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1 Introduction

In the last meetings RAN1#49Bis and RAN1#50, some agreements have been made the signalling of the UL and DL resource allocations. Compact DL grant was agreed as follows:
· Allow the use of the small payload size PDCCH format also for signaling of downlink scheduling information.
· ”Compact” DL assignment” [9]:
· Uses the same PDCCH payload size as UL grant

· Does not allow for full exploitation of all possible DL features
The assumption is that this small payload size PDCCH format can carry either DL or UL scheduling information. For this type of scheduling information, an efficient extended Tree-based method has been already proposed for the localised allocations [2].  
For PDCCH format with larger payload size, signaling of discontinuous localised allocations must be supported with small number of signaling bits. Framework of two approaches was discussed and agreed [9], but the details of each approach remains to be agreed.
In this contribution, a combination of reduced Bit-mapping (i.e. Approach 1) and extended Tree-based method (i.e. Approach 2) is proposed for the downlink resource assignment with discontinuous localised allocations (i.e. PDCCH format with larger payload size).

2 DL Resource Allocation Signalling 
Approach 1.

The proposed reduced Bit-mapping method (i.e. Approach 1) is shown on Table 1a-c for different bandwidths. In order to reduce the signalling bits, the total system bandwidth is divided into a number of parts; for example four parts for 20MHz, three parts for 15MHz and two parts for 10MHz and 5MHz. However, for smaller bandwidths of 3MHz and 1.4MHz no divisions are applied as the signalling bits are already small.  Figure 1a shows 15MHz bandwidth divided into three equal parts of Upper, Middle and Lower parts.
Table 1a-c shows DL resource allocation signalling with resolution of 1, 2, 3, 4RBs and dynamically changing the resolution of the RBs so that at given time either part(s) or whole bandwidth is signalled to the UE. As shown in [11], there is some performance degradation for RB group size of 3 and 4 compare to RB group size 2.
Approach 2.
In addition to the above proposed reduced Bit-mapping method, an extended Tree-based method (i.e. Approach 2) can be used where there are a number of Islands (i.e. discontinuous allocations) that are locating in different parts of the system bandwidth. In Figure 1b, UE1 is scheduled on two Islands on the Upper and lower parts of 25MHz with 1RB resolution. 
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Further more on Figure 2b, UE1 is assigned into two Islands of resources having different sizes while on Figure 2c, in this time, UE1 is scheduled on two Islands of 1RB size. So, it is obvious that extended Tree-based method can handle well a number of Islands of resources having variable sizes with 1RB resolution while reduced Bit-mapping method can not do that with 1RB resolution. Hence, combining the extended Tree-based method with reduced Bit-mapping will give a greater flexibility to the scheduler. 
Figure 1. a) 15MHz bandwidth divided into three equal parts. b) UE1 is scheduled on two Islands of Upper and Lower Parts by using extended Tree-based signalling method with 1RB granularity for 15MHz bandwidth.
Figure 2. UE1 is assigned into two Islands of resources that can be with different sizes using Tree-based signalling method with 1RB granularity for 15MHz bandwidth.
Table 1a. DL RA signalling in 20MHz and 15MHz bandwidths.

	20MHz (100RBs)
	15MHz (75RBs)

	Resolution or RB Grouping 1,2,4
	Resolution or RB Grouping 1,2,3

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

	001
	26 bit, Upper part-2 with 1RB resolution (25 RBs)
	001
	25 bit, Middle part with 1RB resolution (25 RBs)

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

	011
	26 bit, Lower part-2 with 1RB resolution (25 RBs)
	011
	25 bit, Upper + Middle parts with 2RB resolution (50 RBs)

	100
	26 bit, Upper Part1 and 2 with 2RB resolution (50 RBs)
	100
	25 bit, Lower + Middle parts with 2RB resolution (50 RBs)

	101
	26 bit, Lower Part1 and 2 with 2RB resolution (50 RBs)
	101
	25 bit, All resources with 3RB resolution (75 RBs)

	110
	26 bit, All resources with 4RB resolution (max 100 RBs)
	110
	25 bit, two Islands using extended Tree-based method (12x2 = 24+padding bits =25 bits)

	111
	26 bit, two Islands  using extended Tree-based method (13x2 = 26 bits)
	
	

	Total bits
	     3+26  = 29 bits
	      3+25 = 28 bits


Table 1b. DL RA signalling in 10MHz and 5MHz bandwidths.
	10MHz (50RBs)
	5MHz (25RBs)

	Resolution or RB Grouping 1,2
	Resolution or RB Grouping 1,2

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

	01
	25 bit, Lower part with 1RB resolution(25 RBs)
	01
	13 bit, Lower part with 1RB resolution(12 RBs)

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

	11
	25 bit, two Islands using extended Tree-based method (11x2 = 22+padding =25 bits).
	
	

	   Total bits 
	   2+25 = 27 bits
	       2+13 = 15 bits


Table 1c. DL RA signalling in 3MHz and 1.4MHz bandwidths. 
	3 MHz (15RBs)
	1.4MHz (6RBs)

	Resolution or RB Grouping 1
	Resolution or RB Grouping 1

	15 bit, All resources with 1RB resolution (15 RBs) using Bit-mapping.)
	6 bit, All resources with 1RB resolution (6 RBs) using Bit-mapping.

	
	                      6 bits               



	Total bits     =        15 bits
	


3 Conclusions

In this contribution, we have proposed a combination of reduced Bit-mapping method (i.e. Approach 1) and extended Tree-based method (i.e. Approach 2) to minimize the number of bits for DL resource allocation signaling. Hence, we propose to adapt such approaches for LTE DL resource assignment, Table 1a-c be accepted where the RB granularity is 1 for BW <25 RB, 2 for 25-50, 3 for 51-75 and 4 for >75.
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