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1
Introduction

During RAN3#85 a discussion on how to encode the CoMP Hypothesis IE was carried out. During these discussions two approaches were presented, one described in [1] and the other provided in [2]. In this paper the encoding of the CoMP Hypothesis is analysed also considering agreements and discussions taken in other working groups.
A proposal on how to encode such IE is provided as part of the Inter eNB CoMP baseline CR to TS36.423.
2
Analysis of CoMP Hypothesis Encoding Methods
The two structures proposed so far for the encoding of the CoMP Hypothesis IE follow the schemes below.
From [1] the following structure can be deduced:

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

	CoMP Hypothesis Set Element
	
	1..<maxnoofCoMPCells>
	
	

	>Cell ID
	M
	
	ECGI

9.2.14
	ID of the cell for which the CoMP Hypothesis IE is applied.

	>CoMP Hypothesis
	M
	
	BIT STRING (6..2200, ...)
	The first 
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 bits correspond to the PRBs in the first subframe from which the CoMP Information IE is valid; the next 
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 bits for the second subframe; and so on.
The maximum length of the bit string is 20*
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 is defined in TS 36.211 [10].
Value “1” indicates interference protected resource and value “0” indicates resource with no utilization constraints.


Figure1: CoMP Hypothesis encoded as bit string

In the encoding shown in Figure 1 the CoMP Hypothesis IE follows a simple encoding scheme, which represents it as a bit string. Each element of the bit string represents a resource block. The RBs represented in the bit string span across subsequent subframes. If an RB is represented in the bit string with value “1”, this would indicate to the receiving node that the RB should be protected from interference. The interpretation of values “1” and “0” in the CoMP Hypothesis IE of Figure 1 follows the already adopted semantics description used in the ABS Pattern Info, where values of the bitmap structure are described as follows:

	>>ABS Pattern Info
	M
	
	BIT STRING (SIZE(40))
	Each position in the bitmap represents a DL subframe, for which value "1" indicates ‘ABS’ and value "0" indicates ’non ABS’.

The first position of the ABS pattern corresponds to subframe 0 in a radio frame where SFN = 0. The ABS pattern is continuously repeated in all radio frames.

The maximum number of subframes is 40.


And where ABS has been defined as follows (Section 9.2.54 of TS36.423):

“Almost blank subframes are subframes with reduced power on some physical channels and/or reduced activity.”

Hence there should not be any ambiguity in following the semantics description adopted for ABS also in the case of CoMP.
Observation 1: A semantics description for the ABS Pattern Info IE was agreed in RAN3 and has therefore proven to be unambiguous. A similar semantic description can be adopted for the CoMP Hypothesis IE

It should be pointed out that multiple CoMP Hypothesis IEs can be signalled, each with a different set of RBs indicated as “protected from interference”. To each of these CoMP Hypothesis IEs a Benefit Metric IE shall be associated, which allows to express the importance (i.e. the level of interference protection) to the sending node of reducing interference on certain RBs.
As an example, let us consider the following CoMP Hypothesis and Benefit Metric combination:

CoMPHypothesis1:

	RB#1
	RB#2
	RB#3
	RB#4
	…
	RB#N

	0
	1
	1
	0
	…
	0


BenefitMetric1 == “90”
If an understanding wants to be provided regarding which RB is more relevant in terms of interference protection, the formulation achieved with CoMPHypothesis1 and BenefitMetric1 can be enriched with the following formulations, that can be added to the same X2: LOAD INFORMATION message
CoMPHypothesis2:

	RB#1
	RB#2
	RB#3
	RB#4
	…
	RB#N

	0
	0
	1
	0
	…
	0


BenefitMetric2 == “70”

CoMPHypothesis3:

	RB#1
	RB#2
	RB#3
	RB#4
	…
	RB#N

	0
	1
	0
	0
	…
	0


BenefitMetric3 == “20”

CoMPHypothesis2 and CoMPHypothesis3 allow the receiver to understand that providing interference protection on RB#3 provides a much higher benefit than for RB#2. The receiver can therefore reduce transmission power on RB#2 and RB#3 according to the indications provided.

From the above it can also be appreciated how the Benefit Metric IE can achieve the same time/frequency granularity of the CoMP Hypothesis because the CoMP Hypothesis IE and Benefit Metric IE can be tailored on a per RB basis across different sunframes.
Observation 2: Encoding of the CoMP Hypothesis as a bit string allows the Benefit Metric IE to maintain the same time/frequency granularity of the CoMP Hypothesis IE
The alternative structure proposed for encoding of the CoMP Hypothesis is the one reported in [2] and shown below.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CoMP Hypothesis Set Element
	
	1..<maxnoofCoMPCells>
	
	

	>Cell ID
	M
	
	ECGI

9.2.14
	ID of the cell for which the CoMP Hypothesis IE is applied.

	>Subframe
	
	1..<maxnoofSubframes>
	
	

	>>CoMP Hypothesis
	M
	
	BIT STRING (6..110, …)
	Each position in the bitmap represents a PRB (i.e. first bit=PRB 0 and so on), for which the value '0' indicates TX power not exceeding the Threshold, and the value '1' indicates no restriction.

	>>Threshold
	M
	
	ENUMERATED (-∞, -11, -9, -7, -5, -3, -1, …)
	Subset of RNTPthreshold defined in TS 36.213 [11]


Figure 2: CoMP Hypothesis encoded as list of lists with addition of per subframe thresholds
The structure shown in Figure 2 is more complex than the one in Figure 1 as it entails encoding the CoMP Hypothesis IE as a list of lists. In this structure the sending eNB is able to signal an hypothetical resource allocation to the receiving eNB but at the same time the sending eNB is able to set maximum transmission power thresholds for each subframe, which the receiving eNB should respect.

It is worth pointing out that, given the higher complexity of the structure in Figure 2, exploding the structure in Figure 1 to the one in Figure 2 is only worth if it can be assessed and agreed that additional per subframe information needs to be provided, namely per subframe transmission power thresholds. 
Observation 3: Exploding the CoMP Hypothesis structure to a list of lists, where each sub-list corresponds to a subframe, can only be justified if it is assessed that per-subframe transmission power thresholds are needed
3
On the Appropriateness of per Subframe Thresholds in CoMP Hypothesis
The question that needs to be answered from the description in Section 2 is whether any per-subframe additional information is needed as part of the CoMP Hypothesis IE.

The justification for the structure proposed in [2] is that it would be advantageous to provide maximum transmission power thresholds per subframe so that the receiving eNB can follow such indication. However, when considering the case of two eNBs cooperating in CoMP, it is questionable whether a peer eNB would be able to take a robust decision about the maximum transmission power threshold another peer eNB should follow. Some of the reasons for which such thresholds cannot be reliably selected by the sending eNB are listed below:

· An eNB is not able to estimate the exact amount of interference generated by a neighbour cell. In fact, measurements providing an estimate of interference are wideband and therefore taking into account signals from all neighbouring cells
· An eNB has no knowledge of the UE distribution and UE radio conditions of neighbouring cells. Hence it is not possible to understand if e.g. interference is caused by a high number of UEs concentrated at cell centre or by a single UE at cell edge. The latter has implication on the transmission power used by the interfering node.

· An eNB does not have enough information concerning the load condition and status of the neighbouring eNB. For example, the neighbour eNB may be receiving large numbers of offloaded UEs from other congested cells in order to avoid failures due to capacity limitations. Such UEs are likely to be at cell edge. The latter has implications on the transmission power used by the interfering node.
Observation 4: It is not possible for an eNB to determine in a reliable way a maximum transmission power threshold per subframe that shall be adopted by a neighbour eNB’s cell and that shall maximise the neighbour eNB’s performance while ensuring interference protection on coordinated resources

Besides the reasons above, explaining that it is not reliable for an eNB to determine a maximum transmission power threshold for a neighbour eNB and to request such neighbour eNB compliance to such threshold, it has to also be taken into account that an eNB may receive different requests on maximum transmission power thresholds from different eNBs. 

If the receiving eNB had to respect all such requests, it would have to adopt the minimum threshold out of all those requested. This would have a major impact on the eNB performance. Given the unreliability of the signalled thresholds, which are likely to over-restrict transmission power, such mechanism would cause an under-utilisation of resources in the CoMP cluster.

Observation 5: An eNB will receive maximum transmission power thresholds from many peer eNBs. If requests from peer eNBs had to be followed the method would cause underutilisation of resources within the CoMP cluster.

 It is in general not in line with the LTE peer to peer architecture established between eNBs to allow an eNB to control power management in another eNB. An eNB should be left free to manage its own power according to its own load, UE distribution and UE radio conditions. 

It may be argued that an eNB receiving the maximum transmission power indication may be free to ignore the suggestion and use the transmission power it believes most appropriate. However, given the high likelihood of a wrong threshold calculation, it is very likely that the eNB would have to always overwrite the requested power threshold with a more appropriate value. Therefore, it seems that the complexity added by this method is not justified.

Observation 6: Even if an eNB may be able to ignore the suggested maximum transmission power thresholds, the likelihood that such thresholds are unreliable would deny any benefit and not justify the complexity of the CoMP Hypothesis Threshold based solution.  
In contrast, following an eCoMP IE structure as in Figure 1 allows an eNB to gain an accurate understanding of the resources for which interference protection is of higher importance to the sending eNB. On the basis of this the eNB can reduce transmission power on selected resources taking into account active UEs, UEs geometries, traffic load and distribution etc. 
Observation 7: By following a bitstring CoMP Hypothesis structure it is possible to maintain simplicity while providing to a neighbouring eNB accurate information about the interference protection level for each RB. The eNB can reduce transmission power accordingly, taking into account its own UE and load conditions.  
4
RAN1 Discussions on CoMP Hypothesis Thresholds
Proposals on adding power thresholds to the CoMP Hypothesis IE have been already discussed in RAN1. 
In [3] the possibility of adding power thresholds to the CoMP Hypothesis was presented as follows:

· Proposal 10: The granularity of CoMP RA Hypothesis is per PRB and per subframe with at least two transmission power thresholds. 

Also, the same proposal was made in [4], where it was formulated as follows:

Proposal 1:  A CoMP hypothesis signalling is supported, which carries the information of power allocations (including muting) for cells, identified by cell ID.
Nevertheless, the proposals were discussed in RAN1 and the contributions were noted with no agreements in favour of such proposals.

Moreover, there was no indication from RAN1 that power thresholds are needed nor whether they provide any benefits to the overall solution. 

Therefore it can be concluded that the proposals were treated in RAN1 and noted without a positive conclusion towards them. RAN3 should not bypass such decisions given that it is not possible for RAN3 to evaluate the benefits of these solutions and therefore it is not possible to justify its costs.

Observation 8: Proposals to add transmission power thresholds to the CoMP Hypothesis IE were already discussed in RAN1. The proposals were noted without a positive agreement towards them. RAN3 shall not bypass such decision and attempt to re-instate such proposals
4
Conclusions  

In this paper an analysis of the two different ways to encode the CoMP Hypothesis IE was carried out. It was explained that the cost of defining a more complex structure for the CoMP Hypothesis IE can only be justified if it is concluded that there is the need to add per-subframes transmission power thresholds. 
The paper explains that signalling of transmission power thresholds from a peer eNB to another peer eNB is not feasible and that it is highly subject to inaccuracy and erroneous power setting recommendations, which will lead to underutilisation of resources in the CoMP coordination area.

The paper also explains that an accurate understanding on the level of interference protection required by an eNB on each RB can be achieved by following a bit string encoding structure, which also represents the simplest structure form.
Finally, the paper explains that proposals on addition of transmission power thresholds tpo the CoMP Hypothesis IE were already discussed in RAN1, where they were noted and excluded from the final agreements and way forward on Inter eNB CoMP.

The above points are presented in the observations below:

Observation 1: A semantics description for the ABS Pattern Info IE was agreed in RAN3 and has therefore proven to be unambiguous. A similar semantic description can be adopted for the CoMP Hypothesis IE

Observation 2: Encoding of the CoMP Hypothesis as a bit string allows the Benefit Metric IE to maintain the same time/frequency granularity of the CoMP Hypothesis IE

Observation 3: Exploding the CoMP Hypothesis structure to a list of lists, where each sub-list corresponds to a subframe, can only be justified if it is assessed that per-subframe transmission power thresholds are needed
Observation 4: It is not possible for an eNB to determine in a reliable way a maximum transmission power threshold per subframe that shall be adopted by a neighbour eNB’s cell and that shall maximise the neighbour eNB’s performance while ensuring interference protection on coordinated resources

Observation 5: An eNB will receive maximum transmission power thresholds from many peer eNBs. If requests from peer eNBs had to be followed the method would cause underutilisation of resources within the CoMP cluster.

Observation 6: Even if an eNB may be able to ignore the suggested maximum transmission power thresholds, the likelihood that such thresholds are unreliable would deny any benefit and not justify the complexity of the CoMP Hypothesis Threshold based solution.  

Observation 7: By following a bitstring CoMP Hypothesis structure it is possible to maintain simplicity while providing to a neighbouring eNB accurate information about the interference protection level for each RB. The eNB can reduce transmission power accordingly, taking into account its own UE and load conditions.  
Observation 8: Proposals to add transmission power thresholds to the CoMP Hypothesis IE were already discussed in RAN1. The proposals were noted without a positive agreement towards them. RAN3 shall not bypass such decision and attempt to re-instate such proposals
In light of the above observation the following is proposed:
Proposal: It is proposed to adopt a BIT STRING structure for the CoMP Hypothesis and to move discussions on per-subframe transmission power thresholds to RAN1, where they were already tackled
A CR to the baseline Stage 3 CR in [5] is presented for agreement in [6]
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