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1. Introduction
In our contribution ‎[1] we have shown the high performance of the flexible interference coordination approach in time-frequency and power domains which, when used in conjunction with a simple ICIC-based RRM, has the merit of significantly increased UE throughput. This distributed approach is not influenced by the real backhaul delays.
In this contribution we propose the Information Elements which are needed in order to support this approach. 
2. Collaborative distributed scheduling
The Distributed CoMP-CS (D-CoMP-CS) procedures presented in continuation imply an extension of X2 interface for allowing fast distributed scheduling while taking into account the procedures of cooperative inter-cell interference coordination (ICIC).

While in the static ICIC the resources for transmissions with different power levels are semi-statically allocated, the “D-COMP-CS” allows a LTE network to react in a fast mode, independent of backhaul delays, to a fast changing interference environment. This is achieved by sharing over the X2 interface the scheduling information and the power allocations in the collaborating cells.
The basic principles of this proposal are based on:

1. The data is available only at the serving eNB;

2. Each eNB creates its own collaborating micro-cluster, composed by those eNBs creating reciprocal interference in downlink;

3. The information on resource and power allocation is distributed by each cell to the other cells in its micro-cluster; based on the RRM policies, a resource can be reused or not by the other eNBs in the micro-cluster.

4. Fast scheduling and power information sharing, allowing the time-frequency-power resource scheduling by each small cell independently.
1. Information Elements
The following IEs are needed; they can be part of the existing “LOAD INFORMATION” message in ‎[2].
· Resource Usage Start: Subframe and Subbands used (scheduling in OFDMA / SC-FDMA context)

· Allows fast detection of contentions, if any, and fast NACK, if needed

· Additional Resource Usage Information: Tx power, UE position, etc.

· Resource Usage Release: at the end of packet transmission, the resource is released

· Resource usage feedback info: NACK on the specific resource use (NACK is a pro-active contention signalling) or a proposal for using reduced power.
The shared information can of course include more elements, as UE position, but only the exchange of power and scheduling information already shows significantly increased performance of the average UE throughput.

a. Influence of backhaul delays

The influence of backhaul delays is only on the contention between the information on resource allocation, and not between the usages of the resources. The probability of contention is shown in ‎[1]; the contention probability being very low (under 10-6), it results that this distributed procedure is not influenced by the backhaul delays.
2. Formal IE definition

The text below is suitable for introduction in TS36.423 [2].

9.2.xx RU Start (Resource Usage Start)

This IE is suitable for exchange of scheduling information. The IE shall be sent out before the UE scheduling is actually using the indicated resources. The resource is utilised in the specified manner until is released or up-dated. It includes:
RU-Start 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	RU_Start 

	
	
	
	

	>Cell Information Item
	
	1 .. <maxCellineNB>
	
	

	>>Cell ID
	M
	
	ECGI

9.2.14
	Id of the source cell

	   >> SUBFRAME
	M
	
	9.2.xx
	Subframe relevant for this allocation



	   >> FIRST PRB
	M
	
	9.2.xx
	First PRB used in this allocation

	   >> LAST PRB
	M
	
	9.2.xx
	Last PRB used in this allocation

	   >> TX POWER
	M
	
	9.2.xx
	

	   >> UE POSITION
	O
	
	9.2.xx
	

	>>Target Cell ID
	 M
	
	ECGI

9.2.14
	Id of the cell for which the RU_Start is meant


9.2.yy RU-Release
This IE is suitable for the exchange of scheduling information. The IE shall be sent out after the eNB has ceased to use the indicated resources.

RU_RELEASE 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	RU_RELEASE 
	
	
	
	

	>Cell Information Item
	
	1 .. <maxCellineNB>
	
	

	>>Cell ID
	M
	
	ECGI

9.2.14
	Id of the source cell

	   >> SUBFRAME
	M
	
	9.2.xx
	Subframe relevant for this allocation



	   >> FIRST PRB
	M
	
	9.2.xx
	First PRB used in this allocation

	   >> LAST PRB
	M
	
	9.2.xx
	Last PRB used in this allocation

	>>Target Cell ID
	 M
	
	ECGI

9.2.14
	Id of the cell for which the RU-Release is meant


RU-NACK information
This IE is suitable for providing feedback on harmful usage of the resources. The IE shall be sent out immediately after receiving the RU Start List IE. The resources included in the list may contain a lower power proposal for usage by the eNB sending the RU Start List IE.

RU_NACK 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	RU_NACK 
	
	
	
	

	>Cell Information Item
	
	1 .. <maxCellineNB>
	
	

	>>Cell ID
	M
	
	ECGI

9.2.14
	Id of the source cell

	> SUBFRAME
	M
	
	9.2.xx
	Subframe relevant for this allocation



	> FIRST PRB
	M
	
	9.2.xx
	First PRB used in this allocation

	> LAST PRB
	M
	
	9.2.xx
	Last PRB used in this allocation

	> POWER
	O
	
	9.2.xx
	Acceptable Tx power which enable the use of the resource

	>>Target Cell ID
	 M
	
	ECGI

9.2.14
	Id of the cell for which the RU-NACK is meant


3. Conclusions

In this contribution are presented the IEs needed to support the distributed collaborative scheduling approach based on the exchange of power scheduling information between the collaborating eNBs. 
An important aspect of this approach is that is not affected by the backhaul delays, as the distributed decision making is rather based on the knowledge of the power and resource utilization and no fast feedback is required.
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