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1. Introduction

At the RAN1#72b meeting, the analysis on interference condition and initial results on system performance for various Rel-12 LTE small cell enhancements (SCE) scenarios were provided, and some potential interference avoidance/coordination schemes for SCE were discussed. Subsequently, the way-forward on inter-cell interference avoidance/coordination (ICIC) schemes for SCE was agreed in [1] [2] as follows:
· Candidate techniques for further study are as follows, but not limited to

· Small cell on/off

· Enhanced power control/adaptation (for both downlink and uplink)

· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting 

· Coordinated scheduling and beamforming with non-ideal backhaul

· For each of the techniques, further study including the followings

· Feasible time scale

· Performance analysis/gain

· Necessary enhancements of mechanism and procedure, and additional measurements to help the network decision

In this contribution, we firstly provide our views on application scenarios in terms of traffic load for different ICIC enhancements, then have further discussions on some details and standardization impacts on each enhancement candidate.

2. Application scenarios for different ICIC enhancements
Due to the more challenging interference characteristics for Rel-12 small cell enhancement compared to legacy HomNet/HetNet deployment, e.g., higher density and clustered distribution of small cells, and time-varying user traffic loads of small cells, some candidate techniques for ICIC enhancement for small cell have been identified in last meeting.

Basically, different ICIC enhancement schemes are preferred for different level of traffic load in terms of benefit of inter-cell interference reduction, as summarized in Table I.
Table.I Comparison of application scenario for different ICIC enhancement scheme

	Scheme
	Low/medium load
	High load

	Small cell on/off
	Yes
	No

	Enhanced downlink power control/adaptation 
	Yes
	Yes

	Enhancement of frequency domain power control and/or ABS to multi-cell scenarios
	Yes
	Yes

	Load balancing/shifting 
	Yes
	No


In case of low/medium load, small cell on/off and load balancing/shifting could be beneficial for ICI reduction, even though some further justification is needed considering the potential performance degradation due to the decrease of available resource in small cell on/off and decrease of SINR in load balancing/shifting. Meanwhile, the other enhancement schemes, e.g., enhanced downlink power control/adaptation, and enhancement of frequency domain power control and/or ABS to multi-cell scenarios seem useful irrespective of the traffic load. 
In practical network, the situation of traffic load may change dynamically or between day and night time, and effective support of different traffic load is needed in network design. In addition, it can be seen that multiple schemes can be beneficial for the same traffic load scenario, to reduce the standardization efforts, maybe not all the schemes need to be supported in Rel-12 for the same traffic load scenario. In that sense, further prioritization and selection among the schemes targeting for the same traffic load scenario is needed.

Proposal 1: Both low/medium and high load scenario need to be considered in ICIC enhancements for SCE. Prioritization among schemes targeting for the same traffic load scenario is needed in further study to reduce the RAN1 workload.
3. Further discussion on small cell on/off
Although mechanisms for small cell on/off were proposed and discussed extensively in previous RAN1 meetings, the similarities and differences among these mechanisms need to be further clarified. In this section, some possible implementation approaches for small cell on/off are further provided and discussed. The approaches are differentiated assuming different DL signal transmission when small cell is turned off, and the comparison of different cases is summarized in Table II.
1) Case 1 – no signal transmission
In this case, the DL is totally blank when small cell is turned off, and two different solutions can be considered in this case.
· Carrier selection based

If multiple component carriers (CCs) are available, the small cell can enable or disable its component carriers depending on its load condition to reduce the interference to neighboring cells. Current specification may already support the semi-static carrier selection and UEs can hand over to neighboring cells before the small cell is turned off. Anyway, some further information exchange between cells will be helpful for more effective carrier selection for each cell. In this case, it is still not clear whether dynamic small cell on/off is needed even though dynamic fluctuation of traffic load in small cell is one important issue to be taken into account. The reason is that some of the benefits can be realized by NCT, however, more standardization efforts may be needed. 
· UL based 

In UL based small cell on/off, the small cell in dormant mode does not transmit anything, and can be activated by the network when certain UL signal from UE is received, e.g., PRACH. Some network changes may be needed, e.g., macro can activate the small cell when PRACH is received. The problem of UL method is that if there is no small cell nearby, UL transmission means wasting of battery consumption. 

2) Case 2 – transmission of some legacy common signals
In case 1, the inter-cell interference can be reduced as much as possible, however, it has some disadvantages, e.g., increase of traffic latency. In case 2, some legacy common signals can be kept for dormant small cell, e.g., PSS/SSS, and CRS, etc, to reduce the latency in UE access and measurement. Current specification may already support the semi-static on/off in this case through scheduling or handover of UE to neighboring cells before the small cell is turned off. Furthermore, targeting for the dynamic fluctuation of traffic load, more dynamic small cell on/off in this case can be considered. Since the common signal is remained, and it is similar to ABS in Rel-10 HetNet, however, some control scheme in network to better adapting based on the traffic may be needed.
3) Case 3 – transmission of new discovery signal
To achieve some balance between case 1 and 2, e.g., effect of ICI reduction and traffic latency, case 3 can be considered in which certain new discover signal is transmitted when small cell is off. In case 3, the discovery signal with long periodicity is used to inform UEs of the presence of small cells. After UE detects the discovery signal, it can assist the small cell in dormant mode to be re-activated. For example, UE can report to Macro cell its detection results and Macro cell can inform the small cell in dormant mode to be re-activated from dormant mode to active mode.
Table.II Comparison of different approaches for small cell on/off
	Approach
	Downlink signal in “off” state
	Semi-static / Dynamic switching
	Support of UE
	Requirement of multiple CC 
	Network impact

	Case 1
	Carrier selection 
	No
	Semi.
	Rel-8 and beyond
	Yes
	FFS

(Yes or No)

	
	UL based
	
	
	
	No
	Yes

	Case 2
	Legacy PSS/SSS, CRS, etc.
	Semi. / dyna.
	Rel-8 and beyond
	No
	Yes

	Case 3
	New discovery signals
	Semi. / dyna.
	Rel-12
	No
	Yes


As discussion above, different approaches may have different impact on UE and network. Beside further performance comparison, considering backward compatibility is one of the main issues to be considered for small cell enhancement, the approaches with less impact on UE and network can be prioritized in further investigation.

Proposal 2: The schemes with less impact on UE and network can be prioritized in investigation of small cell on/off.
4. Further discussion on enhancement of ABS and power control 
In this section, we further discuss the enhanced ICIC schemes other than small cell on/off, e.g., enhancement of ABS and enhancement of power control. 
4.1. Enhancement of ABS
The mechanisms of Rel-8 ICIC, Rel-10 eICIC and Rel-11 FeICIC have been introduced to combat the inter-cell interference in homogeneous and heterogeneous network. But the new small cell scenarios may bring the more complex interference environments which were evaluated by many companies in last RAN1 meeting, e.g., the dominant interference comes from co-channel small cell rather than macro cell in some small cell scenarios. In that sense, muting of macro as Rel-10 eICIC may be not sufficient, and some enhancement, e.g., muting of small cell, may be worth for further study. In addition, to adapt to the dynamic change of traffic load, some dynamic adjustment of ABS pattern needs to be considered. However, if dynamic ABS is employed, some fast information exchange between cells may be needed. In addition, some high layer signaling may need to be introduced to make the resource blanking and scheduling more flexible, and support of more effective interference measurement from UE accordingly.
4.2. Enhanced power control/adaptation
In Rel-12 small cell scenario, as large number of small cells is deployed in a region, UEs may suffer experience from many cells. If small cells can self-adjust their transmit power to mitigate inter-cell interference and improve coverage, it may reduce the number of handovers and handover failures, and improves the user throughput. For more accurate DL power control/adaptation, frequent information exchange among cells may be needed, and backhaul with low latency will be required. However, in Rel-12 the backhaul condition is very complicated and diversified for small cell enhancement, e.g., with large range in transmission latency. Therefore, the benefit and application for enhanced power 

control/adaptation for different backhaul conditions need to be studied. 
Proposal 3: Enhanced ABS and power control may be beneficial for SCE, but its backhaul requirement needs to be studied.
5. Conclusion
In this contribution, we presented our views on application scenarios, implementation details and standardization impacts on the ICIC enhancement candidates for Rel-12 SCE. Based on the discussion, our proposals are as follows:
Proposal 1: Both low/medium and high load scenario need to be considered in ICIC enhancements for SCE. Prioritization among schemes targeting for the same traffic load scenario is needed in further study to reduce the RAN1 workload.

Proposal 2: The schemes with less impact on UE and network can be prioritized in investigation of small cell on/off.
Proposal 3: Enhanced ABS and power control may be beneficial for SCE, but its backhaul requirement needs to be studied.
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