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Introduction

The resource allocation for DL and UL are signaled to UE via L1/L2 control channels in LTE. It has been agreed that it’s impossible to use straight bitmap to indicate all combination due to high overhead. And it has been discussed in RAN1 #49bis that the downlink resource allocation function must have the following properties [1]:
· Support for distributed allocation

· Minimum RB Allocation: minimum addressing granularity of 1 RB anywhere in the carrier band

· VoIP allocation: allocations with 1 RB granularity for different VoIP UEs can be assigned at top and bottom of band in contiguous fashion
· No unoccupied RBs due to address limitations

· Minimal FDS performance loss
Many contributions [2-6] have been proposed on this topic in the previous meetings. However, all these contributions sacrifice scheduling flexibility and frequency selective gain to reduce overhead. In this contribution, a resource allocation and indication scheme is proposed as a complementary of above mentioned schemes, in order to better balance the tradeoff between resource allocation flexibility and overhead.
2 Resource Allocation Signalling
2.1 Resource allocation and indication Scheme
The basic principle of the proposed scheme is to introduce one bit in the resource allocation signal to indicate it’s a new allocation or it’s a modification of the latest used resource, as figure 1 shows, to extend the grant modification concept in HSUPA.
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Figure 1

When UE receives a resource allocation signal with a “modification” indicator, it will compare the resources indicated in the signal with its latest used resource, remove the re-signaled RBs and add the newly indicated ones, i.e. to do Exclusive OR (XOR) operation of the latest used RBs and the RBs signaled, then use the modified RBs for the following data transmission/reception. 
When UE receives a resource allocation signal with a “new” indicator, it will use the resources indicated in the signal as resources for the following data transmission/reception, regardless of its latest used resources.

The detail modification schemes are discussed as follows, depending on whether Valid TTIs Duration field is included.

Scheme 1: If there’s no Valid TTIs Duration field, resource allocation is valid infinitely until a “zero” allocation received, resource modification can be made to the resources used in previous TTI. The “zero” allocation could be a “zero” grant or dedicated SR channel assignment for UL or a “zero” assignment for DL.
Scheme 2: If there’s no Valid TTIs Duration field, which means resource allocation is valid for only a fixed duration of TTIs, resource modification can be made either within valid TTIs duration or at next scheduling after valid TTIs expiration. The value of fixed duration of TTIs can be only one TTI or any value signaled by NW.
Discussion: If Valid TTIs Duration field is not included, we prefer to adopt scheme 2 than scheme 1 taking zero allocation overhead into consideration.
Scheme 3: If Valid TTIs Duration field is included and its value indicates the valid duration of the allocation, resource modification can be made either within Valid TTIs Duration or at next scheduling after valid TTIs expiration.

Scheme 4: In addition to scheme 3, a special value of Valid TTIs Duration is used to indicate it’s valid infinitely, until a “zero” allocation received, resource modification can be made to the resources used in previous TTI.

Discussion: If Valid TTIs Duration field is included, we propose to adopt scheme 3. And reserve the possibility of scheme 4 for further discussion.
Figure 2 gives an example of resource allocation for 20MHz using the proposed scheme as a complementary of other resource assignment methods.
1. When the latest used resource is as figure 2-1 shows and UE receives a modification signal with RBs indication 35, 36, 74, 76, 77. Remove the re-signaled RBs, i.e. RB 74, 76, 77, and add the newly indicated ones, i.e. RB 35, 36, and use the RBs filled in yellow as figure 2-2 shows as resource for the following data transmission/reception;
2. As figure 2-3 shows, when UE receives a new resource allocation, use the resource indicated in the signal as resource for the following data transmission/reception ;
3. As figure 2-4 shows, if an allocation is valid for infinite TTIs and there’s no dedicated SR channel assignment, a zero allocation is needed for taking back allocated resources.
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Figure 2

By introducing one bit to indicate the signal is a new resource allocation or a resource modification, the scheduling flexibility can be improved greatly and frequency selective gain is achieved with much less constraints.

2.2 DL Resource assignment 
As already agreed, discontinuous resource assignment needs to be supported for DL. Using the proposed scheme in section 2.1 as a complementary to other schemes would support more combinations possibilities of RBs allocation. And resource allocation modification is done on demand, overhead could be reduced. Hence, we propose the following proposals for DL resource assignment signaling:
Proposal 1: Use one bit in the DL resource assignment signal to indicate the assignment is to modify the latest valid assignment or it’s a new assignment.

Proposal 2: The modification can be done within valid TTIs duration or after valid TTIs duration expired. 
Proposal 3: A special valid TTIs duration value is used to indicate the assignment is valid for infinite TTIs until a Zero assignment is signaled indicating the assigned resource not usable any more.
2.3 UL Grant
When there’s no enough continuous resource to be allocated to some UEs, instead of adjusting other UEs’ resource usage to acquire enough continuous RBs, the eNB may simply add another smaller group of continuous RBs to the assigned UE with the proposed scheme, as figure 3 shows, which solves the problem of some RBs cannot be assigned due to addressing limitations for a given sub-frame. This could not only reduce the unnecessary signaling overhead, but also improve the resource allocation flexibility. 
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Figure 3

Hence, we propose the following proposals for UL grant signaling similar to DL resource assignment: 
Proposal 4: Use one bit in the UL grant to indicate the grant is to modify the latest valid grant or it’s a new grant. 

Proposal 5: The modification can be done within valid TTIs or after valid TTIs duration expired.
Proposal 6: A special valid TTIs duration value is used to indicate the grant is valid for infinite TTI until a zero grant or dedicated SR channel assignment received. 
3 Conclusions

In this contribution, we’ve proposed a resource allocation and indication method as a complementary to other resource signaling schemes. We propose to introduce one bit to indicate new resource allocation or resource modification for LTE UL and DL resource signaling and propose to adopt proposals 1-6 in section 2.
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