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1
Introduction
This paper discusses simultaneous use of RNTP (Relative Narrowband Tx Power) promises and ABS (Almost Blank Subframe) in Release 10. In particular is discussed the potential need of a pico eNB to provide RNTP promises to the macro eNB that allocated an ABS pattern, as well as to other adjacent nodes that didn't allocate ABS or allocated an ABS pattern on other subframes. Such need, if confirmed, may require an adaptation of the RNTP definition in the X2 LOAD INFORMATION message.

2
Picocell ABS/RNTP scenarios
Inter-cell interference coordination (ICIC) was introduced in Rel-8, using the X2 interface for exchange of information related to transmission power (DL) and interference (UL). The exchanged information is organised per group of 12 subcarriers and. no time component is present. In the scope of the Rel-10 eICIC work item RAN1 recently agreed a time-domain extension of  DL ICIC for the Macro-Pico deployment scenario.
In the LS from RAN1 describing time-domain ICIC [1] is stated:

· New IE to indicate ABS pattern and number of CRS ports over X2 is recommended to RAN3

· This should not affect existing Release 8/9 X2 RNTP, HII and OI IE definitions
RNTP may be considered as a promise from the issuing eNB that the maximum instantaneous DL transmission power for UE specific Resource Elements (symbol per subcarrier) shall not be higher than a given threshold. The RNTP promise is valid for a given resource block (12 subcarriers) without any subframe discrimination or other time domain information (except that the promise is valid until the eNB sends a new RNTP IE). The aim of the RNTP promise is to help the receiving eNB to select PRBs for DL scheduling of its own UEs located in the cell edge and potentially  interfered by the eNB sending the RNTP promise. Detailed RNTP definition is given in TS 36.213.

In this paper we discuss RNTP usage of a picocell in following two scenarios. The overlaid macrocell has allocated ABSs.
1. "Pure picocell scenario": The picocell is located "deep into" the macrocell coverage and isolated from other picocells. Such picocell is characterised by the fact that it will not need to perform inter-cell interference coordination with other cells than the overlaid macrocell.
2. "Interfering picocell scenario": The picocell needs to perform inter-cell interference coordination with other cells (picocells or interfering macrocells) in addition to the overlaid macrocell.

Scenario 1: Pure picocell scenario
In this scenario the picocell is allowed to fully exploit the scheduling resources provided by the ABS pattern, knowing that there is no risk to interfere UEs served by other cells when the ABSs are used for high-power scheduling. This situation will in our view not necessarily exclude the need for inter-cell interference coordination in the subframes not covered by the ABS pattern using RNTP.  However, as showed in Fig. 1, an RNTP promise issued by the picocell with high cell-edge load will in this situation reflect Tx power in ABSs because cell-edge UEs are scheduled in these subframes in the entire available bandwidth. The macrocell will as a consequence not receive information / RNTP promises valid for the subframes other than the ABSs, in which it may not schedule traffic anyway.

[image: image1]
Fig. 1: Graphical illustration of frequency domain used for RNTP reporting and time-domain used for ABS designation. Pure picocell scenario where the picocell has high traffic load in the cell edge, which corresponds to high power sent on all subcarriers in the ABSs designated by the overlaid macrocell.

Scenario 2: Interfering picocell scenario
In this scenario the picocell must share the scheduling resources provided in the ABS pattern of the overlaid macrocell because UEs served by other cells, which didn't allocate ABS or allocated other ABS patterns, may be interfered. The picocell will therefore not schedule UEs with high power in some resource blocks, even when within the ABS pattern. The RNTP promise will in this situation indicate in which subcarrier groups the picocell restricts the Tx power. 
This situation is illustrated in Fig. 2.
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Fig. 2: Interfering picocell scenario where the picocell has high traffic load in the cell edge. However, due to risk of interference of UEs served by other cells, the picocell restricts its Tx power in some resource blocks.

3
Problem statement
It seems clear that the RNTP promise sent from the picocell to the macrocell in scenario 1 has no value for the macrocell with regard to interference aware scheduling in non-ABS subframes, at least when the pico's cell edge load is high. However the RNTP promise could perhaps serve as an (imperfect) indicator of the picocell's need for ABS.
But in order to confirm the existence of an issue, the following questions need answer:

· Is the "pure picocell scenario" a realistic scenario that should be considered in standardisation work?

· Is macro-pico frequency domain inter-cell interference coordination needed in this scenario?

Proposal 1: We kindly request RAN3 to discuss and confirm the pure picocell scenario, and need for macro-pico frequency domain inter-cell interference coordination in this scenario.
Proposal 2: If the issue is confirmed, we kindly request RAN3 to consider the proposal in section 4 of this paper.

In our view it also seems clear that an RNTP promise issued by a pico cell towards other cells in scenario 2 may work satisfactorily following the R8/R9 RNTP definition.

4
Proposal
In case an RNTP/ABS issue is confirmed following proposal 1, we believe the following adaptation of the X2 RNTP IE represents the simplest way to solve this issue. A flag is included in order to follow RAN1's recommendation in [1]: "... should not affect existing Release 8/9 X2 RNTP, HII and OI IE definitions".  
Extract from TS 36.423 start
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

	Interpretation
	O
	
	ENUMERATED (Time-domain ICIC, ...)
	Indicates the interpretation of the RNTP Per PRB IE.
	
	

	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]. 

· If Interpretation IE is not present, value 0 indicates "Tx power not exceeding RNTP threshold". 
· If Interpretation IE is present, value 0 indicates "Tx power not exceeding RNTP threshold, in the subframes not designated as ABS by the receiving node ". 

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"
	–
	–


Extract from TS 36.423 end
5
Conclusion
We have described two scenarios for macro-pico deployment, and discussed simultaneous use of ABS and RNTP in these scenarios. On this basis we formulated a problem statement linked to simultaneous use of frequency domain and time domain ICIC in Rel-10, needing confirmation by RAN3:

Proposal 1: We kindly request RAN3 to discuss and confirm the pure picocell scenario, and need for macro-pico frequency domain inter-cell interference coordination in this scenario.

Proposal 2: If the issue is confirmed, we kindly request RAN3 to consider the proposal in section 4 of this paper.
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