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1
Introduction

In [2] RAN3 received a reply from RAN1 specifying the parameters that may be signalled over X2 for the support of Inter eNB CoMP with non-ideal backhaul. 

In [1] a feasibility study for the assumptions and suggestions made by RAN1 has been carried out and proposals on a framework for interpretation of the signalling information suggested by RAN1 have been made.

Based on the proposals made in [1], this paper presents a solution for Inter eNB CoMP for LTE in non ideal backhaul.

2
X2 based signalling for Inter eNB CoMP  
As documented in [3] Inter eNB CoMP for LTE in non Ideal Backhaul solutions have been confined to signalling over the X2 interface. The X2 interface is a point to point interface between two eNBs and X2 procedures to be used are peer to peer. 
Therefore, the procedures described in this section will focus on a peer to peer architecture, in line with the X2 interface chosen for eCoMP signalling.

The information involved in the eCoMP signalling solutions proposed herein are derived from existing information exchanged over X2 and information suggested by RAN1 in [2]. Such information is the following:

· CoMP Hypothesis IE: This IE is tightly connected with the Benefit Metric IE. It communicates to an eNB that there could be a hypothetical benefit (indicated by the Benefit Metric IE) for the UEs served by the  sending eNB if DL interference is reduced on certain resources given by an hypothetical resource allocation
· Benefit Metric IE: This IE is an indication of the hypothetical benefits that the sending eNB’s UEs would gain if the receiving eNB adopted the resource allocation policy suggested in the CoMP Hypothesis IE
· List of RSRP measurements IE: The RSRP measurements can be used to infer the interference and channel conditions of UEs in need of interference-protected resources. Namely, RSRP measurements can be provided for UEs monitoring different cells such as serving and neighbour cells. Comparing signal strengths of such monitored cells provides an understanding of the UE’s interference and channel conditions.
· RNTP IE: as described in TS36.423 “This IE provides an indication on DL power restriction per PRB in a cell and other information needed by a neighbour eNB for interference aware scheduling”
In an X2 based peer to peer architecture the X2 Load Indication procedure can be used to transport the information listed above. It was in fact explained in [1] that existing features, aimed at coordinating reduction of UL/DL interference, already adopt the X2 Load Indication procedure. 

As part of describing a solution based on X2 and on the information described above, an example of how the information can be exchanged between eNBs is provided in Figure 1.
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Figure 1: Example of X2 based solution for eCoMP

In the example of Figure 1 the following steps can be described:

0) eNBs belonging to an eCoMP cluster are configured with neighbouring eNBs in the same cluster. 

1) For each eNB1- eNB2 pair in an eCoMP cluster, eNB1 sends an X2:LOAD INDICATION message to eNB2 including CoMP Hypothesis IE, Benefit Metric IE and possibly RSRP IE. The CoMP Hypothesis IE indicates the DL interference protected resources requested by eNB1. The Benefit Metric IE indicates the hypothetical benefit eNB1 would receive if such resources were interference protected. The RSRP Measurements List IE indicates the RSRP measurement on cells detected by UEs in need of interference protection: such measurements provide an indication of the power reduction to be performed by receiving eNB on the resources indicated in the CoMP Hypothesis IE and of the interference received by affected UEs.
2) For each eNB1- eNB2 pair of eNBs in an eCoMP cluster, eNB2 sends an X2:LOAD INDICATION message to eNB1 with an RNTP IE indicating the resource allocation followed by eNB2. The RNTP Threshold  IE may be chosen for eCoMP purposes, e.g. derived from RSRP Measurements List IE and Benefit Metric IE received
3) If an eNB in an eCoMP cluster realises that RSRP measurements of served UEs have changed and that an update of such measurements towards other eNBs in the cluster is opportune, a new X2:LOAD INDICATION message containing an update of the RSRP Measurements List IE is sent
4) If an eNB in an eCoMP cluster realises there is the need of changes to the resources indicated in the CoMP Hypothesis IE and Benefit Metric IE, or to the resource allocation policy indicated by the RNTP IE, such changes can be signalled with new X2: LOADINDICATION messages
The example of signalling messages shown in Figure 1 respects the peer to peer nature of the X2 interface and allows eNBs involved in an eCoMP cluster to converge towards a commonly shared resource allocation scheme enabling interference mitigation on certain resources.
From the example above the following conclusion can be drawn.

Conclusion 1: A signalling solution reusing the X2: LOAD INFORMATION message allows the eCoMP function to converge to a commonly shared resource allocation policy and respects the peer to peer nature of the X2 interface

The solution proposed in Figure 1 would carry a relatively small impact on the standard as it would add information to a single procedure, i.e. the Load Indication procedure. Besides, the Load Indication procedure is already used to signal information aimed at resource coordination for interference mitigation purposes, therefore the changes would be in line with current specification principles. Moreover, the reported gains shown in TR 36.874 are small, which does not motivate changes with large impact on the standard.  
As an example, the following figure shows the changes to be made in the LOAD INFORMATION message.

LOAD INFORMATION

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

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Cell Information
	M
	
	
	
	YES
	ignore

	>Cell Information Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	Id of the source cell
	–
	–

	>>UL Interference Overload Indication
	O
	
	9.2.17
	
	–
	–

	>>UL High Interference Information
	
	0 .. <maxCellineNB>
	
	
	–
	–

	>>>Target Cell ID
	 M
	
	ECGI

9.2.14
	Id of the cell for which the HII is meant
	–
	–

	>>>UL High Interference Indication
	M
	
	9.2.18
	
	–
	–

	>>Relative Narrowband Tx Power (RNTP)
	O
	
	9.2.19
	
	–
	–

	>>ABS Information
	O
	
	9.2.54
	
	YES
	ignore

	>>Invoke Indication
	O
	
	9.2.55
	
	YES
	ignore

	>>Inter eNB Coordination Info
	O
	
	-
	Used for Inter eNB CoMP Coordination
	YES
	ignore


Tabular for Inter eNB Coordination Info IE
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	CoMP Hypothesis
	M
	
	
	Estimated resources for Inter eNB CoMP coordination 
	YES
	ignore

	Benefit Metric
	M
	
	
	Estimated benefit assuming Inter eNB CoMP coordination is achieved
	YES
	ignore

	RSRP Measurements List
	
	0 .. <maxRSRPMeasurements>
	
	
	YES
	ignore

	>Cell ID
	M
	
	ECGI

9.2.14
	ECGI of the cell measured by the UE
	
	

	>RSRP Measurement
	M
	
	
	RSRP value measured by the UE for the ECGI indicated
	
	


Figure 2: Example of new IEs to be added to the LOAD INFORMATION message 
It should be clarified that RSRP measurements are provided in order to indicate detected cell’s signal levels measured by UEs served by a given cell. It appears that explicit UE identity indicators are not needed for such purpose.

It has to be added that the Inter eNB CoMP solution is very signalling intensive, as already pointed out in [4]. Therefore, an appropriate solution should attempt to reduce as much as possible signalling, in order to avoid the bottleneck issues over the X2 backhaul highlighted in [4]. The use of the Load Indication procedure allows to minimise signalling as much as possible, given the absence of response messages and given the triggering of the information exchange only when the sending eNB determines that updates to previous information are needed.
Conclusion 2: A solution based on reusing the Load Indication procedure has minimum impacts on specifications and signalling loads and it respects the Load Indication procedure design principle, i.e. to allow resource allocation coordination for interference mitigation purposes
3
Conclusions  

In this paper it is shown how a signalling solution for Inter eNB CoMP for LTE in non Ideal Backhaul can be achieved by means of X2 signalling.
Building on the similarity explained in [1] between eCoMP and other interference mitigation functions supported via X2 signalling, the paper explains that the X2 Load Indication procedure can be reused to signal the information suggested by RAN1 for Inter eNB CoMP.
The paper showed how the approach of reusing the X2 Load Indication procedure carries a reduced amount of impact on specifications and it is in line with the design principles of the X2 interface.

The following conclusions are drawn:

Conclusion 1: A signalling solution reusing the X2: LOAD INFORMATION message allows the eCoMP function to converge to a commonly shared resource allocation policy and respects the peer to peer nature of the X2 interface

Conclusion 2: A solution based on reusing the Load Indication procedure has minimum impacts on specifications and signalling loads and it respects the Load Indication procedure design principle, i.e. to allow resource allocation coordination for interference mitigation purposes
It is proposed to agree to the following:
Proposal: It is proposed to agree to the signalling solution outlined in Section 2 and to reuse a Class 2 procedure such as the X2 Load Indication to support information exchange for Inter eNB CoMP with non Ideal Backhaul

In the Annex below it is outlined how the proposal described in section 2 could be reused in an implementation that foresees centralised coordination.
4
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5
Annex A

It was already explained that a decision was made in [3] to support X2 based signalling architectures for eCoMP. X2 is a peer to peer, point to point interface, which is natively conducive for standardisation of distributed functions.
Nevertheless, it could be possible to follow implementations that foresee a centralised coordination still based on the X2 interface. 

It is important to highlight that such implementations would not respect the peer to peer and point to point nature of the X2.

In this annex it is explained how the solution proposed in Section 2 can be adapted to a centralised implementation scheme.

Let’s assume that one of the eNBs in Figure 1 is a coordination eNB connected to other eNBs via the X2 interface. Figure 3 shows how the signalling procedures proposed in Section 2 can adapt to such central coordination scheme.
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Figure3: Example of X2 based signalling in a centralised implementation scheme

The following steps are involved in the example of Figure 3:

0) eNBs belonging to an eCoMP cluster are configured with Coordination eNB information for the cluster. 

1) eNB1and eNB2 send an X2:LOAD INDICATION message to Coordination eNB including CoMP Hypothesis IE, Benefit Metric IE and RSRP IE. The CoMP Hypothesis IEs indicate the hypothetical resources eNB1and eNB2 would like to be DL interference protected. The Benefit Metric IEs indicates the hypothetical benefit eNB1and eNB2 would receive if such resources were interference protected. The RSRP IEs are optionally added and they indicate the RSRP measurements on cells detected by UEs in need of interference protection: such measurements provide an indication of the interference received by affected UEs.

2) Coordination eNB sends an X2:LOAD INDICATION message to each eNB in the cluster, indicating the CoMP Hypothesis each eNB should follow (i.e. the hypothetical resources the coordination eNB would like to be DL interference protected) associated with a Benefit Metric. The Benefit Metric sent by the Coordination eNB represents the benefit in the Coordination eNB (i.e. the eCoMP cluster) when following the resource allocation suggested.
3) In order to indicate and modify the hypothetical resource allocation scheme of eNBs in the eCoMP cluster eNBs send an X2:LOAD INFORMATION message with the RNTP IE to the Coordination eNB. This indicates the resource allocation followed by each eNB. 
4) If an eNB in an eCoMP cluster realises that RSRP measurements of served UEs have changed and that an update of such measurements towards the Coordination eNB or other eNBs in the cluster is opportune, a new X2:LOAD INDICATION message containing an update of the RSRP Measurements List IE is sent

5) If an eNB in an eCoMP cluster realises there is the need of changes to the resources indicated in the CoMP Hypothesis IE and Benefit Metric IE, such changes can be signalled to the Coordination eNB with a new X2: LOADINDICATION messages
In the procedures described above it can be seen how an implementation may use the eCoMP information signalled via the X2:LOAD INFORMATION procedure in a centralised manner. In such scheme the Coordination eNB would be able to coordinate assignment of muted resources and eventually to also coordinate maximum transmission power in muted resources. 

It can be therefore concluded that a signalling architecture for Inter eNB CoMP based on a Class-2 X2 procedure can also support implementation specific centralised schemes.
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