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1
Introduction

A way forward was agreed during RAN3#84 concerning signalling solutions for Inter eNB CoMP [3]. This way forward is based on two baseline CRs for stage 2 [2] and Stage 3 [1]. 

Open issues that need to be addressed for completion of the Inter eNB CoMP solution discussed in RAN3#84 have been highlighted as FFS in the baseline CRs.

This paper proposes methods to resolve such remaining open issues.   

2
Inter eNB CoMP Stage 2 Description
In [2] a baseline stage 2 CR was agreed, where two open issues are left to be resolved.

The first open issue regards the following sentence:

“The receiving eNB of the CoMP hypotheses and the benefit metrics may take them into account for RRM and may trigger further signalling FFS.”

It shall be noted that the procedure selected by RAN3 for signalling of CoMP Hypothesis  and Benefit Metric IEs is the Load Indication, which consist of a class 2 message. 

It is well known that there is no mandated signalling following a class 2 message. Obviously, a node receiving a class 2 message such as the LOAD INFORMATION may decide to trigger in turn a new LOAD INFORMATION message towards the peer eNB. However, this action depends on the eNB implementation and shall not be interpreted as a mandatory response. Namely, such action depends on the specific circumstances and evaluation performed by the eNB.
Therefore, it is not necessary to state whether any signalling is triggered after reception of the CoMP Hypothesis and Benefit Metric in the LOAD INFORMATION message, as this is an obvious possibility for a node receiving a class 2 message. It is proposed to modify the sentence under discussion as follows:

“The receiving eNB of the CoMP hypotheses and the benefit metrics may take them into account for RRM and may trigger further signalling FFS.”

The second open issue in [2] concerns the use and interpretation of RSRP measurements exchanged via the Resource Status Update procedure, as per following sentence :

“RSRP measurement reports can also be exploited for inter-eNB CoMP. For example, the RSRP measurement reports can be used to determine and/or validate CoMP hypotheses and benefit metrics. [Further explanation on the RSRP measurement reports of UEs: FFS]”

RSRP measurements could be used in several different ways to help formulating more accurate CoMP Hypothesis and Benefit Metrics. For example, RSRP measurements could be used to normalise Benefit Metrics from different eNB implementations. Namely, if eNBs calculate Benefit Metrics in a different way, RSRP measurements could be used to normalise Benefit Metrics values to a common scale. 
Similarly, RSRP measurements could be used to deduce the need of interference protected resources for an eNB. Namley, high RSRP values of neighbour cells may provide indications on the strongest interferers and therefore convey the level of need for such interfering cells to reduce transmission power.
Nevertheless, possible uses of RSRP measurements should be left to implementation and therefore it seems inappropriate to state any specific use of such information, given that each implementation may use it for different reasons.
It is proposed to modify the sentence in question as follows:

“RSRP measurement reports can also be exploited for inter-eNB CoMP. For example, the RSRP measurement reports can be used to determine and/or validate CoMP hypotheses and benefit metrics. [Further explanation on the RSRP measurement reports of UEs: FFS]”

Proposal1: it is proposed to modify the Stage 2 baseline CR in [2] as per corrections in Section 2.

3
Inter eNB CoMP Stage 3 Description

In the baseline CR agreed in [1] a number of open issues were left unsolved.
These issues can be categorised in these three classes:

- Definition of the CoMP Hypothesis Set and CoMP Hypothesis IE

- Definition of the Benefit Metric IE

- Definition of reporting mode for RSRP measurements

3.1
CoMP Hypothesis Definition

The description of the CoMP Hypothesis information provided in [1] leaves specification on information encoding and timing information open. In particular information structure, time granularity, starting SFN and starting subframe index are mentioned in [1] as FFS.
To solve these open issues it should be pointed out that information contained in the CoMP Hypothesis resembles to a great extend the information carried in an ABS Pattern Info IE. Namely, the ABS Pattern Info IE contains a pattern of subframes out of which some are labelled as almost blank. Similarly, the CoMP Hypothesis contains a pattern of resources out of which some of them are supposed to be used with low transmission power.  

Therefore, it would be consistent with current specifications to define the CoMP Hypothesis IE in a way similar as the ABS Pattern Info IE. The latter can be achieved by defining the CoMP Hypothesis IE as a bit string where each bit indicates a PRB. Values “1” would indicate whether the PRB may be considered for interference mitigation and value “0” whether no utilisation indication applies on the PRB. The CoMP Hypothesis string could span across multiple subsequent subframes. 
Proposal 2: the CoMP Hypothesis can be defined as a bit string where each bit corresponds to a PRB, where value “1” means “interference protected” and value “0”  means “no utilisation constraints” and where the string can cover multiple subsequent subframes  

With the above encoding design in mind another approach similar to what used in ABS can be followed, namely that the eNB receiving the CoMP Hypothesis string can use it in a periodic fashion. Namely, the same string can be reused in circles unless a new string is received in a new LOAD INFORMATION message. The latter is in full accordance with the way information exchanged via the LOAD INFORMATION message is updated. For example, in the case of ABS patterns TS36.423 specifies that 

“The receiving eNB shall consider the value of the ABS Information IE valid until reception of a new LOAD INFORMATION message carrying an update.”

Proposal 3: The CoMP Hypothesis IE can be considered valid until reception of a new LOAD INFORMATION message carrying an update
Following the parallel analogies with the ABS Pattern Info IE, a way to handle the timing issues of the CoMP Hypothesis can be derived. In fact, the semantics of the ABS Pattern Info states the following:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	>>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.


As it can be seen, the ABS Pattern Info has been designed without the need to specify starting SFN or Starting subframe indexes. This is thanks to the assumption that the ABS Pattern Info string starts after the IE is received, at SFN = 0 and subframe 0 of the sending node.
The same principle can be followed for the CoMP Hypothesis IE. 
Namely, considering all proposals above, the CoMP Hypothesis IE could be defined as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	>CoMP Hypothesis
	M
	
	BIT STRING (1.. 1200,…)
	Each position in the bitmap represents an RB, for which value "1" indicates ‘resource block with reduced DL interference’ and value "0" indicates ’resource block with no utilisation constraints’.

The first position of the CoMP Hypothesis pattern corresponds to the first PRB of subframe 0 in a radio frame where SFN = 0. The CoMP Hypothesis pattern is continuously repeated.




Proposal 4: it is proposed to assume that the CoMP Hypothesis string starts after the IE is received, at the first PRB of SFN = 0 and subframe 0 of the sending node
3.2
Benefit Metric Definition

It was discussed during RAN3#84 that the Benefit Metric is an estimation of the benefit provided by the hypothetical resource allocation scheme detailed in the CoMP Hypothesis IE. 
For this reason it was agreed that the CoMP Hypothesis and Benefit Metric shall always be sent together in the same message.
It was also discussed that the Benefit Metric shall be able to represent both a cost or a gain, depending on the cell associated to the CoMP Hypothesis and the CoMP Hypothesis itself. 

It is therefore simple and exhaustive to define the Benefit Metric as an integer, spanning across a negative and a positive number range.

Proposal 5: It is proposed to define the Benefit Metric as an integer with value range delimited by a negative lower bound and a positive upper bound

It was moreover discussed and agreed that the Benefit Metric may take a value that implies “no weight”. For example, it was discussed that there could be cases where the Benefit Metric cannot be computed. For such cases it could be foreseen that the Benefit Metric is assigned a pre-set value, which is understood by the receiving eNB to mean that there is no gain or cost that can be deduced by the Benefit Metric.

Proposal 6: It is proposed to set a specific value, i.e. value ‘0’, of the Benefit Metric value range to signify that there is no gain or cost that can be deduced by the Benefit Metric
Following proposals 5 and 6 above the Benefit Metric IE can be defined as follows:

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

	>Benefit Metric
	M
	
	INTEGER (-100..100,…)
	Value ‘0’ indicates that benefit information cannot be deduced by the Benefit Metric IE


3.3
RSRP Measurements Report Definition

The first issue that should be tackled concerning the RSRP Measurement Report Item IE there is a need to couple the measurements with a UE identifier. Indeed, RSRP measurements collected and signalled via LOAD INFORMATION messages may be associated to UEs not in active mode. Hence active mode UE identifiers such as C-RNTIs seem inappropriate because values assigned to non-active UEs cannot be reused for active UEs. Further, the measurements are not signalled via UE associated procedures, hence IDs such as the X2AP ID are also inappropriate. 

Besides the considerations above, it seems unnecessary to signal any UE identifier at all because the RSRP measurements can be used independently of the UE that collected the measurement. Adding such identifiers would only increase the complexity of the solution, because a new set of UE IDs would need to be defined and managed, without providing any value added to the information already carrier by RSRP measurements.

Proposal 7: It is proposed to send the RSRP Measurement Report Item IE without including in such IE any UE identifiers
With regards to the frequency of RSRP Measurement Report Item reporting, two possible ways can be chosen: periodic and aperiodic.

It is proposed to support periodic reporting. However, it was commented during RAN3#84 that it might be beneficial to stop reporting of RSRP measurements because of their potential high reporting frequency and generated signalling load. The latter is possible by allowing that the ‘stop’ value of the Registration Request IE in RESOURCE STATUS REQUEST message applies only to the fields specified in the Report Characteristics IE, which may be set to RSRP Measurement Report Periodic, and only to the cells listed in the Cell To Report Item IE, which may include only the cells where the RSRP Measurement Report Periodic was initiated. Namely, the following change in the semantics description of the Registration Request IE is needed 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Registration Request
	M
	
	ENUMERATED(start, stop,

…)
	A value set to “stop”, indicates a request to stop cells measurements indicated in the Report Characteristics IE and in the Cell To Report IE list.
	YES
	reject


Proposal 8: It is proposed to allow stopping of RSRP measurement report signalling by means of signalling a RESOURCE STATUS REQUEST with Registration Request = ‘stop’, Report Characteristics pointing at ‘RSRP Measurement Report Periodic’ and Cell To Report Item listing the cells where the reporting shall be stopped
4
Conclusions  

In this paper proposals have been made in order to move forward with the baselibe stage 2 and stage 3 of the Inter eNB CoMP Solution. 

An analogy between the CoMP Hypothesis information and ABS Pattern information was identified and a way to define the CoMP Hypothesis in line with already adopted principles has been identified. Proposals on how to define the Benefit Metric and RSRP measurements, which reflect discussions carried out in RAN3#84 have also been brought forward.

The proposals are summarised below:

Proposal1: it is proposed to modify the Stage 2 baseline CR in [2] as per corrections in Section 2.
Proposal 2: the CoMP Hypothesis can be defined as a bit string where each bit corresponds to a PRB, where value “1” means “interference protected” and value “0”  means “no utilisation constraints” and where the string can cover multiple subsequent subframes  
Proposal 3: The CoMP Hypothesis IE can be considered valid until reception of a new LOAD INFORMATION message carrying an update
Proposal 4: it is proposed to assume that the CoMP Hypothesis string starts after the IE is received, at the first PRB of SFN = 0 and subframe 0 of the semding node
Proposal 5: It is proposed to define the Benefit Metric as an integer with value range delimited by a negative lower bound and a positive upper bound

Proposal 6: It is proposed to set a specific value, i.e. value ‘0’, of the Benefit Metric value range to signify that there is no gain or cost that can be deduced by the Benefit Metric
Proposal 7: It is proposed to send the RSRP Measurement Report Item IE without including in such IE any UE identifiers
Proposal 8: It is proposed to allow stopping of RSRP measurement report signalling by means of signalling a RESOURCE STATUS REQUEST with Registration Request = ‘stop’, Report Characteristics pointing at ‘RSRP Measurement Report Periodic’ and Cell To Report Item listing the cells where the reporting shall be stopped
Baseline CRs capturing the proposals above have been submitted in [4] and [5]. 
It is proposed to agree to these baseline CRs.
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