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1.  Introduction
In RAN3 meeting #73, initial discussion has been held on the new WI for carrier-based HetNet ICIC in LTE [1] and a prioritized list of interference scenarios have been agreed [2], as summarized in Table 1. As can be seen, macro-pico interference for a deployment in which the CA feature is available in the network is the main focus of the WI so far.
	
	operational carriers selection
	Per UE carrier selection for CA

	Macro -pico 
	FFS for pico

NO for macro
	YES for pico

YES for macro

	Macro – SC HeNB (coordinated)
	FFS for HeNB

NO for macro
	N/A for HeNB

NO for macro

	Macro – MC HeNB (coordinated)
	FFS for HeNB

NO for macro
	FFS for HeNB

NO for macro

	Macro – SC HeNB (uncoordinated)
	FFS for HeNB

NO for macro
	N/A for HeNB

NO for macro

	Macro – MC HeNB (uncoordinated)
	FFS for HeNB

NO for macro
	FFS for HeNB

NO for macro


Table-1: Proposed to focus on solutions for following HetNet interference scenarios - priority levels: YES (highest) / FFS (middle) / NO (lowest) [2].

In this contribution we include some further analysis around the highly prioritize interference scenarios and propose a solution based on a large re-use of existing messages in X2-AP.

2.  Analysis and discussion
2.1  Macro-pico deployment in presence of CA
The scenario of interest is depicted in Figure 1 and consists in a heterogeneous network deployment with macro cells and pico cells (open access low power nodes), for which X2 interface interconnection is generally available. On the E-UTRAN side the carrier aggregation (CA) feature is deployed and activated and both CA-capable and non-capable UEs are generally present in the system. 
For simplicity we consider the case of two carriers, though the analysis can be generalized to more carriers and/or to fractional frequency re-use (FFR). Two different setups are significant for the analysis of such heterogeneous network:
A.  Both carriers are configured for full power on the macro cells and on the pico cells, each within the respective power class. In this case it is expected that the interference from macro to pico will be strong for some UEs.
B. To alleviate the macro to pico interference in a portion of the allocated spectrum, on the macro side one carrier (or a portion of a carrier) can be configured with reduced transmit power. For the pico cells both carrier can still be configured at full power as their interference to macro cells is not too high, due to lower transmit power. This way interference management in the frequency domain between macro and pico cells can be enabled.
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Figure-1: Heterogeneous network deployment with multiple-carriers and macro-pico interference scenario.
By looking at perceived radio conditions and user location, we can divide them in three different groups (Figure 2): 

· Users close to a macro cell: these users are receiving a very strong signal from the macro cell and are therefore served by that macro cell. Interference is received from surrounding macro and pico cells, but no pico cell is strong enough to trigger a handover from macro cell to a pico cell.

· Regardless if configuration A or B is used, all these users will be served by the macro, either on one carrier (if UE does not support CA) or aggregating both carriers (if UE supports CA). Either carrier can be Pcell or Scell for a certain close user, and the macro cell seems to have enough knowledge to decide
· Users close to a pico cell: similarly to the macro case, there will also be a group of users that are close enough to the pico cell to be served by the pico without relying on CRE. Interference is received from surrounding macro and pico cells, but no macro cell is strong enough to trigger a handover from pico cell to a macro cell.

· This is equivalent to the close-to-macro case, just on the pico side

· Users at the intermediate region (cell edge): when the users move out of a macro cell and approach a pico cell (or viceversa), a handover will be triggered. In this case, with the use of Cell Range Expansion (CRE) to capture users early on under the pico, there will be a group of users that are going to be served by the pico cells while still far away from it. For these users, ICIC techniques are necessary, either in the time-domain or frequency-domain or in combination. In addition, users at cell edge can also benefit for ICIC techniques being employed.
· In this case there is a difference between configuration A and B, as users in CRE or handing over around CRE region need an appropriate mechanism to counteract interference and properly select Pcell/Scells. In case of configuration A, TDM ICIC shall be used, as ICIC in the frequency domain is not appropriate due to high interference of macro to pico on each carrier. In case of configuration B instead, several options are possible, with TDM ICIC, CA-ICIC or a combination thereof. 
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Figure-2: Users in heterogeneous network: (a) close to macro; (b) close to pico; (c) in intermediate region (e.g. in CRE).
Table 2 summarizes all these cases, contrasting them with the single carrier scenario taken as reference. As can be seen, while for users close to macro or to pico cells, the serving eNB can take an appropriate selection of the Pcell/Scells, for users at cell edge handing over around CRE region (the one mostly requiring interference management) the network may benefit from further information to optimize the selection of the Pcell/Scells. This information can be pre-provisioned via O&M and/or also be assisted by neighbour nodes, so it seems beneficial to study this use case in that regard.
Proposal 1: It is proposed to: (a) study the use case of macro-pico interference with particular reference to the optimization of carrier selection (Pcell/Scell allocation) of users around CRE region when CA-ICIC is used to manage interference and (b) to capture the description and preliminary analysis included here it the TR.   
	UE location 
	UE close to macro 
	UE close to pico 
	Cell edge UE (e.g. around CRE) 

	UE capability 
	CA 
	Non-CA 
	CA 
	Non-CA 
	CA 
	Non-CA 

	Single carrier
	UE is served by the macro in all subframes, Macro = Pcell 
	UE is served by the pico in all subframes, Pico = Pcell 
	UE is served by the pico in ABS subframes only, Pico = Pcell 

	Two carriers 
Macro setup: 
C1 = full power 
C2 = full power
Pico setup: 
full power  
	UE is served by the macro in all subframes
	UE is served by the pico in all subframes 
	UE is served by the pico in ABS subframes only (TDM ICIC used)

	
	CA = yes
C1 = Pcell/Scell
C2 = Scell/Pcell
	CA = no
C1 or C2 = Pcell
	CA = yes
C1 = Pcell/Scell
C2 = Scell/Pcell
	CA = no
C1 or C2 = Pcell
	CA = no
C1 or C2 = Pcell 

	Two carriers 
Macro setup: 
C1 = full power 
C2 = low power 
Pico setup: 
full power  
	UE is served by the macro in all subframes
	UE is served by the pico in all subframes
	UE is served by the pico in all subframes (no ABS, CA-ICIC used)

	
	
	
	CA = yes
C1 = Scell
C2 = Pcell 
	CA = no
C2 = Pcell 

	
	CA = yes
C1 = Pcell/Scell 
C2 = Scell/Pcell 
	CA = no
C1 or C2 = Pcell 
	CA = yes
C1 = Pcell/Scell 
C2 = Scell/Pcell 
	CA = no
C1 or C2 = Pcell 
	UE is served by the pico in ABS subframes only (TDM ICIC used)

	
	
	
	
	
	CA = no
C1 = Pcell 

	
	
	
	
	
	UE is served by the pico in ABS subframes only on Pcell and on all subframes on Scell (TDM/CA ICIC used)

	
	
	
	
	
	CA = yes
C1 = Pcell 
C2 = Scell 
	CA = no
C1 = Pcell 


Table-2: Summary of use cases for macro-pico interference scenario with CA-capable network.
2.2 Available mechanisms for ICIC in the frequency domain
In TS 36.300 [3] and TS 36.423 [4], mechanisms for interference management in the frequency domain have been defined in the standards, with reference to a (macro) homogeneous deployment. In particular, the Load Indication procedure contains information about the transmit power for Physical Resource Blocks (PRB) used for data channels, by means of the Relative Narrowband Transmit Power IE (see [4], section 9.2.19). 
This information is conveyed as a bitmap in which each position represents the usage of the transmit power as relative to a threshold also included in the same message. If a bit in the bitmap is set to “0”, this indicates "Tx not exceeding RNTP threshold" for the corresponding PRB. Alternatively, if a bit in the bitmap is set to “1”, this indicates "no promise on the Tx power is given" for that PRB. 
With the help of this information and an appropriate setting of the RNTP threshold, the macro cell can indicate to the pico cell whether a certain carrier is configured at full power or at reduced power, so that the pico can use this input as assistance information to optimize the carrier allocation for users in CRE, and in turn for all other users it is serving. 
Observation: The RNTP IE included in the Load Information message already provides information that can be used for the scope of assisting carrier selection in a heterogeneous network with CA from other nodes.
Proposal 2: In case inter-eNB assistance is found beneficial, it is proposed to first consider the re-use of the RNTP IE included in the Load Information message for assisting carrier selection in HetNet deployments and to capture this as baseline in the TR. 
2.3 How to reuse existing mechanisms: procedural flow
Figure-3 illustrates how the RNTP bitmap could be re-used for the scope of assisting the carrier selection in HetNet scenario where carrier aggregation is utilized. 

As a UE moves from a macro cell into proximity of a pico cell (or in general a LPN = Low Power Node) and it is handed over to it in CRE region, the LPN can requests protected resources via an Invoke Indication to the macro cell (1). The macro cell then provides via Load Indication the RNTP bitmask of its cells and the corresponding RNTP threshold, for all available carriers (2), so that the LPN can identify what is the best allocation of the Pcell/Scell for the user and can schedule accordingly. Finally, the LPN may include loading status information in the Resource Status Update message to inform the macro of the actual usage of radio resources (3), for further resource adjustments.
Proposal 3a: In case inter-eNB assistance is found beneficial, TDM ICIC procedural approach can be adopted to assist carrier selection in HetNet scenarios.
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Figure-3: Possible procedural flow for re-use of RNTP bitmap top assist carrier selection in CA network.
One possible enhancement to this procedure concerns the RNTP threshold used for the evaluation of the RNTP bitmap. In the current standard an eNB uses a certain value for the RNTP threshold (e.g. statically pre-configured via O&M), which is also propagated to the receiving node, together with the corresponding bitmap. While this seems sufficient in a homogeneous (macro) deployment, it may not be optimal for HetNet scenarios, where nodes of different power class coexist in the same geographical space. In fact, for the LPN to be able to obtain information about a resource carrier being sufficiently protected from interference, the macro cell will have to know what power level the LPN is capable of and use that value (or a function thereof) as RNTP threshold. This enhancement can be easily achieved by letting the LPN suggesting what RNTP threshold it likes to be reported for RNTP bitmap.

Proposal 3b: RAN3 should also discuss the extension of the current RNTP reporting mechanisms by enabling an eNB to indicate to another eNB the RNTP threshold it likes to receive a report about.

3.  Conclusion

In this contribution we analyzed the prioritized interference scenario for the HetNet ICIC WI and identified available mechanisms to assist the carrier selection of users in heterogeneous deployments with CA. 
As a conclusion, we have the following proposals, to be captured in the TR:
Proposal 1: It is proposed to: (a) study the use case of macro-pico interference with particular reference to the optimization of carrier selection (Pcell/Scell allocation) of users around CRE region when CA-ICIC is used to manage interference and (b) to capture the description and preliminary analysis included here it the TR.   
Proposal 2: In case inter-eNB assistance is found beneficial, it is proposed to first consider the re-use of the RNTP IE included in the Load Information message for assisting carrier selection in HetNet deployments and to capture this as baseline in the TR.

Proposal 3: In case inter-eNB assistance is found beneficial, it is proposed to 

a) consider the adoption of TDM ICIC procedural approach to assist carrier selection in HetNet scenarios
b)  discusss the extension of the current RNTP reporting mechanisms by enabling an eNB to indicate to another eNB the RNTP threshold it likes to receive a report about

In case these proposals can be agreed, Qualcomm is happy to provide a text proposal for the TR.
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