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1.  Introduction
In RAN3 meeting #73bis, further discussions have been made for carrier-based HetNet ICIC WI in LTE [1] around the prioritized interference scenario of macro-pico deployment with CA [2]. In particular, one of the use cases identifies possible enhancements for downlink by assisting carrier selection as relevant one for investigation.
In this contribution we further discuss possible mechanisms for assisting interference mitigation in downlink and refine the solution proposed in [3], 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 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 (see the updated TR of the WI in [4], section 4.A). 

Figure 1 identifies different RF situation faced in downlink by the users in the system, which could be close to a macro cell, close to a pico cell or in intermediate region (cell edge). This last case is the most interesting one, as the use of Cell Range Expansion (CRE) to capture users early on under the pico cell will result in a group of users that are going to be served by the pico cell while still far away from it, as described in [3]. In fact users in CRE or handing over around CRE region need an appropriate mechanism to counteract interference and properly select Pcell/Scells, as summarized in Table 1 on the rightmost column.
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Figure-1: Users in heterogeneous network: (a) close to macro; (b) close to pico; (c) in intermediate region (e.g. in CRE) [3].
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, and it is beneficial to study this use case.
Proposal 1: It is proposed to: (a) study the use case of DL macro-pico interference with particular reference to optimization of carrier selection (Pcell/Scell allocation) of users around CRE region when carrier-based ICIC is used to manage interference and (b) to capture the analysis included here and its summary in Table 1 in 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-1: 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 [5] and TS 36.423 [6], 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 [6], 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. 
2.3 Extension to the control region
The RNTP mechanism described in section 2.2 has been designed for and is applicable to data channels only. For the system to work properly, the control channel ICIC is necessary.  Interference coordination related to the control region is needed to make use of the cross-carrier scheduling, where control region of one carrier is assumed to be interference protected and reliable, and hence can be used for conveying the control for other carriers which do not have reliable control region. A possible way for protecting the pico cell anchor carrier control region is to lower the macro cell transmission power on those resources. It is therefore important that the pico cell knows which carrier is used by macro cell to convey control information with high/low power transmission. 

Different options for providing this information to pico cell are available. They include approaches where the information is pre-provisioned via O&M and/or  provided by neighbour node assistance. In this second case, either implicit (e.g. inferred from RNTP bitmap) or explicit (e.g. by means of new IE added to the Load Indication procedure) exchanges could be considered. 
 Proposal 3: In case inter-eNB assistance is found beneficial, it is proposed to also consider extending it to the control region and investigating what information exchange could be used for assisting carrier selection in HetNet deployments via X2-AP. 
2.4 How to use these mechanisms: message exchange
Figure-2 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. The message exchange could very similar to what defined for TDM ICIC case, whereby:
·    The pico cell (or in general a LPN = Low Power Node) may requests to receive information about protected resources via an Invoke Indication to the macro cell
·    The macro cell can provide via Load Indication the RNTP bitmask of its cells and the corresponding RNTP threshold, for all available carriers, so that the LPN can identify what the best allocation of the Pcell/Scell for the user is, and can schedule accordingly. 
·    The LPN may be requested to include loading status information in the Resource Status Update message to inform the macro of the actual usage of radio resources, for further resource adjustments.
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Figure-2: Possible message exchange framework for re-use of RNTP bitmap to assist carrier selection in CA network.
Proposal 4a: In case inter-eNB assistance is found beneficial, a message exchange framework similar to what defined for TDM ICIC can be adopted to assist carrier selection in HetNet scenarios.

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 4b: 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 DL macro-pico interference with particular reference to optimization of carrier selection (Pcell/Scell allocation) of users around CRE region when carrier-based ICIC is used to manage interference and (b) to capture the analysis included here and its summary in Table 1 in 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 also consider extending it to the control region and investigating what information exchange could be used for assisting carrier selection in HetNet deployments via X2-AP. 

Proposal 4: In case inter-eNB assistance is found beneficial, it is proposed to 

a)  adopt a message exchange framework similar to what defined for TDM ICIC to assist carrier selection in HetNet scenarios
b)  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

In case these proposals can be agreed, Qualcomm is happy to provide a text proposal for the TR.
4. 
References

[1] 
RP-110437, “New work item proposal for Carrier based HetNet ICIC for LTE”,  Nokia Siemens Network, Nokia Corporation.
[2]   R3-112286, “The way forward for the carrier-based HetNet ICIC”, Nokia Siemens Networks

[3]   R3-112609, “Carrier-based HetNet ICIC use cases and solutions”, Qualcomm Incorporated

[4]   R3-113007, “Result of the email discussion on the use case description in TR R3.024”, Nokia Siemens Networks 

[5]   3GPP TS 36.300, “E-UTRAN Overall Description – stage 2”

[6]   3GPP TS 36.423, “X2 application protocol (X2AP)”













































PAGE  
5/5

_1378814699.vsd

_1381952261.vsd
LPN


RNTP bitmap


Invoke


eNB


Loading Status



