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1. Introduction
During RAN3#73, the open question “Should the scenario with equal bandwidth and unequal bandwidth for coverage and capacity layer cells (explicitly) considered for CA-based ICIC?” is raised. Some initial consideration on both use cases with equal bandwidth and unequal bandwidth for macro and low power nodes are presented in R3-112131[1]. In this discussion paper, some further considerations on interference management and carrier selection of the use case with unequal bandwidth are provided in detail. 
2. Discussion on the scenario with unequal bandwidth for coverage and capacity layer cells
Capacity layer cells usually serve a limited number of UEs, so the transmission bandwidth of capacity layer cells could be less than that of coverage layer cells. In the scenario with unequal bandwidth for coverage and capacity layer cells, both “macro-pico” and “macro-femto” are taken into consideration. More details about interference management and inter-node signaling in these two use cases are introduced as follows:
· Macro-pico
As showed in Fig.1, take macro cell with a 20MHz carrier and pico cell with a 5MHz carrier as an example, the analysis of the interference mitigation of DL signals is introduced as below:
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Fig 1       the scenario with unequal bandwidth for macro and pico
· PSS /SSS /PBCH

The primary /secondary synchronization signals or PBCH are mapped to the fixed resources in both time domain and frequency domain, no matter how much the transmission bandwidth is. In Figure 2, pico’s DL carrier is not overlapped with the center 6 RBs of macro’s DL carrier, where PSS/SSS/PBCH occurs. As a result, pico will not be affected by macro’s PSS/SSS/PBCH. Moreover, macro cell usually apply FFR/SFR solutions for DL interference mitigation. If pico’s centre 6RBs do not collide with the frequency partition used by macro for the area, pico’s PSS/SSS/PBCH are free from the interference by macro’s PDSCH. For instance, macro eNB schedules PDSCH for macro UEs which are close to pico cells (such as macro UE B in Fig.1) on other PRBs so that pico UEs can synchronize with the pico cell and read MIB without interference. For that purpose, pico should acquire information through OAM or X2 signaling about the frequency partition used by macro for the area
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Fig 2       PSS/SSS/PBCH in macro-pico scenario

· PDSCH

The carrier of pico can be wisely selected so as to not collide with the frequency partition for the same area of the overlapping macro. For example, in diverse frequency reuse cases, macro eNB and pico eNB will schedule the UEs on different frequency resources, so that there is no interference on PDSCH.

Observation 1: In unequal bandwidth scenario, the interference from 
Macro eNB to pico’s PSS/SSS/PBCH/PDSCH can be minimized if pico eNB chooses a carrier following two rules: (1) the centre 6 RBs of pico’s carrier do not collide with those of macro’s;(2) pico’s carrier do not collide with the PDSCH frequency partition used for the same area by macro.
Observation 2: to minimize the interference on PSS/SSS/PBCH/PDSCH, pico eNB should obtain the information of macro cell (such as operating carrier and frequency partition) from OAM or through existing signalling interface (e.g. X2) before selecting the carrier. 
· PDCCH
The methods to solve the problems of PDCCH interference in the scenario with equal bandwidth have been discussed before, and several solutions have been approved, for example, cross carrier scheduling or ABS. These solutions can be also applied for the unequal bandwidth scenario. 

· CRS

Pico’s CRS will not overlap with macro’s CRS if appropriately configured. Then pico’s CRS is overlapped with part of macro’s PDSCH. In that case, macro eNB can mute the REs overlapping with pico’s CRS while sending PDSCH normally on the resources which are not overlapped (Fig. 3). This approach applies to both equal and unequal bandwidth cases.
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Fig 3       CRS in macro-pico scenario (pico’s CRS overlap with macro’s PDSCH)
For macro eNB, more detail information of the pico cell, such as PCI, antenna port and transmission bandwidth should be acquired to calculate the resources that pico cell’s CRS mapped to.

Observation 3: Existing approaches used for equal bandwidth for interference mitigation on PDCCH and CRS can be also applied to unequal bandwidth macro-pico scenario.
· Macro-femto (also take macro cell with a 20MHz carrier and femto cell with a 5MHz carrier as an example)
· PSS /SSS/PBCH
There is no interference to macro cell’s PSS/SSS/PBCH, if the femto eNB chooses the DL carrier which is away from the centre 6 RBs of the macro cell’s DL bandwidth. Or Femto eNB may not schedule UEs on the RBs which collide with macro’s PSS/SSS/PBCH if femto’s centre 6 RBs do not collide with those of macro.
· PDSCH

Only part of the macro’s PDSCH resources may be affected by downlink signaling in femto cells.The carrier of femto can be wisely selected so as to not collide with the frequency partition for the same area of the overlapping macro. For example, in diverse frequency reuse cases, macro eNB and femto eNB will schedule the UEs on different frequency resources, so that there is no interference on PDSCH.
Observation 4: In unequal bandwidth scenario, the interference from 
femto eNB to macro’s PSS/SSS/PBCH/PDSCH can be minimized if femto eNB chooses a carrier following two rules: (1) the centre 6 RBs of femto’s carrier do not collide with those of macro;(2) femto’s carrier do not collide with the PDSCH frequency partition used for the same area by macro. 
To minimize the interference on PSS/SSS/PBCH/PDSCH, femto eNB should obtain the information of macro cell (such as operating carrier and frequency partition) from OAM or through network listening before selecting the carrier.
Observation 5: to minimize the interference on PSS/SSS/PBCH/PDSCH, femto eNB should obtain the information of macro cell (such as operating carrier and frequency partition) from OAM or through network listening before selecting the carrier.
· PDCCH

Only part (e.g. 1/4) of the macro cell’s PDCCH will be affected by downlink signaling of femto cells. As a result, the PDCCH interference can be greatly alleviated compared to the equal bandwidth scenario. 

Observation 6: The PDCCH interference can be greatly alleviated compared to the equal bandwidth scenario. If performance evaluation for quantitative results is needed, it is preferred to send an LS to RAN1.

· CRS

If appropriately configured, macro’s CRS will not be affected by femto’s CRS. That means macro’s CRS is overlapping with the REs carrying femto’s PDSCH. To minimize the interference from femto’s PDSCH to macro’s CRS, femto eNB can mute the REs colliding with macro’s CRS. This approach applies to both equal and unequal bandwidth scenarios.
We summarize the above observations as follows:

	
	PSS/SSS/PBCH/ PDSCH
	PDCCH
	CRS

	Macro-pico
	Interference minimized by wisely selecting pico’s carrier in unequal bw scenario
	Similar to equal bw case
	Similar to equal bw case

	Macro-femto
	Interference minimized by wisely selecting femto’s carrier in unequal bw case
	Interference greatly alleviated in unequal bw case
	Similar to equal bw case


Proposal 1: RAN3 is kindly proposed to consider the unequal bandwidth use case between macro and LPN for carrier-based eICIC.
Proposal 2: In macro-LPN scenarios, LPN should choose its operating carrier following two rules: (1) the centre 6 RBs of LPN’s carrier do not collide with those of macro;(2) LPN’s carrier do not collide with the PDSCH frequency partition used for the same area by macro.
3. Conclusion & Proposal
In this paper, we discussed the details of the interference management and carrier selection in the scenario with unequal bandwidth for macro-pico and macro-femto, some observations and proposals are listed below:

	
	PSS/SSS/PBCH/ PDSCH
	PDCCH
	CRS

	Macro-pico
	Interference minimized by wisely selecting pico’s carrier in unequal bw scenario
	Similar to equal bw case
	Similar to equal bw case

	Macro-femto
	Interference minimized by wisely selecting femto’s carrier in unequal bw case
	Interference greatly alleviated in unequal bw case
	Similar to equal bw case


Proposal 1: RAN3 is kindly proposed to consider the unequal bandwidth use case between macro and LPN for carrier-based eICIC.
Proposal 2: In macro-LPN scenarios, LPN should choose its operating carrier following two rules: (1) the centre 6 RBs of LPN’s carrier do not collide with those of macro;(2) LPN’s carrier do not collide with the PDSCH frequency partition used for the same area by macro.
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