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1 Introduction

The downlink control shared channel is required to carry both downlink and uplink resource allocation information for a scheduled E-UTRA UE.
Since the number of bits available in the control channel is limited, efficient methods are needed to transmit the required information with the lowest number of bits. Current working assumption in RAN1 is to use a bit map to signal the resource allocation to each UE in the EUTRA downlink. However, due to the high overhead of the bitmap based approach (one bit per physical resource block i.e. 50 bits in 10 MHz as per current assumption), efficient methods to reduce the signaling load are very desirable.

In this document we propose a method of signaling downlink resource allocation that is guaranteed to require a bit overhead less than that of a bitmap. The proposed method can handle the following resource allocation:
· Discontinuous units of localized allocation: A UE is allocated multiple discontinuous localized allocations where each localized allocation is a certain number of contiguous resource blocks.
2 Linked Resource Allocation Signalling
The proposed method is shown in Figure 1 for the case when a UE is scheduled to receive data on three discontinuous localised resource block allocations (RED user). This figure shows the case for individually coded control channels. 
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Figure 1: Linked Resource Allocation for the individually coded control signalling 
Each UE monitors a set of fixed size shared control channels which indicate the resource allocation for the first localised set only. Information about subsequent localised allocations within the same subframe is provided within the resource blocks of the current allocation.

As an example in the above figure, the shared control channel indicates the resource allocation for the first localised allocation within the subframe. Optimised methods for signalling contiguous allocations have already been proposed [2] which can be adopted to signal this information. As per the current working assumption in 3GPP, there are 50 resource blocks within a 10 MHz bandwidth leading to an 11 bit resource allocation signalling within the shared control channel using the method proposed in [2]. In addition to the resource allocation information, the shared control channel also needs to contain an indicator indicating presence/absence of subsequent resource allocation information within the scheduled data block. This bit is henceforth called the “Follow Up” bit but can obviously be called anything else. Thus, a length 12 bit string (assuming 10 MHz UE capability) following the UE ID within the shared control channel can contain information about the first allocated resource and an indication of the presence of additional resources within the subframe.
The indication of the presence of additional discontinuous resources within the subframe is called a “Follow Up” bit within the shared control channel. 
The 11 bit resource allocation information together with the “Follow Up” bit (total of 12 bits) can be called a “Control TFI” within the shared control channel, where TFI is the transport format indication.

 It is to be noted that the shared control channel carries also a data TFI in order UE to demodulate its data accurately. 
If the “Follow Up” bit in the control TFI of the shared control channel is 1, it indicates linked resource allocation. In that case UE should expect an additional data and control TFI in the first localised allocation.
The data and control TFI (if present) in the first localised allocation can be encoded together in order to achieve a larger coding gain. 
In the same manner, if the “Follow Up” bit in this control TFI is 1, it indicates that there is a data and control TFI present in the subsequent localised allocation and 0 indicates otherwise. This method of indication proceeds, until the last localised allocation within the subframe is reached.
The proposed mechanism has a number of advantages over the bitmap method:
· Since the resource blocks allocated to the UE are based on CQI reports and are among the ones with the best reception quality at the UE, placing the control information within the same resource blocks will increase the possibility of correct demodulation of the control channel.
· Assuming individual coded control channels, a UE needs to read a single control channel to decipher its resource allocation across the whole bandwidth as opposed to multiple channels where each can provide resource allocation information across a particular part of the bandwidth. The individual control channels are all also of the same size since the size is determined by the number of bits in the resource allocation pattern within the control channel. This means that there is no need for the UE to detect the control channel boundaries using any bit pattern or blind detection methods. Buffering requirements for the UE is also reduced since the UE can stop reading additional control channels as soon as it detects its own ID in one as opposed to the case where multiple control channels provide resource allocation information to the UE.
· Assuming 10 MHz UE capability and control signalling indicating resource allocation for the entire 10 MHz band, upto 4 discontinuous localised resource allocations can be supported with a total resource requirement less than a single 50 bit bitmap (assuming 12 bits in each control TFI). Alternatively, if each allocation is done in units of smaller bandwidths, the total bit overhead can be further reduced (e.g. resource allocation over 2.5 MHz requires 7 bits [2] implying that 28 bits can be used to indicate resource allocation across the entire 10 MHz bandwidth).
· Since the OFDM symbols reserved for carrying the control channel (possibly first and second OFDM symbol) do not include all the resource allocation information, the overhead per UE within these resources is reduced leading to more UE’s being multiplexed within the control resources.
The disadvantage of the proposed scheme is that an additional separately coded control TFI is needed within each discontinuous localised resource block to indicate subsequent allocations.

3 Size Estimate of the Control TFI
This section provides an estimate of the size of the individual TFI’s in order to quantify their resource occupancy within each discontinuous localised resource blocks.

The control TFI is 12 bit (11 bit resource allocation and 1 bit “Follow Up”) which when protected with an 8 bit CRC and encoded using a 1/3 code occupies 30 subcarriers assuming QPSK modulation. Higher order modulations can be used to carry the control information (TFI) since they are present on resource blocks on which the UE has good channel conditions. This will further reduce the subcarriers used to transmit the control information. The exact mapping of the subcarriers carrying the control information onto the time-frequency plane is not specified here and is for further discussion. 
4 Alternative Manifestation
In an alternative manifestation, all of the subsequent control TFI’s are combined and included within the first discontinuous localised resource allocation or the one with best CQI, i.e. the best channel condition. Such a possibility is shown in Figure 2. The potential advantage of this method is the larger coding gain due to the concatenation of all the TFI’s of the discontinuous localised allocations. However, since the number of TFI’s in a subframe is dynamic and will depend on the number of discontinuous localised allocations allocated to the user by the scheduler, an additional field will be needed within the main shared control channel to indicate the size of the concatenated data and control TFI’s. For example, two bit in the main shared control channel may be enough to indicate up to four discontinuous localised allocations. In that case, “Follow Up” bit is not needed.

Figure 2: Alternative positioning of control information
5 Conclusions

 In this document we have described one method of indicating discontinuous localised resource allocations applicable to the EUTRA downlink. The described method achieves significant reduction in control signalling overhead compared to the full bitmap signalling that has so far been the working assumption in the RAN1 LTE study item. So we propose to adapt such method for LTE in the downlink.
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