandwidth than the subband bandwidth. This allows for low data rate transmissions.
Feedback Considerations

Subband scheduling may pose some problems related to the amount of feedback information that would represent the downlink channel quality of each subband if the number of subbands were large. The number of subbands depends on the subband size and the overall system bandwidth. For the given number of subbands, there are several approaches to decrease the feedback overhead:
1. Only feed back information from the several strongest subbands
2. The feedback information may be sent only occasionally, while only the differential information (change with respect to the previous) is sent on a regular basis
3. The full feedback is sent only for the strongest subband, while the differential information, with respect to the strongest subband, is signaled for the rest of the subbands.
We have shown in [2] that using the approach 3, it is possible to reduce the feedback without a significant performance loss compared to the full feedback sent for all subbands. 
Channel Quality Mapping
Effective SNR method can be used to map the current channel conditions as the system feedback. This mapping determines the expected BLER and predicts supportable MCS on the following scheduling interval. The effective SNR is defined as:
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Where C denotes the capacity function constrained to the modulation scheme used, and SNRi is the SNR of the ith modulation symbol in a packet consisting of N modulation symbols. It is possible to extract the effective SNR that applies to the whole or part of the frequency band, if the individual subband effective SNRs are available.
4
Summary
In this document, we summarized the basic subband scheduling principles and discussed subband size, feedback needed for subband scheduling and channel quality mapping matters. The following is the text we suggest to be included in [1]:
7.1.2.1

Scheduling

In an OFDM based system it is possible to take advantage of multiuser diversity by using channel dependent scheduling in both frequency and time domain. Such multi-dimensional scheduling can lead to the efficient user traffic scheduling. The Node-Bs would manage the shared bandwidth and power across multiple users supported by the system. The wireless channels are inherently time varying, but since many data applications are delay tolerant, schedulers can intelligently schedule the transmission slots and subbands to the users avoiding transmission during adverse conditions.
There are several aspects related to the subband scheduling that need to be considered. Some of them are subband size (bandwidth occupied by a subband), uplink feedback overhead to report the channel quality on each subband, and method to map the received signal onto channel quality metric that can be used for scheduling.

Subband Size
Theoretically, if the subband size is smaller, the better channel adaptation can be expected. However, due to some practical limitations, such as feedback delay, finite granularity of MCSs available, turbo decoding performance of small packets, and because of increased feedback overhead to report the channel quality on each subband, the desirable subband size need not to be very small. The subband sizes corresponding to 1.125 MHz and 0.555 MHz can be considered as good tradeoffs. It should be noted that the subband size does not necessarily correspond to the minimum resource allocation. In other words, different users can be multiplexed within one subband, where each user would occupy narrower transmission bandwidth than the subband bandwidth. This allows for low data rate transmissions.
Feedback Considerations

For the given number of subbands, there are several approaches to decrease the feedback overhead:
1. Only feedback information from the several strongest subbands
2. The feedback information may be sent only occasionally, while only the differential information (change with respect to the previous) is sent on a regular basis
3. The full feedback is sent only for the strongest subband, while the differential information, with respect to the strongest subband, is signaled for the rest of the subbands.

Channel Quality Mapping
Effective SNR method can be used to map the current channel conditions as the system feedback. This mapping determines the expected BLER and predicts supportable MCS on the following scheduling interval. The effective SNR is defined as:
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Where C denotes the capacity function constrained to the modulation scheme used, and SNRi is the SNR of the ith modulation symbol in a packet consisting of N modulation symbols. It is possible to extract the effective SNR that applies to the whole or part of the frequency band, if the individual subband effective SNRs are available.
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