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1. Introduction
On the paper, scenario of ‘Per UE carrier selection for CA between Macro and Pico’, which has the highest priority in [1], is divided into two use cases. Using suggested two use cases and the existing procedures, solutions of ‘Per UE carrier selection’ for Macro or Pico are to be described. 
2. Discussion 
2.1 The details of Macro-Pico scenario
Figure 1 describes two use cases for ‘Macro and Pico interference scenario’. On the use case (a) of Figure 1, Pico is the RRH (Remote Radio Head) which merely has RF front-end function. This Pico RRH is connected to MeNB with OBSAI (Open Base Station Architecture Interface) or CPRI (Common Public Radio Interface) over optical link, and radio frames between Pico RRH and MeNB are tightly synchronized to each other because the same timing source is used. On the use case (b) of Figure 1, PeNB and MeNB are separately arranged, and each node can be connected with X2 interface, The radio frames between PeNB and MeNB may not be tightly synchronized. 
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Figure 1. Two use cases for ‘Macro and Pico interference scenario’
On section 2.1, discussions about following questions are desired.
Question 1. Feasibility of the scenario on the use case (b) of Figure 1 is supposed to be discussed. If the use case (b) is feasible, is it more general and proper use case for the discussion about carrier-based HetNet ICIC to assume that two nodes are not tightly synchronized, though the two nodes can be tightly synchronized? 
Question 2. How about supporting the means to know timing differences between two nodes? If that is possible, the timing information among nodes can be widely used in many field including carrier-based ICIC. For example, tight synchronization between femto and macro must be achieved or time differences between femto and macro are known under the assumption that ABS (Almost Blank Subframe) defined by one node is applied to another node.
Question 3. Does Pico need coordination with neighbor MeNB (nMeNB) which the Pico, itself does not belong to, when it is located on the almost cell edge of a MeNB? (Refer to Figure 2, Figure 3).
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Figure 2. The relationship between Pico RRH and nMeNB in use case (a) of Figure 1
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Figure 3. The relationship between PeNB and nMeNB in use case (b) of Figure 2
2.2 The procedures for the carrier-based HetNet ICIC
For ‘the carrier-based HetNet ICIC’ between coverage node (e.g. MeNB) of coverage layer and capacity node (e.g. PeNB, HeNB) of capacity layer, the existing procedures such as Figure 4, 5 and 6, can be utilized for the use case (b) of Figure 1. On the other hands, the use case (a) of Figure 1 will use the internal interfaces, if the standardized procedures (e.g. Figure 4, 5, and 6) are not applied. However, Interference Coordination between MeNB and PeNB will be performed, which can be explained with the identical concept that Figure 4, 5, and 6 connate.
On the Figure 4, a node can make the final decision to select operational carries of its own using X2 SETUP procedure. If the node that initiates X2 SETUP REQUEST message receives X2 SETUP FAILURE message, it will retry X2 SETUP REQUEST message after waiting for ‘IE Time To Wait’ which is included X2 SETUP FAILURE message.

On the Figure 5, a node can make the final decision to add, modify and delete operational carrier of its own using eNB CONFIGURATION UPDATE procedure. If the node that initiates eNB CONFIGURATION UPDATE message receives eNB CONFIGURATION UPDATE FAILURE message, it will retry eNB CONFIGURATION UPDATE message after waiting for ‘IE Time To Wait’ which is included eNB CONFIGURATION UPDATE message.

On the Figure 6, one node can give Interference-related information such as Table 1 to other nodes using LOAD INDICATION procedure. The node that receives the LOAD INFORMATION message can perform self-interference coordination on the base of the received information. Table 1 shows primary information of LOAD INFORMATION message. Especially, if the LOAD INFORMATION message includes Invoke Indication, it will be indications that the sending node would like the receiving node to initiate the Load Indication procedure, with the LOAD INFORMAITON message containing the ABS information with non zero ABS patterns  (e.g. Case C-2 and Case C-4 of Figure 6) .

As a result, Figure 4 and 5 describe procedures which can be applied for ‘operational carriers selection’, and Figure 6 describes procedures which can be used for ‘per UE carrier selection for CA’.

Table 1. Key IEs in LOAD INFORMATION message.
	
	IE
	Range

	About each cell belonging to the sending node
	UL Interference Overload Indication (OI) – option
	per PRB
ENUMERATED (High, Medium, Low)

	
	RNTP – option
	an indication on DL power restriction per PRB in a cell 
· RNTP per PRB (0:Tx not exceeding RNTP threshold, 1: no promise on the Tx power is givien)

other information needed by a neighbour eNB for interference aware scheduling
· Number of Cell specific Antenna Ports, P_B, PDCCH Interference Impact

	
	ABS Information – option
	Per Subframe (reference point. SFN = 0)

1: blanked in DL
0: not blanked in DL

	
	Invoke Indication – option
	ENUMERATED (ABS Information, …)

	> About each cell belonging to the neighbor node  
(per each cell belonging to the sending node)
	UL HII (High Interference Indication) – option
	per PRB
1: high interference sensitivity
0: low interference sensitivity


Note. RNTP – Relative Narrowband Tx Power

Note. Proactive Frequency-domain Approach (UL HII), Proactive Time-domain Approach (DL ABS), Proactive Power-domain Approach (DL RNTP), Reactive Approach (UL OI)
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Figure 4. X2 SETUP procedures
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Figure 5. eNB CONFIGURATION UPDATE procedures
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Figure 6. LOAD INDICATION procedures

2.3 Solutions for the macro-pico interference scenario
The Figure 7 assume that total frequency bandwidth for an operator is 40 MHz and the operator divides it into units of the operational component carriers (CCs), which are 5MHz, 10MHz, 15MHz, and 20MHz. Operational carriers of MeNB and PeNB can be decided with the internal interface on the use case (a) of Figure 1. For the use case (b), the standardized procedure as described Figure 4 can be applied. Table 2 shows a part of possible combination of operational carriers that can be chosen from Figure 7. For example, using procedures of Figure 4 and 5, various ‘operational carriers selection’ can be performed to have free interference between macro and pico, as described case 6 and 7 of the Table 2, or far less inter-node interference. Also, if the ‘operational carriers selection’ like case 2, 3, or 8, 9 are presumed, this may influence to ‘Per UE carrier selection for CA’. On this paper, solutions for the macro-pico interference scenario are discussed with the condition that operational component carriers of 5MHz, which are not mutually overlapping, are used. 
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Figure 7. The example of operational carriers
Table 2. The example of ‘operational carriers selection’
	
	Macro
	Pico

	
	UL
	DL
	UL
	DL

	Case 1
	CC01,CC02,CC03,CC04
	CC05,CC06,CC07,CC08
	CC01,CC02,CC03,CC04
	CC05,CC06,CC07,CC08

	Case 2
	CC01,CC02,CC03,CC04
	CC05,CC06,CC07,CC08
	CC17
	CC18

	Case 3
	CC17
	CC18
	CC01,CC02,CC03,CC04
	CC05,CC06,CC07,CC08

	Case 4
	CC17
	CC18
	CC17
	CC18

	Case 5
	CC01, CC02
	CC05,CC06
	CC01,CC02,CC03,CC04
	CC05,CC06,CC07,CC08

	Case 6
	CC01
	CC05
	CC15
	CC16

	Case 7
	CC01,CC02
	CC05,CC06
	CC03,CC04
	CC07,CC08

	Case 8
	CC01,CC04
	CC05,CC08
	CC17
	CC18

	Case 9
	CC009
	CC11
	CC01,CC02,CC10
	CC05,CC06,CC12

	…
	
	
	
	


At the moment, below question is preferred to be discussed for the work-scope of solution for the macro-pico interference scenario.

Question 4.  Can the solution for the macro-pico interference scenario be considered only with the situation that component carriers, which are mutually not overlapping and having identical system bandwidth, can be used as operational carriers of each node?
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Figure 8. The example of Macro-Pico deployment
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Figure 9. The Macro UE within PeNB UL coverage
With procedures of Figure 4 or 5, operational component carriers like case 5 of table 2 are assumed to be selected for MeNB and PeNB. Also, like Figure 8, a UE is assumed to passes the center of PeNB on the way from the center of MeNB to the end of it, with a special speed. With this two premises, Figure 9 shows measured result of RSRP for DL CC05 and CC06 of MeNB, and CC05, CC06, CC07, and CC08 of PeNB on UE. The result of Figure 9 describes RSRP values which are measured for CC05 and CC06 of MeNB and CC05, CC06, CC07, and CC08 of PeNB following the moving path of UE on Figure 8. Through the RSRP intersection for the Pico and Macro on the Figure 9, Pico DL distance can be known and Pico UL distance can be measured with the Pico DL distance (For reference, even though the Pico DL distances among DL component carriers are slightly different, Figure 9 does not show the difference among DL component carriers and the base of Pico DL distance is DL CC05). For the case that Macro UE is put on the spot of 133m from MeNB, uplink power of the Macro UE is bigger than uplink power of Pico UE, when the Macro UE sends uplink PUSCH data. So uplink data of Pico UEs will be broken, if any of them are using same PRB component carrier with marco UE when it is allocated resources from MeNB scheduler. The UL Overload Indication (OI) will be measured as high for the PRBs of component carrier on Pico eNB. To mitigate the uplink interference of PeNB for this case, following two solutions can be categorized as ‘Solution inside PeNB’ and ‘Solution requesting Interference Coordination to MeNB’.

Solution 1. (Solution inside PeNB) PeNB can impose constraint that the component carrier that UL OI was measured as high is excluded from resource allocation for uplink of Pico UEs .

On the Figure 7, the frequency which the operator has got permission to use is very important resource. In addition, the customer is generally more sensitive to the QoS of coverage layer than the QoS of capacity layer. So operators need to apply a policy that allows node and UE on the coverage layer have higher priority for the usage of both ‘operational carriers selection’ and ‘Per UE carrier selection for CA’ than one on the capacity layer. Therefore, if PeNB has component carriers which have high-measured UL OI, before initiating LOAD INDICATION procedure to MeNB, it should be judged whether QoS of Pico UEs which are currently connected can be satisfied when component carriers that have had UL Interference are not used, based on whole available capacity of Pico eNB. If there is any Pico UE using UL interference-occurred component carriers as Pcell or Scell, UEs that are used as Pcell are to be changed to other component carriers through handover procedure and UEs used as Scell are to be changed to other component carriers. Also, if there is any component carrier which is not turned on but usable, it can be turned on or off for the cases that it brings about UL interference. In this case, procedure like Figure 5 is necessary. Complex procedures of sustaining the existing connections and moving them are also required. While UL-OI of UL interference-occurred component carrier is kept being checked, uplink resource can be re-allocated to the component carrier if its state becomes medium or low.
Solution 2. (Requesting Interference Coordination to MeNB) PeNB requests Interference coordination to MeNB through LOAD INDIACATION procedure.
If the action of solution 1 does not pay off or solve the problem, PeNB requests interference coordination to MeNB through LOAD INDICATION procedure.
·  2-1
Sending LOAD INDICATION message including measured information of UL OI
LOAD INFORMATION message including measured information of PeNB UL OI is sent to Macro eNB (Figure 6 Case C-1). MeNB, which takes the message, can suspend the usage of MeNB’s component carrier corresponding to PeNB’s UL OI high-measured component carrier if ,without its component carrier, the QoS of currently connected Macro UEs can be guaranteed and there is extra capacity for new connection considering current total capacity of MeNB. This method, however, will require complicated follow-up procedure to MeNB. Moreover, it is not a method to be taken for the case that MeNB has a single carrier and it will eventually restrict the effective usage of total capacity of MeNB even if MeNB takes multi carriers. 
· 2.2
Sending LOAD INDICATION message setting UL OI and HII

LOAD INFORMATION message, which set measurement result of UL OI and HII to 1, is sent to Macro eNB (Figure 6 Case C-1). Comparing solution 2-1 and 2-2, 2-1 describes that PeNB requests MeNB to check component carriers having uplink interference without compulsion. On the other hands, solution 2-2 means that PeNB make MeNB to refrain from usage of PRBs having value 1 of HII. MeNB, which receives this, takes the action that resource allocation of Macro UEs is performed over PRBs having value 0 of HII. PeNB can’t distinguish two types of Macro UE;  Macro UEs affected to UL of PeNB, Macro UEs not affected to UL of PeNB. It is a method to be taken for the case that MeNB has a single carrier unlike Solution 2-1 but it is also eventually restrict the effective usage of total capacity of MeNB. 
· 2.3
Finding Macro UE which brings about serious UL Interference to component carrier of PeNB and preventing MeNB to use component carrier of the Macro UE
For the use case (a) of Figure 1, MeNB saves short-term scheduling information of the operational carriers and MeNB can infer Macro UE from this information and measured information of ‘OI per PRB’ of PeNB. This is implementation issue. For the use case (b), however, to find Macro UE, exact time difference between MeNB and PeNB should be grasped with the procedure like Figure 4, and MeNB should save long-term scheduling information considering reception latency  of Case C-1 (Solution 2-1) on Figure 6. First of all, it will be possible to stop the Macro UE affected to UL of PeNB to use the component carrier, if Macro UE that provokes UL OI to get high can be found. For example, MeNB can move to other Scell, if Scell of Macro UE is the component carrier causing interference and the handover which is to change Pcell of MeNB can be also performed, if the component carrier causing interference is Pcell of Macro UE. Using the information of Figure 4 and 5 for more detailed control, the operational component carriers which are not being used by PeNB can be considered that MeNB moves to. In addition, component carriers which are being used can be exchanged, between Macro UEs which does and does not use component carriers causing interference on MeNB. 
· 2-4
Using Time-domain Interference coordination
We assume that, if DL ABS pattern is defined, UL ABS pattern can be implicitly defined with the same pattern after 4 sub-frame of DL ABS pattern. Uplink Interference of PeNB can be reduced, since MeNB can define DL ABS Information and then PeNB can allocate resources only for sub-frames of UL ABS = 1 according to UL ABS information based on DL ABS information of MeNB. For the use case (a) of Figure 1, this time-domain interference coordination using UL ABS information can be applied. For the use case (b) of Figure 1, the time difference between two nodes is assumed to be grasped through the procedures of Figure 4 (or 5) or other methods. And then, Invoke Indication of LOAD INFORMATION message should be set ABS Information as enumeration. Also, the procedure of Case C-2 on Figure 6 is carried out setting measured result of UL OI on Solution 2-1. Then PeNB can eventually receive DL ABS Information of MeNB. In other words, Invoke Indication is added to set ABS Information, and LOAD INFORMATION message including UL OI is sent from PeNB to MeNB. Then MeNB gives LOAD INFORAMTION message including DL ABS Information (ABS Pattern) to PeNB. And PeNB can allocate resources only for sub-frames of UL ABS = 1  after making self UL ABS pattern considering time difference between two nodes as well as DL ABS pattern of MeNB.
3. Conclusion

With discussions about questions and solutions on this paper, the work scope of ‘Per UE carrier selection for CA between Macro and Pico’ is desired to be consensuses and the work is expected to be progressed.
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