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1
Introduction
Good progress was made in RAN1#50 on the details of resource allocation indication for the DL assignments. 

In essence, two alternatives were discussed where

· Alternative 1: bitmap allocation with possible grouping of RBs to reduce the overhead

· Alternative 2: capability of single RB granularity with an indication mechanism FFS

To be able to allocate resources for “wideband” (e.g. best effort traffic) as well as “narrowband” (e.g. retransmissions of persistent allocations) applications we require a combination of the two approaches listed above. 

Alternative 1 and 2 collapse to the same resource allocation strategy for small system bandwidths, e.g., 6RBs, where the plain bitmap of RBs can be used to assign DL resources. For larger system bandwidths, in order to contain the overhead of the resource allocation, multiple RBs will be grouped and Alternative 1 will provide the means to allocate multiple RB-groups to one UE using a bitmap of RB-groups. In order to be able to allocate a small number of RBs we need to resort to Alternative 2 with a single-RB granularity. 
Clearly, Alternative 1 is an adequate resource allocation strategy for best-effort traffic where all the UEs requiring DL data allocations are eligible for large bandwidth allocations. Alternative 2, at first sight is the resource allocation choice for narrowband applications (e.g. VoIP). However, Alternative 2 can also be used for best-effort users to fill up the “holes” in the spectrum opened by the narrowband allocations. 
As we will see in Section 2, the fragmentation of resources for small allocations will increase the need for a resource allocation mechanism that would allow allocating resources on more than one “island”. 

This document discusses different possibilities for the DL resource allocation using Alternative 2. In general, it compares allocations based on bitmap with allocations based on contiguous resources on multiple islands. 

2
DL Assignment Resource Indication for Alternative 2

Two major schools of thought exist:

· Bitmap based on a limited set of resources

· Contiguous allocations on multiple islands

This section discusses the main characteristics of both approaches. 

The common characteristics can be summarized as follows:

· Pool of RBs is divided in islands

2.1
Bitmap based 

This resource allocation mechanism is characterized by:
· Bitmap to the chosen island
· Bitmap inside the island to indicate resources being allocated

Note that indication of resources on a single island for a UE in subframe is supported. 

The savings in the number of bits required for the resource allocation of the bitmap based approach comes from having multiple islands. The more islands are defined, the less number of bits are required for the allocation within one of those islands. However, also the less flexibility we will have for the allocation of a given UE given that all the resources need to be contained within a single island. 
2.2 Consecutive RBs on multiple islands
This resource allocation mechanism is characterized by:

· Implicit bitmap to each of the islands
· Implicit because simultaneous allocations in all islands is supported

· Consecutive resources on each of the islands

· Need starting point and number of RBs in each of the islands

· Generalization of UL allocation to multiple islands

Note that resources on each of the islands can be allocated to a UE in a subframe.
2.3 Tree-based RB allocation on multiple islands

This resource allocation mechanism is characterized by:

· Implicit bitmap to each of the islands

· Implicit because simultaneous allocations in all islands is supported

· Resources on each of the islands allocated using a tree approach

· Tree allocation is a special case of contiguous allocation with somehow more constraints but with less number of bits required for the indication of resources. As a result, tree-based allocations can allocate resources in more islands than the unconstrained contiguous allocations discussed in section 2.2.

Note that resources on each of the islands can be allocated to a UE in a subframe. 
3
Discussion

The following tables show the number of bits for different Alternative 2 strategies for different system bandwidths (20MHz, 10MHz and 5MHz). The number of bits required for Alternative 1 is also shown as it determines the upper-bound for bits for resource allocations via Alternative 2 as agreed in RAN1#50. As a result, we consider that a single bit to indicate whether alternative 1 or alternative 2 is used is sufficient as the “header” of the resource allocation information. 
We introduce the following variables:

· R is the number of RBs in the system bandwidth

· M is the number of RBs that are grouped for resource allocations following Alternative 1

· M’ is the number of RBs that are grouped for resource allocations following Alternative 2

· S is the number of islands used for resource allocations following Alternative 2

Resource allocations for 20MHz system bandwidth:
	R
	100
	Number of RBs in the system (20MHz)
	

	
	
	
	
	
	
	

	Alternative 1 (bitmap)
	
	
	
	
	

	
	M
	4
	Number of RBs grouped for Alt 1

	
	R/M
	25
	
	
	
	

	
	Req'd #bits
	25
	bits
	
	
	

	
	
	
	
	
	
	

	Alternative 2
	
	
	
	
	

	
	M'
	1
	Number of RBs grouped for Alt 2

	
	
	
	
	
	
	

	
	
	-> S
	
	
	
	

	
	Req'd #bits
	1
	2
	3
	4
	5

	
	Bitmap
	100
	51
	36
	27
	23

	
	Tree
	8
	14
	19
	23
	27

	
	Contiguous
	13
	21
	28
	34
	39



From the above table, bitmap approach requires the creation of 5 islands of resources to keep an overhead smaller than or equal of that of Alternative 1. Resources in only one of the 5 islands can be flexibly allocated. This means that resources to a given UE can only use 20% of the spectrum for resource allocations. This will make the filling up of “holes” in the spectrum created by small allocations dependent on the availability of a large enough number of users. These users will get resources on only one island each. 

In contrast, a tree-based allocation on up to 4 islands is possible with an overhead smaller than or equal to the number of bits required for Alternative 1. Effectively, this means that allocations on 4 different islands with a tree-based structure on each one of them could be supported. This (large) number of islands will make possible to increase the spectrum utilization by providing the capability to allocate resources of a single user on the 4 different islands and hence, being able to fill up the “holes” in the spectrum opened by small allocations. 
The island based contiguous allocation requires more bits than the island based tree allocation. As we can see from the table above we could support 2 islands. Therefore, allocation of resources on the two islands with contiguous resources on each of them could also be supported with an overhead smaller than the one incurred by Alternative 1. 

Resource allocations for 10MHz system bandwidth:

	R
	50
	Number of RBs in the system (10MHz)
	

	
	
	
	
	
	
	

	Alternative 1 (bitmap)
	
	
	
	
	

	
	M
	3
	Number of RBs grouped for Alt 1

	
	R/M
	16.67
	
	
	
	

	
	Req'd #bits
	17
	bits
	
	
	

	
	
	
	
	
	
	

	Alternative 2
	
	
	
	
	

	
	M'
	1
	Number of RBs grouped for Alt 2

	
	
	
	
	
	
	

	
	
	-> S
	
	
	
	

	
	Req'd #bits
	1
	2
	3
	4
	5

	
	Bitmap
	50
	26
	19
	15
	13

	
	Tree
	7
	12
	16
	19
	22

	
	Contiguous
	11
	17
	22
	26
	29


The above table shows different resource allocation strategies for 10MHz bandwidth and assuming a maximum overhead for the DL resource indication of 17bits. As we can see, the bitmap approach requires the creation of 4 islands to keep an overhead smaller than or equal to that of Alternative 1 allocations. 

At the same time, an island-based tree allocation can allocate resources on trees of three different islands. 
The same trade-off as before is encountered here where: 

· Island-based bitmap alternative 2 requires to go to a large number of islands to keep the overhead low

· Larger number of islands in a bitmap-based approach increases the resource allocation constraints as resources on only one island are allocated at a time.

· Island-based tree alternative 2 increases the resource allocation flexibility as the number of islands increases

· Resources on each one of the islands can be allocated to a single UE

· This increases the capability to fill up the holes opened in the spectrum by small allocations 

Finally, the following figure shows different resource allocation strategies for a 5MHz system bandwidth. 
Resource allocations for 5MHz system bandwidth:

	R
	25
	Number of RBs in the system (5MHz)
	

	
	
	
	
	
	
	

	Alternative 1 (bitmap)
	
	
	
	
	

	
	M
	2
	Number of RBs grouped for Alt 1

	
	R/M
	12.5
	
	
	
	

	
	Req'd #bits
	13
	bits
	
	
	

	
	
	
	
	
	
	

	Alternative 2
	
	
	
	
	

	
	M'
	1
	Number of RBs grouped for Alt 2

	
	
	
	
	
	
	

	
	
	-> S
	
	
	
	

	
	Req'd #bits
	1
	2
	3
	4
	5

	
	Bitmap
	25
	14
	11
	9
	8

	
	Tree
	6
	10
	12
	15
	16

	
	Contiguous
	9
	13
	16
	19
	20


Small persistent assignments and allocations requiring single-RB granularity i.e., the use of Alternative 2, will fragment the RB allocation space.

4
Conclusions

From the analyses in the previous sections, the following conclusions can be drawn:

· Alternative 1 resource allocation is adequate for best-effort traffic with no restrictions on the resource allocation
· Alternative 2 resource allocation has two goals

· Supporting resource allocations for narrowband applications

· Supporting the filling up of holes open by small resource allocations

· Persistent assignments

· Retransmissions of persistent assignments

· Transmission of narrowband content, e.g., TCP ACKs, instant messages, VPN keep alive messages, …

In summary, we propose the following principles be adopted for E-UTRA:
· Approach 1 and 2 are both supported for DL resource allocations

· Approach 2 to be based on 
· Island based with tree allocation structure

· The values of (S, M) are tied to the system bandwidth
· Value of M is required for Approach 1 therefore the number of bits for Alternative 1 is deterministic for a given system bandwidth
· The value of S is the maximum value such that the number of bits for the resource allocation using Alternative 2 is smaller than or equal to that required for Alternative 1

· Value of M’=1 (single RB granularity for Alternative 2)

· VRB tree nodes indicated in PDCCH
· Single-bit header to indicate whether the resource allocation uses Alternative 1 or Alternative 2 in PDCCH formats with fully flexible DL assignments
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