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1 Introduction

The resource allocation information must be signalled in the downlink L1/L2 control channel to each scheduled UE. For the uplink, an efficient Tree-based method has been already proposed for the localised allocations [2]. However, for downlink, a discontinuous localised allocations and resource block level distribution must be supported with small number of signaling bits.

In this contribution, a combination of reduced Bit-mapping and Tree-based method is proposed for the downlink resource assignment with discontinuous localised allocations and resource block level distribution transmission.

2 DL Resource Allocation Signalling 
The proposed reduced Bit-mapping method is shown on Table 1a-c for different bandwidths. In order to reduce the signalling bits, the total system bandwidth is divided into three equal parts (Upper, Middle and Lower) for 20MHz and 15MHz bandwidths while 10MHz, 5MHz and 2.5MHz are divided into two equal parts each. However, for smaller bandwidth of 1.25MHz, no division is applied as the signalling bits are already small. 
In addition, a Tree-based method signalling can be used where there is small number of discontinuous localised allocations that are locating in different parts of the system bandwidth. This will give a greater flexibility to the scheduler. In Table 1a for 20MHz bandwidth, signalling of two localised allocations are concatenated and padding is used for the remaining bits, 13x2+padding = 34 bits.

For the DL resource block (RB) level distributed transmission, we assume the concept described in [4-5] where some RBs are put aside for distributed transmission. The location of these RBs can be signalled within L1/L2 control signalling for each UE or broadcasting channel for all UEs. In our proposal, in order to reduce the number of signalling bits, in some bandwidth, it is more efficient to signal the location of these RBs in the broadcasting channel while in some other bandwidths there is always some space for the signalling of these RBs in L1/L2 control channel. When these distributed RBs are signalled within L1/L2 control signalling as part of the resource assignments (see for example Table 1a with last 111 bits) a Tree-based method [6]  can be used to provide the smallest number of bits in view of  that the location of these RBs are equally spaced within the whole system bandwidth.
For RB level distributed transmission, multiple users are multiplexed subcarrier-wise within one RB as shown on Figure 1. It is possible one UE to be assigned more than one subcarrier depending on the required data rate. We propose to apply either Bit-mapping (i.e. 12 bits) or Tree-based method (i.e. 7 bits) to indicate the number of subcarriers allocated for each UE.
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        Figure 1.  RB level distributed transmissions.
    Table 1a. DL Resource assignment signalling in 20MHz and 10MHz bandwidths.
	20MHz
	15MHz

	100 RBs
	75 RBs

	Resolution 1,2,3
	Resolution 1,2,3

	000
	34 bit, Upper part with 1RB resolution (34 RBs)
	000
	25 bit, Upper part with 1RB resolution (25 RBs)

	001
	34 bit, Middle part with 1RB resolution (34 RBs)
	001
	25 bit, Middle part with 1RB resolution (25 RBs)

	010
	34 bit, Lower part with 1RB resolution (34 RBs)
	010
	25 bit, Lower part with 1RB resolution (25 RBs)

	011
	34 bit, Upper part with 2RB resolution (68 RBs)
	011
	25 bit, Upper part with 2RB resolution (50 RBs)

	100
	34 bit, lower part with 2RB resolution (68 RBs)
	100
	25 bit, Lower part with 2RB resolution (50 RBs)

	101
	34 bit, All with 3RB resolution (max 100 RBs)
	101
	25 bit, All with 3RB resolution (75 RBs)

	110
	34 bit, Concatenated two discontinuous localised assignments  using Tree-based method (13x2+padding = 34 bits)
	110
	25 bit, Concatenated two discontinuous localised assignments  using Tree-based method (12x2 = 24+padding =25 bits)

	111
	34 bit, Distributed RBs signalling using Tree-based (13 Bits) and distributed subcarrier assignment using Bit-mapping method (12 bits),  in total = 13+12+padding = 34 bits.
Note:BCH is not needed to signal distributed RBs.
	111
	25 bit, Distributed RBs signalling using Tree-based (12 Bits) and distributed subcarrier assignment using Bit-mapping method (12 bits),  in total = 12+12+padding = 25 bits.

 Note:BCH is not needed to signal distributed RBs.

	Total bits
	     3+34  = 37 bits
	      3+25 = 28 bits


       Table 1b. DL Resource assignment signalling in 10MHz and 5MHz bandwidths.
	10MHz
	5MHz

	50 RBs
	25 RBs

	Resolution 1,2
	Resolution 1,2

	000
	25 bit, Upper part with 1RB resolution (25 RBs)
	00
	13 bit, Upper part with 1RB resolution(13 RBs)

	001
	25 bit, Lower part with 1RB resolution(25 RBs)
	01
	13 bit, Lower part with 1RB resolution(13 RBs)

	010
	25 bit, All with 2RB resolution (50 RBs)
	10
	13 bit, All with 2RB resolution (max 25 RBs)

	011
	25 bit, Concatenated two discontinuous localised assignments using Tree-based method (11x2 = 22+padding =25 bits).
	11
	13 bit, Distributed subcarrier assignments using Bit-mapping method (12 bits), in total = 12+padding = 13 bits.

Note:BCH  is needed  to signal distributed RBs.

	100
	25 bit, Distributed RBs signalling using Tree-based (11 Bits) and distributed subcarrier assignment using Bit-mapping method (12 bits),  in total = 11+12+padding = 25 bits.

 Note:BCH is not needed to signal distributed RBs.
	                         2+13 = 15 bits

	   Total bits 
	   3+25 = 28 bits
	


       Table 1c. DL Resource assignment signalling in 2.5MHz and 1.25MHz bandwidths. 

3 Conclusions

In this contribution, we have proposed a combination of reduced Bit-mapping method and Tree-based method to minimize the number of bits for DL resource allocation signaling. Hence, we propose to adapt such method for LTE DL resource assignment, Table 1a-c be accepted.
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