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1. Introduction

In [1], we have proposed one method to create lightly loaded PDCCH region to mitigate the inter-cell interference. We can rely on Rel-8/9 ICIC scheme to mitigate the inter-cell interference for PDSCH and define a Rel-10 eICIC scheme to mitigate the inter-cell interference for PDCCH. In [2], we gave some system level simulation results on the control channel outage mitigation effect by statically configuring a lightly loaded PDCCH region for all subframes at the interferer eNB. In this contribution we will give examples of the time domain extension of the lightly loaded PDCCH region and how time domain ICIC can be viewed as one special example of time domain lightly loaded PDCCH region.
2. Review of lightly loaded PDCCH region
As shown in [1], the main method to create lightly loaded PDCCH region is to define information to be exchanged among X2 interface to describe the load of the PDCCH region. Figure 1 gives one example in which the CCE usage ratio is exchanged among X2 interface. In order to reduce the interference generated to neighbour eNB’s control region, one eNB can reduce number of co-scheduled UEs in its PDCCH region.
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Figure 1, Example of lightly loaded PDCCH region
3. Time domain lightly loaded PDCCH region
As pointed out in [2], one natural extension of lightly loaded PDCCH region is to create time variant in the PDCCH load to be coordinated among eNBs. This will give another domain of freedom for the eNB to coordinate the scheduling decision. Figure 2 gives one time domain extension example of lightly loaded PDCCH region. The periodicity for the time domain PDCCH load information is set to be 3 subframes. Thus each subframe could have different PDCCH load. The PDCCH load for SF2 in eNB B is set to be zero thus there is no data transmitted in SF2 as well. This special case could be more applicable to Macro-Femto scenario in which there is a long tail for the macro UE’s geometry CDF at low end because of no access to a nearby Femto eNB. The introduction of cross subframe scheduling could make it possible to have one sub frame having only data transmission. However, having cross subframe scheduling or not doesn’t seem to have impact on the feasibility of time domain lightly loaded PDCCH region.
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Figure 2, Time domain lightly loaded PDCCH region
4. Specification impact
The major specification impact for time domain lightly loaded PDCCH region is in X2 application protocol. Though there could be other air interface specification impact, any air interface changes need to be carefully evaluated because these changes may only be understood by Rel-10 and beyond UEs and not the Rel-8/9 UEs. This specific feature component is non-backward compatible (correctly functioning between a Rel-10 and beyond eNB and Rel-8/9 UE). 
In [3], RNTP has already been defined for Rel-8/9 as part of load information to be exchanged among X2 interface. PDCCH interference impact is one field defined in RNTP. This field tells the number of predicted OFDM symbols used for PDCCH region. When PDSCH is fully loaded, changing number of OFDM symbols used for PDCCH region doesn’t reduce the inter-cell interference in victim eNB’s control region. The only change is PDCCH2PDCCH interference becomes PDSCH2PDCCH interference. The RNTP report could be extended as below to include PDCCH load information.
Below gives one specification change example, there could be other changes.
Specification change in 36.423 starts

9.2.19
Relative Narrowband Tx Power (RNTP)

This IE provides an indication on DL power restriction per PRB in a cell and other information needed by a neighbour eNB for interference aware scheduling.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RNTP Per PRB
	M
	
	BIT STRING (6..110, …)
	Each position in the bitmap represents a nPRB value (i.e. first bit=PRB 0 and so on), for which the bit value represents RNTP (nPRB), defined in [11]. 

· Value 0 indicates "Tx not exceeding RNTP threshold". 

Value 1 indicates "no promise on the Tx power is given"
	–
	–

	RNTP Threshold
	M
	
	ENUMERATED (-∞, -11, -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, …)
	RNTPthreshold is defined in [11]
	–
	–

	Number Of Cell-specific Antenna Ports 
	M
	
	ENUMERATED (1, 2, 4, …)
	P (number of antenna ports for cell-specific reference signals) defined in [10]
	–
	–

	P_B
	M
	
	INTEGER (0..3, …)
	PB is defined in [11]
	–
	–

	PDCCH Interference Impact
	M
	
	INTEGER (0..4, …)
	Measured by Predicted Number Of Occupied PDCCH OFDM Symbols (see [10]).

Value 0 means "no prediction is available"
	–
	–

	PDCCH CCE usage ratio
	M
	
	OCTET STRING (8)
	Measured by Predicted PDCCH CCE usage ratio
The leftmost octet defines the predicted PDCCH CCE usage ratio for SF0 and the rightmost octet defines the predicted PDCCH CCE usage ratio for SF7

SF index is relative to eNB’s SFN

Value 0 means “no prediction is available”
Value 1 means 0% usage ratio

Value 2 means 10% usage ratio and so on
Value 11 to Value 255 is reserved
	
	


Specification change in 36.423 ends
5. Conclusion
In this contribution we have given examples of time domain lightly loaded PDCCH regions and the example specification changes in X2 application protocol. In our view, time domain lightly loaded PDCCH regions is the easiest way to mitigate the inter-cell interference in PDCCH region. We have shown that by setting the load of PDCCH for some subframes to be zero, it becomes time domain ICIC and can be used to solve the Macro-Femto interference problem on the macro UE side. But more generally this scheme can be used for other HetNet scenario such as Macro-Pico with range expansion or even Macro-Macro scenario.
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