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1 Introduction 

Intercell interference coordination (ICIC) is an important radio resource management (RRM) technique for E-UTRAN as described in Chapter 16 of [1]. While the L1 algorithmic aspects and associated performance evaluation of the ICIC mechanisms that E-UTRAN needs to support are in the scope of RAN WG1, the required X2 support needs to be decided by RAN WG3. Specifically, the currently agreed and proposed ICIC mechanisms in RAN WG1 include the following (respectively):
· Overload Indication (OI): OI allows an eNB to indicate to its neighbour(s) that a certain resource block suffers from too high intercell interference.

· Traffic Load Indication (TLI): allows an eNB to indicate to its neighbour(s) that (a) certain resource block/s will be taken into use with some probability.
In this contribution we briefly review the OI and TLI based ICIC mechanisms – as currently discussed in RAN WG1 – and propose X2 application protocols that are needed by these mechanisms.
2 Overload Indication (OI) and Traffic Load Indication (TLI) to Support Intercell Interference Coordination
Several previous contributions to RAN WG1 indicate that ICIC provides overall and cell edge throughput gains when it is employed on the appropriate time scale [2]-[7]. Basically, these proposed various ICIC mechanisms reduce the probability for “resource block (RB) collisions” between neighbour cells ([7]) and/or reduce the power on resource blocks that cause too high interference to neighbours ([2], [3], [4], [6]). The current agreement in RAN WG1 regarding the use of the OI and its relationship to UL intercell power control is captured in [8]:
· Cell wide overload indicator (OI) exchanged over X2 on a slow basis

· according to RAN3 LS [R1-071804 (R3-070702)], expected average delay is in the order or 20ms

· FFS: Number of bits in the OI 

· Neighboring eNB can control individual UEs served by that eNB through its scheduler based on OI and available knowledge (e.g. pathloss obtained from normal handover measurements)
Furthermore, [11] says:

A cell wide overload indicator (OI) is exchanged over X2 for inter-cell power control.
In [7] it has been shown by simulations that for the uplink it is beneficial when neighbour eNBs use a cell specific ordered list of resource blocks such that inter-cell RB collisions are avoided, especially between UEs in the exterior area of the neighbouring cells. This type of intercell collision avoidance can be achieved without and with TLI. However, we expect that when the traffic load is unbalanced between cells and the corresponding number of used (scheduled) resource blocks is different in different cells (which is the typical case in realistic systems), TLI information is needed for this type of mechanism to work efficiently. The exact definition of the TLI is still under discussion in RAN1, but the TLI can be interpreted as a combined measure of the probability that a resource block will be used by the eNB and the expected level of caused interference to neighbours when using that resource block. Since TLI information exchange is only necessary when the relative traffic load situation changes between the cells, we expect that the time scale for TLI exchange should be similar to that of the OI. Furthermore, we expect that the number of bits for this purpose will be around 2-6 bits per resource block [7]. In the frequency domain, the number of resource blocks, NRB, in uplink can range from NRB-min = 6 to NRB-max = 110 according to [1].
Traffic load indication is an efficient complement to the already agreed overload indicator, since it reduces the probability for excessive intercell interference. In fact it reduces the likelihood of (or eliminates) the usage of the OI. The traffic load indicator may indicate a high or low probability that the resource block will be used prior to an eNB sending overload indication. It is more informative if several bits per resource block can be used to indicate the probability. For example, 00 to indicate that it will not be used, 01 to indicate low probability, 10 to indicate medium probability, 11 to indicate high probability. As detailed in [7], (in broad terms) the receiving eNB may try to primarily use a resource block that the neighbouring eNBs will not use. 
3 Proposed X2 AP Procedure to Support OI and TLI Based ICIC

From an X2 procedural point of view, the key aspects of OI/TLI are the time scale and the number of required bits. Regarding the time scale, based on the current RAN1 working assumption, it is reasonable to expect that both the OI and the TLI should be exchanged in the order of several 10s or 100s of milliseconds. Regarding the number of bits, based on the current RAN1 working assumption, both the OI and the TLI can be expected to be specified for each resource block. This is reasonable since both power control and scheduling operate on resource block granularity and so the corresponding intercell information should be on the same level.
Another important aspect of the X2 procedure design is whether OI and TLI should be regarded as a single X2 AP Procedure or two different procedures. Since both types of load indications should work with a similar time and frequency domain granularity and essentially serve the same purpose (intercell interference coordination), we propose to define a single X2 AP Procedure called Load indication using the LOAD INFORMATION message as illustrated below.
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The LOAD INFORMATION message can carry overload as well as traffic load indication. An eNB should send traffic load information when its load situation changes such that the number of resource blocks that it needs to use changes by some threshold (that is for further study). Similarly, the Load indication procedure can be used to send overload indication when the eNB experiences too high interference level on some resource blocks. It also seems reasonable that when an eNB sends LOAD INFORMATION to its neighbours due to an overload situation, it should also send traffic load information in order to help the scheduler at the neighbouring eNBs to select resource blocks that do not cause interference to its neighbours. A further aspect that we also propose for further study is whether the Target eNB should respond with a LOAD INFORMATION that carries traffic load information after receiving an overload indication. These aspects are also relevant for discussions in RAN WG1.
4 Conclusion
In this contribution we briefly reviewed two ICIC mechanisms one that are currently agreed as a working assumption (Overload Indication) and one under discussion (Traffic Load Indication) within RAN WG1. Based on this discussion, we proposed that corresponding X2 AP Procedure is defined by RAN WG3. We propose to introduce this new procedure (with the identified FFS items) in 36.423.
5 Text proposal to 36.423
8
X2AP Procedures

8.1
Elementary Procedures

8.x

Load indication
8.x.1
General

The purpose of the Load indication procedure is to transfer the uplink Overload indicator and Traffic load indicator between intra-frequency neighboring eNodeBs for interference cancellation purpose.
8.x.2
Successful Operation
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Figure 8.x.1: Load Indication 
A eNodeB initiates the procedure by sending LOAD INFORMATION message to intra-frequency neighbouring eNodeBs. The LOAD INFORMATION message can carry overload as well as traffic load indication. An eNB should send traffic load information when its load situation changes such that the number of resource blocks that it needs to use changes by some threshold, this triggering mechanism is FFS. Similarly, the ICIC procedure shall be used to send overload indication when the eNB experiences too high interference level on some resource blocks.
8.x.2
Abnormal Conditions
9
Elements for X2AP Communication

Editors Note: Section 9 included as placeholder. Detailed work can not start until we have clear definitions of the procedures.
9.1
Message Functional Definition and Content

Editors Note: Details on the Connection Management Identifiers is FFS. When general principles and consistency with S1AP has been decided all X2AP procedures will need to be revised.
9.1.x
LOAD INFORMATION

This message is sent by a eNodeB to neighbouring eNodeBs to transfer the Overload indication and Traffic load indication.

Direction: eNodeB ( eNodeB.

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

	Message Type
	M
	
	
	
	YES
	reject

	Cell Information
	
	1..<maxCellineNB>
	
	
	EACH
	ignore

	>Cell ID
	M
	
	
	
	-
	

	>Overload Indication
	O
	
	
	Intercell interference indicator for each resource block
	-
	

	>Traffic Load Indication
	O
	
	
	Usage probability of each resource block 
	-
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