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1
Introduction
Sub-band scheduling has been shown to improve the system throughput in E-UTRA DL, by assigning UE in a preferred sub-band based on its channel frequency response [1]. In order to support DL sub-band scheduling, Node-B needs to know the channel quality per sub-band. With the presence of common pilot on DL, UE can measure the channel properties and send them back to Node-B to enable sub-band scheduling. 
E-UTRA UL is an orthogonal multiple access system and pilots are transmitted only when there is data transmission. In order to perform sub-band scheduling, there has to be some mechanism to allow for Node-B to estimate the channel quality per sub-band even when the UE is not transmitting data.
In this contribution, we consider both the explicit and implicit ways of indicating the UL channel quality for sub-band scheduling. The explicit signalling assumes a broadband pilot, while the implicit one is obtained by utilizing the UL CQICH. 
2
Explicit Sub-band Signalling – Broadband Pilot
There are different ways to accommodate broadband pilot. In this section we present 2 possible options.
2.1 Option 1 – Allocate One Short Block for Broadband Pilot
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Figure 1

Slot Format
Figure 1 shows the basic sub-frame structure given in [2] for the UL transmission. The sub-frame consists of two SBs and six LBs. Reference signals are transmitted within the two SBs and they can be used at the Node-B for the following two purposes: 
· Uplink channel estimation for uplink coherent demodulation/detection
· Possible uplink channel quality estimation for uplink frequency- and/or time-domain channel dependent scheduling
In order to get an estimate of the channel quality per sub-band, distributed pilots are needed for each UE. To maintain a low PAR localized and distributed pilots cannot coexist in the same block, therefore, we could dedicate one SB (e.g., first SB) for coherent demodulation/detection while use the other SB (e.g., second SB) for broadband pilots. Regularly spaced pilot sub-carriers on second SB are assigned to each UE and Node-B can therefore estimate the channel quality per sub-band.
With this option the overall pilot overhead is kept the same as without broadband pilots, however, there will be impact on the channel estimation as the number of pilot sub-carriers used for coherent demodulation/detection is decreased. This channel estimation loss can be minimized by reducing the duty cycle for interleaved broadband pilots.
2.2 Option 2 – Allocate One Long Block for Broadband Pilot
In option 2, we keep two SBs for channel estimation while allocate one LB for the transmission of broadband pilots. This LB needs not be present in every sub-frame. Similar to option 1, regularly spaced pilot sub-carriers are assigned to each UE.
With option 2, there is no impact on channel estimation, however, the overall pilot overhead is increased. This overhead can be minimized by reducing the duty cycle of broadband pilots.
3
Implicit Sub-band Signalling 

In section 2, Broadband pilots are introduced to indicate the uplink channel quality per sub-band. Assuming UL CQICH is transmitted periodically, it is possible to estimate the channel quality per sub-band and broadband pilot is not necessarily needed.
3.1
Option 1 – Measure PSD per Sub-band with Interleaved CQICH

The primary purpose of CQICH is to supply the Node-B with a DL channel quality that can be used for scheduling transmission on the DL. Hence, CQICH should be sent regularly by every UE. Assuming interleaved FDM is used to transmit CQICH, Node-B could possibly measure the received PSD (power per tone) per sub-band through the CQICH. In this way Node-B can decide which sub-band has the highest channel gain and can schedule UE on that particular sub-band.
When the number of sub-carriers for CQICH is less than the number of sub-bands, it is possible to estimate the PSD per sub-band with multiple CQI transmissions, provided that frequency hopping is enabled with CQICH. 
3.2
Option 2 – Use Localized CQICH to Reconstruct Each Sub-band
Assume CQICH is sent out once every T ms from each sub-band using localized FDM and assume there are N sub-bands in total, in TN ms Node-B obtains the knowledge of the received CQI performance on each sub-band. The time for Node-B to reconstruct the channel can be designed such that it is less than both the channel coherence time and the UL power control period. Node-B can infer that the sub-bands with better CQI performance see better channel quality hence could schedule UE on those sub-bands. 
4
Summary
In this contribution, we propose several options to indicate UL sub-band channel quality in order to allow for sub-band scheduling. The explicit indication is done by introducing broadband pilot while the implicit one utilizes the UL CQICH. 
We propose to capture this in [2].
5
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